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Institute of Geophysics
of the Academy of Sciences
of the Czech Republic

—— The Institute of Geophysics of the Acad-
emy of Sciences of the Czech Republic is a public
research institution. The mission of the Institute
is to conduct fundamental research in physics

of the solid Earth and its immediate space envi-
ronment, in order to increase the level of gen-
eral scientific knowledge as well as to contribute
to practical application of the results of scientific
research. Geophysical interpretations include
studies of the lithosphere and sub-lithosphere
structure, crustal studies, geodynamics of the seis-
moactive regions, climatic changes, solar-terres-
trial relations, environmental geomagnetism and
many others. Theoretical modelling and numerical
simulations of geophysical fields are integral parts
of the research programme
of the Institute. The activi-
ties of the Institute comprise
regular observatory monitor-
ing of Earth’s physical fields
as well as a broad collabora-
tion with world-wide network
services and data centers.
The research staff of the In-
stitute of Geophysics consists
of approximately 60 universi-

ty-educated personnel organized in five research
departments: seismology, geothermics, geomag-
netism, geoelectricity, and tectonics and geody-
namics. The research activities are supported by
about 10 technicians at the research
departments and 30 staff members
of operating division (IT center, li-
brary, administrative and technical
services). Because a significant part
of the mission of a research institu-
tion is exchange and dissemination
of knowledge, the Institute organiz-
es scientific meetings and seminars
at both national and international
levels, and publishes a scientific
journal Studia Geophysica et Geo-
daetica. In collaboration with uni-
versities the Institute of Geophysics
takes part in higher education and in university
research programmes, especially at the doctoral
level.

—— A direct successor to the State Institute
of Geophysics founded in 1920, the Institute of Geo-
physics was incorporated into the Czechoslovak
Academy of Sciences in 1953. Currently it is one
of 57 public scientificinstitutes of the Academy. (De-
tailed information about the structure of the Acad-
emy of Sciences of the Czech Republic and other
institutes can be found at www.cas.cz/en/).




—— In 2006 and part of 2007, the Institute’s di-
rector was RNDr. Ale$ Spi¢ak, CSc. In 2007, ac-
cording to changes in the legal and infrastructural
status of all institutes of the Academy, the Institute
of Geophysics became a Public Research Institution
with a new Institute’s Board and Supervisory Board.
RNDr. Pavel Hejda, CSc. was elected and appointed
as director of the Institute in spring 2007.

Management of the Institute (Dec, 2007)
Director: RNDr. Pavel Hejda, CSc.

Deputy director: RNDr. Bohuslav Rizek, CSc.
Head of the Economy Department:

RNDr. Marta Tuckova

Scientific secretary: RNDr. Josef Pek, CSc.
Chairman of the Institute’s Board:

RNDr. Jan Safanda, CSc.

Supervisory Board

Chairman: prof. RNDr. Jan Palous, DrSc.
(Astronomical Institute, Academy of Sciences)
Vice-chairman: Ing. Marcela Svamberkova
(Institute of Geophysics)

Members:

Ing. Jan Vondrak, DrSc. (Astronomical Institute,
Academy of Sciences)

RNDr. Jan Svancara, CSc. (Faculty of Science,
Masaryk University, Brno)

RNDr. Vladimir Fiala, CSc. (Institute

of Atmospheric Physics, Academy of Sciences )
Secretary:

PhDr.Hana Krejzlikova (Institute of Geophysics)

Board of the Institute

Chairman: RNDr. Jan Safanda, CSc.
Vice-chairman: RNDr. Vaclav Vavrycuk, DrSc.
Internal members:

RNDr. Pavel Hejda, CSc.

Ing. Josef Horalek, CSc.

RNDr. Josef Pek, CSc.

RNDr. Eduard Petrovsky, CSc.

RNDr. Ale$ Spi¢ak, CSc.

External members:

Doc. RNDr. Ondfej Cadek, CSc. (Faculty

of Mathematics and Physics, Charles University)
RNDr. Jan Lastovicka, DrSc. (Institute

of Atmospheric Physics, Academy of Sciences)
Doc. RNDr. Oldfich Novotny, CSc. (Faculty

of Mathematics and Physics, Charles University)
Prof. RNDr. Jiti Zahradnik, DrSc. (Faculty

of Mathematics and Physics, Charles University)

Computing Centre
Head: Ing. Marcela Svamberkova

Library
Head: PhDr. Hana Krejzlikova




Research staff, 2007

Name Degrees Phone Ext. e-mail
ADAMOVA Petra Mgr. 019 adamova
BABUSKA Vladislav RNDr. DrSc. 049 babuska
BEHOUNKOVA Marie Mgr. 398 marie
BOCHNICEK Josef Ing. CSc 067 jboch
BOUSKOVA Alena Mgr. 381 ab
BUCHA Vaclav RNDr. DrSc. 393 bucha
CERMAK Vladimir RNDr. DrSc. 385 cermak
CERV Vaclav RNDr. CSc. 354 vev
DAVIDKOVOVA Hana Mgr. 351 davidkov
DEDECEK Petr Mgr. 054 pd
FIALOVA Hana Ing. 332 hfialova
FISCHER Tomas RNDr. PhD. 019 tomfis
HANUS Vaclav RNDr. DrSc. 346 hanus
HEJDA Pavel RNDr. CSc. 339 ph
HORACEK Josef Ing. 356 jhor
HORALEK Josef Ing. CSc. 076 jhr
HRUBCOVA Pavla RNDr. 070 pavla
CHAN Bohumil Ing. CSc. 344 bch
CHARVATOVA Ivanka ——— Ing. CSc. 080 ich
JEDLICKA Petr Ing. 381, 011 jepe
JECHUMTALOVA Zuzana —— RNDr. PhD. 121 zs
KAPICKA Ale$ RNDr. CSc. 341 kapicka
KOLAR Petr RNDr. CSc. 012 kolar
KONECNY Mojmir Ing. 351

KOVACIKOVA Svétlana Ing. PhD. 319 svk
KOZAK Jan RNDr. CSc. 018 kozak
KRATINOVA Zuzana PhD. 074 kratinova
KRESL Milan Ing. CSc. 048, 046, 350 mkr
LAURIN Jiri PhD. 071 laurin
MACHEK Matéj Mgr. 017 mates
MICHALEK Jan Mgr. 021 michalek
MRLINA Jan RNDr. 314 jan
NEJEDLA Jaroslava Ing. 335 jn
NOVOTNY Miroslav RNDr. CSc. 386 mn
PECOVA Jana RNDr. CSc. 318 ip

PEK Josef RNDr. CSc. 320 jpk
PETROVSKY Eduard RNDr. CSc. 333 edp
PLOMEROVA Jaroslava RNDr. DrSc. 391, 049 jpl
POLAK Vaclav Ing. v.polak
PRIKNER Karel RNDr. CSc. 354 kpr
PROCHAZKOVA Zuzana Mgr. 019 Hudova
PSENCIK Ivan RNDr. CSc. 383 ip



Name Degrees Phone Ext. e-mail
PYCHA Josef RNDr. CSc. 340 ipy
RUZEK Bohuslav RNDr. CSc. 026 b.ruzek
SEIDL Michal Ing. PhD. 331 michal.seidl
SKALSKY Lumir Ing. CSc. |.skalsky
STRESTIK Jaroslav RNDr. CSc. 321 jstr
SAFANDA Jan RNDr. CSc. 384, 350 jsa
SIMKANIN Jan PhD. 351 jano
SILENY Jan RNDr. CSc. 016 jsi
SMEJKAL Emanuel Ing. 388 es
SPACEK Petr PhD. 017 spacek
SPICAK Ale$ RNDr. CSc. 345 als
SPICAKOVA Lenka RNDr. PhD. 343 spicka
TELECKY Josef Ing. 316 jot
ULICNY David RNDr. CSc. 326 ulicny
ULRICH Stanislav RNDr. PhD. 017 stano
VANEK Jiti RNDr. DrSc. 346

VAVRYCUK Véclav RNDr. DrSc. 020 vV
VECSEY Ludék Mgr. PhD. 021 vecsey
ZAVADA Prokop PhD. 017 zavada
ZEDNIK Jan RNDr. 015 jzd

—— Full telephone numbers: +420 [ 267103ext,

for ext substitute the extension number (column 3).

—— E-mail: append @ig.cas.cz to the address

shown

The Lisbon earthquake (1755), rough woodcut — broadsheet
illustration, edited by J. Kamenicky, Litomysl (Bohemia),
erroneously dated as 1750. Original in the Scientific
Library, Plzen. Copy: http://nisee.berkeley.edu/kozak




Research departments

—— Department of Geoelectricity

Head: RNDr. Josef Pek, CSc.

—— investigations of the crustal and upper
mantle electrical conductivity

—— theoretical and methodological research
of electromagnetic fields and their numerical
modelling

—— research of external geoelectro-magnetic
fields

—— investigations of the solar-terrestrial rela-
tions

—— Department of Geomagnetism

Head: RNDr. Eduard Petrovsky, CSc.
observations of the Earth’s magnetic field
field measurements of secular variations
geodynamo modelling

space weather studies

effect of solar and geomagnetic activites
on climatic changes

—— rock and environmental magnetism

—— Department of Geothermics

Head: RNDr. Jan Safanda, CSc.

—— experimental and theoretical investiga-
tions of the temperature field of the Earth’s
crust and upper mantle, temperature logging
in boreholes

—— experimental studies of the thermo-
physical properties of crustal rocks, thermal
conductivity and diffusivity and radiogenic heat
production

—— instruments for geothermal research,
portable thermometers for borehole logging
and systems for a long-term temperature moni-
toring

—— reconstruction of climatic changes from
temperature-depth profiles in deep boreholes
—— research into the air, ground and bedrock
temperature coupling and into the thermal re-
gime within the soil and the underlying bedrock

—— Department of Seismology

Head: RNDr. Jan Sileny, CSc.

—— operating a regional network of broad-
band seismological stations

—— monitoring and interpreting the local seis-
micity in West Bohemia

—— study of deep geological structures down
to the mantle litosphere

—— theoretical research on seismic waves gen-
eration and propagation in complex structures
—— study of the Earth’s crust by using active
seismic experiments

—— Department of Tectonics and Geodynamics
Head: RNDr. Ales Spiéak, CSc.

—— processes at convergent plate margins,
focused on tectonic interpretation of earthquake
distribution and mechanisms

—— orogenic processes and rheology of Earth'’s
crust and mantle in ancient orogens

—— processes of magma ascent and diapirism
studied by analogue modelling and in the field
—— evolution of sedimentary basin fills as sen-
sitive records of the interaction between tecton-
ic processes, sea-level fluctuations and climate
changes

—— recent crustal movements in tectonically
active regions studied using gravity and geodetic
methods

—— Earth tides monitoring and analysis,
slope stability monitoring based on tilmeter and
groundwater observations

—— studies of oriented microporosity of rocks
and its relation to elastic properties and perme-
ability, e.g. for planning of radioactive waste re-
positories

—— microgravity measurements in engineer-
ing geology and archeology
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Seismogram from seismic station Pruhonice (PRU),
of December 26, 2006. The record shows twin
earthquakes of magnitudes 7.1 and 6.9 that occurred
in Taiwan, separated by an 8-minute pause.




Main research topics

—— The core of the yearbook is devoted
to short communications summarizing the prin-
cipal results achieved in various lines of research
at the Institute during the years 2006 and 2007.

—— Because the range of topics studied and
methods applied is very broad, the organization
of the text does not strictly follow the adminis-
trative structure of the Institute’s departments.

Instead the topics are arranged in several groups,
following a direction from continental- and re-
gional — scale studies of geodynamics, litho-
sphere structure and tectonics, through more fo-
cused studies of rock properties, seismicity, and
geophysical characterization of environmental
change, to theoretical studies and research
on the outer Earth and Solar System processes.

The global focus of research undertaken at the Institute of Geophysics is illustrated by the map below:

|1 Geothermal climate change observatories
in Portugal

|2 Geothermal climate change observatories
in Slovenia

|3 Deep electromagnetic soundings across
the Teisseyre-Tornquist Zone in Pomera-
nia, NW Poland

| 4 Passive seimological experiment in ltaly

|5 Study of petrological properties and rhe-
ology of upper mantle eclogite

|6 Paris - world calibration campaigns of rel-
ative and absolute gravity meters

| 7 Gravity measurements in Aswan

|8  Gulf of Suez - gravity and GPS investiga-
tion of onshore faults geodynamic activity

|9 Structural and sea-level history of the Cre-
taceous Western Interior

|10 Geothermal research of the impact struc-
ture Chicxulub

|11 Geodynamics of the Middle America re-
gion

|12 Geodynamics of the Indonesia region

|13 Structural and geodynamics research
in the Gulf of Corinth region using gravi-

metry

|14  Geothermal evidence of recent decay
of permafrost

|15 Investigation of rockbursts in DRIEFON-
TEIN mines

|16 The Kaoko Belt, NW Namibia; field re-
search of tectonic controls of repeated
magmatic activity during formation
of orogenic belts



Deep structure, seismotectonics
and tectonic evolution
at convergent plate margins

—— Subduction of lithospheric plates at con-
vergent plate margins generates the world’s larg-
est and most destructive earthquakes, tsunamis,
volcanic eruptions and igneous provinces; simul-
taneously, regions above subduction zones host
much of the world’s population. Intensive investi-
gation of convergent plate margins thus belongs
to priorities in geosciences all over the world. Our
studies of this exciting phenomenon benefit from
widely accesible sets of global seismo-
logical data - hypocentral determina-
tions 1964-2005 of International Seis-
mological Centre relocated by Engdahl
et al. (1998) and fault plane solutions
1976-present of Harvard seismological
group (HCMTS).

In SE Asia, the spatial analysis
of earthquake foci distribution has been
correlated with sea floor morphology and
available results of GPS measurements
(Spi¢ak et al., 2007a). The analysis revealed the exis-
tence of a distinct strip of earthquakes distributed
along the Java trench, separated by a trench-parallel,
50-150 km wide aseismic link from seismicity belong-
ing to the Wadati-Benioff zone of the recently sub-
ducting slab. We interpret the distinct along-trench
seismicity as a consequence of an onset of a new sub-
duction cycle due to the rapid convergent movement
of the Indo-Australian plate relative to the aseismic
lithospheric link.

—— In Central America, we have attempted
to study the internal tectonic structure of the sub-
ducting Cocos plate analysing aftershock sequenc-
es that occurred in the respective Wadati-Benioff

References:

Spi¢ak A., Hanus V. and Vanék J., 2007a. Earth-
quake occurrence along the Java trench in front
of the onset of the Wadati-Benioff zone: beginning
of a new subduction cycle? Tectonics, 26, TC1005,
doi:10.1029/2005TC001867.

zone (Spi¢ak et al., 2007b). We concluded that
(i) earthquakes of each aftershock sequence are
distributed in a narrow plane-like body; param-
eters of such a plane (azimuth, dip) were found for
each sequence; (i) planes controlling the distribu-
tion of hypocentres of aftershock sequences are
probably inherited planes of weakness that origi-
nated during the development of the lithosphere
of the Cocos plate and are recently activated by

—— Figure1

Tengger Caldera with the Bromo volcano and Simeru
volcano in the background are related to the subduct-
ing slab, the Wadati- Benioff zone of which does not
correlate well with the position of Java trench.

the process of subduction; (iii) fault planes along
which the seismic slip of individual earthquakes
of the aftershock sequences was observed proba-
bly originated in the process of Cocos plate bending
and subduction.

—— |.G. research staff involved:
Ales Spicak, Vaclav Hanus, Jifi Vanék, Marie
Béhounkovad

Spi¢ak A., Hanus V., Vanék J., and Béhounkova,
M., 2007b. Internal tectonic structure of the Central
American Wadati-Benioff zone based on analy-

sis of aftershock sequences. JGR, 112, B09304,
doi:10.1029/2006JB004318




European mantle lithosphere

—— Lithosphere thickness has been modelled
from static terms of relative P residuals evaluated
from data of dense networks of temporary and
permanent stations in several European regions
ranging from the Variscan belt to the Baltic Shield
(Fig. 1, Babuska and Plomerova, 2006; Plomerova
etal., 2008). We also model three-dimensional fab-
rics of the mantle lithosphere by jointinversionand
interpretation of shear-wave splitting parameters
(fastS polarization and time delay of the slow shear
wave) and P residual spheres, showing directional-
ly dependent terms of relative residuals (Vecsey et
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—— Figurea

Models of the lithosphere thickness in central (Babuska and
Plomerovd, 2006) and northern Europe (Plomerova et al.,
2008) bridged across the NW end of the Trans-European
Suture Zone (TESZ). The models are compiled from

data collected in our regional studies. The lithosphere thick-
ens in the Precambrian part of Europe, NE of the TESZ.
Mountain roots of the Western and Eastern Alps, and

the southern Carpathians, as well as lithosphere thinning
in the Pannonian Basin (PB), Rhenish Massif (RM), Po Plain
(PP), volcanic centres in the French Massif Central (MC),
and the Eger Rift in the Bohemian Massif (BM) are distinct
in the Phanerozoic part of Europe, SW of the TESZ.
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al., 2008; Kozlovskaya et al., 2007). Changes in ori-
entation of the large-scale anisotropy, caused by
systematic preferred orientation of olivine, iden-
tify boundaries of domains of mantle lithosphere
(Babuska and Plomerova, 2006; Plomerova et al.,
2006; Plomerova et al., 2007). Depending on sym-
metry and orientation of fabrics of the lithosphere
domains, lateral changes are reflected in either
P-velocity anisotropy and/or shear-wave polariza-
tions (Babuska et al., 2008). Individual domains are
characterized by a consistent large-scale orienta-
tion of anisotropy approximated by hexagonal
or orthorhombic symmetry with generally
inclined symmetry axes. The domains are
separated by mapped tectonic boundaries
(sutures), which cut the entire lithosphere,
but often with an offset relative to surface
traces of their crustal parts (Babuska et al.,
2007). Our findings support a plate-tectonic
view of the continental lithosphere as a mo-
saic of rigid blocks of the mantle lithosphere
with complicated but relatively sharp con-
tact zones (Babuska and Plomerova, 2006;
Plomerova et al., 2008; Vecsey et al., 2007).
These contacts are blurred by the easily de-
formed overlying crust terranes.
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—— Figure 2

Model of the mantle lithosphere along the SW-NE profile
(dot-dashed line in Fig. 1) across the Proterozoic and Archean
parts of the central Fennoscandia. Anisotropic structure

of the mantle lithosphere is approximated by hexagonal ag-
gregates with the high-velocity a axis dipping in the NE azi-
muth (in the Archean), or with the high-velocity (a,c) foliation
plane dipping to the SE (in the Proterozoic) and shown in ve-
locity distributions presented in polar projections of the lower



hemisphere. The velocity distribution results from the joint
inversion of body-wave anisotropic parameters. The alternat-
ing layers of the Archean (A, violet) and Proterozoic (P, green)
ages of mantle xenoliths support the model derived from
seismic anisotropy. For detailed explanation see Plomerova
etal. (2006) and Vecsey et al. (2007).
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Figure 3

Anisotropic models of three domains of the mantle
lithosphere in the western Bohemian Massif and confor-
mity of the observed and synthetic splittings calculated
for aggregates retrieved from inversions of P spheres.
Results of the two independent data sets suggest two
different 3D anisotropic models: one with hexagonal
'slow’ symmetry axis b and divergently dipping (a,c) folia-
tions (Saxothuringian —ST and Moldanubian - MD) and
the other with hexagonal or orthorhombic symmetry with
dipping high-velocity lineation a (Tepla-Barrandian -TBU).
The orientations of the hexagonal b-axis model explain
well directional variations of the splitting within the ST
and MD, while this symmetry fails to explain the splitting
at stations located above the TBU mantle lithosphere. On
the other hand, the hexagonal a-axis model explains much
better the polarizations at the three TBU stations, while it
fails to model the observations at stations in the ST and
MD. Our study emphasizes the importance of combining
different methods of analysis and using complementary
datasets in the three-dimensional analysis of mantle fab-
rics. The dashed lines approximate the TBU mantle domain
boundaries, which are north-westerly shifted (dashed
double arrows) relative to the crustal boundaries of the unit
and indicate and underthrusting of the MD mantle
lithosphere beneath the south-eastern rim of the TBU
(Babuska et al., 2007).

I.G. research staff involved
Vladislav Babuska, Jaroslava Plomerovad, Ludék Vec-
sey, Hana Karousovd
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EMTESZ/CEMES: Crustal
and subcrustal electrical model
of the Transeuropean

Suture Zone

—— TheTrans-European Suture Zone (TESZ) is
the most prominent geological boundary in Eu-
rope, crossing NW-SE through the continent and
exceeding 2000 km in length. The magnetotellu-
ric experiment called EMTESZ (ElectroMagnetic
probing of the TransEuropean Suture Zone), has
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been carried out since 2001 in Pomerania, NW
Poland, as a multinational collaboration project
aimed at constructing, by means of broadband
passive electromagnetic soundings, the electri-
cal image of the entire lithosphere along a tra-
verse running from the Polish Basin to the East
European Craton and crossing the TESZ close
to previously conducted Polonaise seismic sound-
ings. Within the experimental phase of the proj-
ect, more than 100 broadband and long period
magnetotelluric sites have been set up, from
which 25 broadband soundings across the mar-
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gins of the Teisseyre-Tornquist zone have been
provided by the Czech team. The field measure-
ments have been supplemented with long period
observatory data of the CEMES project targeting
at disclosing deep conductivity inhomogeneities
in the upper mantle beneath the TESZ. Within
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a broader complex of interpretation techniques,
we have developed an algorithm for a quasi-3
-D thin sheet inversion of the geomagnetic in-
duction parameters by the stochastic Markov
chain Monte Carlo method. The approach simu-
lates samples from the probability distribution
of the integrated conductivity across the area of
interest, providing thus extended quantitative in-
formation on both the conductance means and
their uncertainties. The inferred conductance
models confirm an essentially two-dimensional,
high conductivity character of the TESZ, with



a stable strike of approximately N60°W, and high
resistivities on the East European Craton and
moderately increased resistivity on the Paleozoic
platform.The models further support the qualita-
tive idea of the TESZ being separated into three
distinctly different units in this region: a resis-

13° 14° 15° 16° 17 18° 19° 20°

tive zone in the center and two conductive ones
on the margins. The dimensionality of the sub-
surface structures is not completely uniform, in-
dicating several distinct anomalies and/or three-
dimensional structures.

—— |.G. research staff involved:
V. Cerv, S. Kovdcikovd, J. Pek

—— Publications:

S. Kovdcikova, V. Cerv and O. Praus :2005, Model-
ling of the conductance distribution at the eastern
margin of the European Hercynides, Studia geoph.
et geod. V. 49/3, 403-421.

H. Brasse, V. Cerv, T. Ernst, W. Jozwiak, L.B.
Pedersen, Iv. M. Varentsov and EMTESZ-Pomera-
nia Working Group: Probing the electrical conduc-
tivity structure of the Trans-European Suture Zone,
EOS, Vol. 87, No. 29, 18 July 2006.

V. Cerv, M. Menvielle and J. Pek: Stochastic Inter-
pretation of Magnetotelluric Data, Comparison

of Methods, Annals of Geophysics, Vol. 50, N.1, 7-19.

—— Figurea

Left - Model of average conductances obtained by

the MCMC inversion of long period induction arrows
and horizontal inter-station geomagnetic transfer func-
tions across the TESZ in Pomerania, NW Poland. Only
cells with 9o% of the Markov chain conductance values
concentrated within one third of a decade are shown.
Middle and right - Fit of the model and experimental
induction arrows, real and imaginary, respectively,
along two basic profiles across the TESZ for the period
0f 1024 s.
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Distribution of seismic activity
In the western part of the
Bohemian Massif and the

possibility of its

—— An uninterrupted sequence of local seis-
mic observations in the earthquake swarm area of
West-Bohemia/Vogtland is available since 1991
thanks to the operation of the Czech seismic net-
works Krasnetand WEBNET. We have extended this

tidal triggering

nates also in terms of the released seismic mo-
ment M, with 86% of the total seismic moment
(1.4 X120 Nm) released between 1991 and 2004.

—— The possibility of tidal triggering of the earth-
quake swarms was tested in the study of Fisch-

data set (Babuska et al., 2007) by the ar-
rival time measurements from the seismic
stations operating on the German territory
to obtain an integral image of the lateral
and depth distribution of seismic activity
in the whole seismoactive area. We have
relocated the earthquakes with the aim
of having an improved control of hypo-
central depth to verify the previous re-
sults indicating the increase of the depth
to the north and west. Before locating all
the events we have refined the 1-D velocity
model to include the effect of newly intro-
duced seismic stations from the northern
part of the area. Fig. 1 shows the result-
ing distribution of hypocenters. The depth
location error was less than +0.65 km
in the central part and less than +2.0 km
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in the periphery of the area. The final loca-
tions, shown in Fig. 1, confirmed the deep-
ening of earthquake foci to the north-

west. The maximum depths of foci change
from less than 12 km in the central Novy
Kostel area to depths of 20 km on a half
way to Plauen (see Fig. 1, profile A-B),
which represents a difference well above
the maximum depth location error.

—— Figure 1 indicates that the overwhelming
majority of earthquakes occurs in the Novy Kostel
area. Taking only ML>1.0 earthquakes for which
the data set is assumed to be complete, one gets
1052 earthquakes in the NK area, which amounts
to 87% of all recorded events. The NK area domi-
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—— Figurea.

Distribution of hypocenters in the West-Bohemia/Vogtland
area in the period 1991-2004. Map of epicenters (a) shows
6262 events in the range of ML magnitudes from -1 to 3.2.
The depth cross-section (b) projects hypocenters in a band 20
km wide along the profile AB.



er et al. (2006). We examined tidal triggering as in-
fluence of tidal stresses to launching the swarm ac-
tivity in relative absence of other stress disturbanc-
es. The onset times of 46 swarms of mostly ML<3
earthquakes that occurred in the period 19912005

of
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The unclear tidal correlation of the swarm seismic-
ity may be interpreted by small amplitudes and
rates of tidal stress changes compared to the am-
plitudes and rates of coseismic stress perturbations
and of pressure bursts of deep generated fluids.
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displayed an increased occurrence near the fort-
nightly maximum of tidal extensive normal stress
(see Fig. 2). The statistical test however did not
prove a statistically significant correlation indicat-
ing a triggering effect of fault extension due to tidal
loading. We also examined tidal effects to the al-
ready running seismic activity of the prominent
2000 swarm by comparing the tidal stress distribu-
tion in the investigated period with the distribution
of tidal stresses in the occurrence times of each
earthquake. The results show that these distribu-
tions are similar, which indicates that individual
earthquakes occur independently of tidal stresses.

14-Oct

21-Oct 28-Oct

—— Figure 2

Time occurrence of the swarm activity (open circles) is
shown for the swarms of 1991 (top) and 2000 (bottom)
in comparison with the course of the tidal normal stress.

—— L.G. research staff involved:
Tomds Fischer, Lumir Skalsky, Vladimir Babuska, Jaro-
slava Plomerovd, J. Horalek, WEBNET network staff.
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Gravity and magnetic investigation
of an implemented Quaternary
volcanic structure in West Bohemia

—— After investigation of a tuff-tephra depos-
it near Mytina (West Bohemia) it was not clear if
the pyroclastic deposits were erupted from an ini-
tial maar beneath the Zelezna hirka Quaternary
scoria cone. It has been suggested that the volcanic
vent might coincide with a morphological depres-
sion (diameter ca. 500 m, depth ca. 50 m) north-
west of Zelezna hirka. To answer this question
we started geophysical surveys in order to check if
the morphological depression exhibits any anoma-
lous features. Gravity and magnetic measurements
were selected as the most suitable techniques, and
applied within a north-south oriented strip of about
1200 m length and 200 m width. Both geophysical
datasets revealed significant anomalies. The gravity
map shows a distinct gravity low of about 2.5 mGal
in the centre of the morphologi-
cal depression. The magnetic

4115542200

Quaternary maar in Central Europe located east
of the classical Eifel maar district in Germany and
north of the Alps. This is significant for geody-
namic investigations of seismotectonic activity
in West Bohemia.

—— 1.G. researchstaff involved:
Jan Mrlina, Michal Seidl, Vaclav Poldk

—— Reference:
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structure at the Czech/German border between My-
tina and Neualbenreuth (western Eger Rift, Central
Europe): geophysical, petrochemical and geochrono-
logical indications. - Z. geol. Wiss., Berlin, 35, 4-5,
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—— The results of geophysical, as well as geo-
chronological and petrochemical investigation,
support our idea that near Mytina a Quaternary
maar is present, as part of a more complex volca-
nic system comparable to the Meerfeld-Mosberg
volcanic system in the Westeifel/Germany, rather
thanjustthesingle little scoria cone of the Zelezna
hdrka itself. The Mytina maar would be the first
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—— Figurea

Magnetic and gravity maps with observation points loca-
tion on an aerial photograph. Position of anomalies is clear
in relation to the morphological depression covered by
forest in the central part of the area. Sampling locations 1
and 2 (blue cubes) correspond to tephra (volcanic bombs).
Approximate extent of tephra cover, based on aerial pho-
tographs and field reconnaissance, is marked by blue lines.



Oriented microporosity and its
relation to elastic properties
and permeabillity

—— Every rock contains some amount of pores
or open cracks, which strongly influences petro-
physical properties of rocks. Unlike meso- or
macroscopic brittle structures, the direct analy-
sis of such small-size discontinuities is difficult
because it requires a 3D geometric description
at microscale. However, some specific physi-
cal features of rocks are closely linked to pores.
The aim of our research is to establish the rela-
tionship between the pore space geometry, per-
meability anisotropy, microstructure and meso-
structure of several rock types. Asafirst stepinour
research, the origin and spatial orientation of mi-
croporosity in two eclogites with different micro-
structures were studied by 1) quantitative and
qualitative microstructur-
al analysis of grains and
grain boundaries, 2) mea-
surement of lattice pre-
ferred orientation (SEM-
EBSD) and 3) experimen-
tal measurement of ve-
locity of elastic P-waves
in spherical samples. Re-
sults show good correla-
tion between the elastic
properties and the orien-
tation of grain boundar-
ies and cleavage planes
in clinopyroxene (Machek
et. al,, 2007). The magnitude and anisotropy
of velocity change with confining pressure shows
that microporosity in the fine-grained sample is
relatively large and strongly preferentially ori-
ented, whereas it is significantly lower and less
preferentially oriented in the coarse-grained
sample. From velocity changes we can deduce
that the grain size of the rock forming miner-
als controls the amount of microporosity. Also,
the orientation of microporosity depends mostly

on preferred orientation of grain boundaries and
somewhat less on the orientation of cleavage
planes. Grain boundaries are therefore the most
important contributors to the bulk microporosity
in the studied rocks.

—— |.G. research staff involved:
M. Machek, P. Spacek, S. Ulrich

—— References:

Machek, M., Spaéek, P., Ulrich, S. and Heidelbach, F.,
2007. Origin and orientation of microporosity

in eclogites of different microstructure studied by
ultrasound and microfabric analysis. Engineering
Geology, 89,3-4, 266-277

—— Figurea

Photomicrographs of eclogite samples and relation
between results obtained by 3 independent methods
used to characterize the microstructure. Stereodia-
grams of P-wave velocity differences are showing
preferred orientation of microporosity. Cleavage
planes and grain boundaries are microstructural pla-
nar features along which open space is most likely
present in eclogites. (a) fine-grained eclogite and (b)
coarse-grained eclogite.
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Assessing rates of subsidence,
sediment supply and

eustatic sea-level change

INn a transtensional basin fill
using sequence stratigraphy

—— Basin fills record complex interactions be-
tween tectonic subsidence, eustasy, sediment
supply, basin margin physiography, and compac-
tion. In spite of the optimism of early sequence
stratigraphic models, interpreting the above con-
trolling parameters from the sedimentary record
remains a challenge. An analysis of stratigraphic
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—— Figurea

Example of high-resolution correlation of gamma-ray
(GR) and resistivity (RES) well logs of Turonian-age
genetic sequences in the Bohemian Cretaceous Basin.
Each correlation line in the diagram is an interpreted
transgressive surface (surface formed during increase
in water depth caused by relative sea-level rise). The
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architecture in three dimensions, utilizing both
subsurface and outcrop data, with time control
and a comparison to independent data on extra-
basinal controls, can, however, significantly nar-
row the range of possible scenarios. The Bohemi-
an Cretaceous Basin combines features of a shal-
low-water (mostly <100 m) epicontinental seaway
formed during a global transgression with those
of a tectonically active, transtensional setting.
The basin formed under greenhouse climate and
was affected by strong axial currents. Dense well-
log coverage combined with locally high-quality
exposures and biostratigraphic control make it
possible to examine in detail the interplay of pa-
rameters that controlled the basin filling.

—— Sand-dominated deltas formed sequences
at several spatial scales that reflect nested trans-
gressive-regressive cycles with durations ranging
from tens of kyr to millions of years. Prograda-
tion directions and distances, thicknesses and
internal geometry of the individual sequences
were controlled primarily by intrabasinal faulting,
basin-scale changes in subsidence rate, eustatic
fluctuations and localized bathymetric changes
due to successive filling of the basin. Along-strike
change in sediment input from different parts
of the source area and a short-lived uplift of a sec-
ondary clastic source provided additional controls
on the sequence geometry. Long-term stacking

large-scale sequences TUR 1-6 represent stacks of pro-
grading deltaic and/or shoreface clastic wedges, sepa-
rated by major transgressive surfaces. Colour infills

in indicate sandstone bodies, except blue and green
tones representing fine-grained hemipelagic rocks.
Unfilled space in the diagram represents fine-grained
offhore clastics.



patterns as well as rough estimates of decompact-
ed thickness vs. sequence duration suggest that
long-term accommodation rates were low (<8om.
Ma™) during the Early to Middle Turonian, with
minor intrabasinal faulting, but became succes-

total thickness (m)
saquences TUR 1-3

array of ablique-slip faults
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antithetic
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sively accelerated in the Late Turonian and Early
Coniacian, up to 200-300 m.Ma™. A significant part
of this acceleration was caused by increased sub-
sidence rate accompanied by structural partition-
ing of the depocentre and partly compensated by
increased sediment input rates. This event prob-
ably reflected an increase in regional strain rate
in Central Europe. In several cases, evidence for
short-term (100-kyr scale) forced regressions, in-
dependent of basinal structural activity, suggests
small-scale eustatic falls at rates which, as pres-
ently understood, can not be explained other than
by a glacio-eustatic mechanism.

—— Figure 2

Top: isopach map showing the cummulative thick-
ness of sequences TUR 1-3, compared with positions

of the main fault zones. Note that the main accummu-
lation of clastics fills a depocentre defined by the Labe-
Zelezné Hory Fault Zone and the antithetic Jizera Fault
Zone. Bottom: interpretation of the depocentre forma-
tion during this time due to interaction of the synthetic
and antithetic oblique-slip faults of the Elbe Line and
the Blanice-Rodl line. Interpreted prevailing orientation
of the principal horizontal stress during the Turonian is
shown.

—— |.G. research staff involved:
D. Uli¢ny, J. Laurin

—— Reference:

Uli¢ny, D., Laurin, J., and Cech, S., 20 Controls

on clastic sequence geometries in a shallow-marine,
transtensional basin: the Bohemian Cretaceous
Basin, Czech Republic. In revision, Sedimentology.
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Processes of magma emplacement
and related fabric development

—— Kinematics and dynamics of magma as-
cent and emplacement can be deduced from
the final magmatic fabrics and structures around
magmatic bodies. Magmatic fabric pattern can
provide crucial information about the internal
magmatic processes, their timing relationships,
mechanical coupling between magmatic pro-
cesses and regional tectonics.

—— Our research is focused on detailed study
of internal fabrics of various magmatic bodies (e.g.
lava domes, laccoliths and plutonic bodies) and in-
volves field-oriented structural geology and ana-
logue modelling, which is combined with petrologic,
geochemical, and numerical studies. The following
two chapters represent our new data from the field
structural studies and analogue modelling approach.

1. Analogue modeling using AMS - Internal fabric development during em-

placement of lava domes

—— Analogue modeling is an important ap-
proach in geosciences that helps understanding
of the mechanisms that contribute to the gener-
ation of finally observed structures. Internal flow/
deformation pattern in analogue models of sim-
ple extrusions was investigated by means of AMS
(anisotropy of magnetic susceptibility) fabrics.
—— In the first series of experiments, a simple
manual squeezer was used to mobilize the weak
plaster to vertically rise. In this way a columnar —
"diapiriclike” body supported bysurroundingsand
was formed (Kratinova et al., 2006; Kratinova,
2007). Magnetite dust homogenously admixed
into weak plaster gener-
ates AMS signal that can
be measured from drilled
cores after the models so-
lidify. In the second series
of experiments, scaled
analogue modeling using
hydraulic squeezer was
used to evaluate the fabric
development in lava extrusions (Zavada, 2007).
Models of plaster extrusions well correspond
in evolution to natural domes built of lavas with
different crystal content like crystal rich dacites
of Mt. Unzen or Mt. St. Helens. Their internal
fabrics are also consistent with fabric pattern
in one particular trachyte extrusion in the Ceské
Stfedohofi Mts. (Zavada, 2007).
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—— Figurea

Experimental extrusion. The orientation of magnetic
lineations indicate the flow direction (arrows show
plunge direction, contours its inclination).



2. Magmatic fabric development and overprints in granites

—— Granite magmatism represents an impor-
tant geological process that drives heat and mass
transfer in the crust, controls crustal rheology
and regional deformation. Recent projects are
focused on detailed study of magmatic fabrics
in Zapadokrusnohorsky granite pluton in Bohe-
mian massif and on granites in Vosges Mountains
(Kratinova, 2007).

—— Three successive granites in the Vosges
Mountains emplaced along major regional shear
zonewerestudied by structuralanal-
ysis, microstructural, geochronolog-
ical and numerical methods. A new
model of emplacement of granite
sheets (the Thannenkirch, Bréz-
ouard and Bilstein granites) in tran-
stensional setting (Kratinova et al.,
2007) has been presented on the ba-
sis of the detailed AMS (anisotropy
of magnetic susceptibility) fabrics.
The study shows that the emplace-
ment of successive granites was
controlled by the pre-extensional
syn-convergent orogenic structure
and that the deformation was high-
ly partitioned leading to the devel-
opment of zones of margin-parallel
wrench-dominated fabrics and ex-
tension-parallel pure shear-dominated fabrics.
Detailed microstructural analysis based on EBSD
(electron back-scattered diffraction) and mi-
crostructural observations, complemented by
the new geochronological data of the Thannen-
kirch granite and thermal modeling discusses
the development of asymmetrical cooling his-
tory, direction of successive emplacement and
asymmetrical evolution of the fabric pattern.

—— References

Kratinova, Z., Schulmann, K., Edel, J.B., Jezek, J.,
Schaltegger, U., 2007. Model of successive granite
sheet emplacement in transtensional setting: inte-
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—— Figure 2

The interpretative 3D block-diagrams showing the evo-
lution of internal fabrics in the successive emplace-
ment of three granite sheets in the Vosges Mountains.
The upper diagram documents the temperature
evolution of exhumed crustal zone immediately after
the emplacement of the third granite. “LT reactivation
designates “low-tempertature reactivation.”

”
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Non-double-couple mechanisms
In INduced seismicity: mining
and oil & gas industry

—— The traditional assumption about a seismic
source as a double couple (DC) can represent a seri-
ous limitation for describing mechanisms of seismic
events induced by mining and hydro-fracture ex-
periments in oil and gas industry, as well as during
fluid injection into geothermal wells. In mining con-
ditions (i), more general process than a shear slip
can occur due to stress concentration on mined-out
areas. During injection experiments (ii), the envi-
rons of the well is fractured by the pressurized fluid
and tensile cracks can be created.

—— (i) We processed P and S amplitudes from
five seismic events recorded at Driefontein gold
mine in South Africa (Sileny & Milev 2007). All
events display non-DC mechanisms, which are sig-
nificant at 95% considering the errors in the data.
The source mechanisms are in agreement with
the underground mining and geological structures.
Event 5 has a sub-vertical pressure single dipole
complemented by an implosion, which is the body

resentative microearthquakes to investigate source
mechanisms of seismic activity in the Carthage
Cotton Valley, Texas, gas field. With vertical arrays
of four and eight geophones in two monitoring
wells, respectively, we were able to reliably deter-
mine source mechanisms of the strongest events
with the best signal-to-noise ratio. Our analysis in-
dicates predominantly non-double-couple source
mechanisms with positive volumetric component
consistent with opening cracks oriented close
to expected hydraulic fracture orientation. Our
observations suggest the induced events are di-
rectly the result of opening cracks by fluid injection,
in contrast to previous studies where the seismicity
is interpreted to be primarily shearing caused by
pore-pressure diffusion into the surrounding rock
or associated with shear stresses created at the hy-
draulic fracture tip (Sileny et al. 2007).

—— Microseismic monitoring datasets are fre-
quently limited to a single array of geophones

force equivalent of a collapsing horizon-
tal crack or a burst of a pillar supporting
the hanging-wall of a mined-out area.
Events 1 and 3 are close to a pressure
single couple. All three events are lo-
cated on pillars. Event 4 is mostly DC
accompanied by a compensated com-
pressive dipole, which may be associat-
ed to nearly vertical dip-slip along a fault
inthe hanging-wall. This event is located
on the margin of a wide pillar, which sup-
ports the interpretation.

—— (ii) Hydro-fracture experiments
are a tool for revitalizing wells in oil and
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gas industry and increasing the produc-

tion. They induce seismic activity in the vicinity
of the well, which can be advantageously used for
mapping the advance of the fracturing and reveal-
ing its type. Following the latter goal, we have in-
verted polarity and amplitude information of rep-
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—— Figurea

Mechanisms of five seismic events from Driefontein gold
mine, S.Affrica, in wireframe plot of P-radiation pattern
(red— compressions, blue — dilatations) on the background
of the mine map (red lines — margins of the excavated
patches, green—tectonic lines in the site)



in a borehole. If this borehole is vertical and the me-
dium is laterally homogeneous then seismic waves
arrive along a single-azimuth from source to all
receivers. In this case, VavryCuk (2007) showed
that the dipole perpendicular to the plane of sta-
tions and the hypocenter cannot be resolved. Thus,
moment tensor inversion for all six components
of the general source mechanism is underdeter-
mined. A solution of this problem is to invert only
for the moment tensor components which are con-
strained by the observed data (Jechumtalova and
Eisner 2007). It can be done in coordinates based
in the plane of the receivers and the hypocenter.
Then, the class of source mechanisms correspond-
ing to the data is constructed by combining the 5
constrained MT components with an arbitrary val-
ue of the 6th one. We tested this method on a syn-
thetic dataset (Fig. 3). As input data we used source
model of crack opening along the east-west direc-

—— Figure 2

Characteristic mechanism at one of the clusters of seismic
events induced by injecting the water into the production
well. It is dominated by a sub-horizontal tensile dipole
striking SSE-NNW, i.e. roughly perpendicularly to a local
branch of the mostly linear locus of the micro-earthquake
hypocenters mapping the direction of maximum horizon-
tal stress in the zone. It indicates a tensile fracture open-
ing against the minimum compression. Left — P-radiation
pattern (green area — compressions) in equal-area projec-
tion of the focal sphere, right — the same as a wire-frame
plot (red — compressions, blue — dilatations), center— Rie-
desel & Jordan display of the moment tensor (MT) decom-
position into the isotropic part (ISO), double-couple (DC)
and compensated linear vector dipole (CLVD) together
with confidence zones of the principal axesT, N and P, and
the confidence zone of the MT decomposition.

—— Figure 3

Test of source mechanism inversion in a single vertical
borehole. Upper left plot represents radiation patern
of crack opening in the east-west direction — the input
model. Upper right plot represents all possible fault
plane orientations fitting all seismic data with exactly
the same misfit. Lower plots represent two possible
inversion results.

tion. This test demonstrates that crack-opening
seismic event recorded by a single vertical array can
be misinterpreted as a pure-shear seismic event.
Moreover, neither its orientation is well constrained
(upper right plot in Fig. 3). It indicates that best fit-
ting a-priori assumed shear mechanism inverted by
using a single vertical array can provide misleading
information.

—— L.G. research staff involved:
Jan Sileny, Viéclav Vavrycuk, Zuzana Jechumtdlovd
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Anisotropy as an origin of
non-double-couple focal
mechanisms of earthquakes

at the KTB superdeep borehole

—— Moment tensors of microearthquakes in-
duced during the 2000 injection experiment

the source tensors, the distribution of ISO is sig-
nificantly narrowed. This indicates predominantly

at the KTB deep drilling borehole in Germany con-
tain significant non-double-couple
components. The double-couple (DC)
is on average 60% and the non-double-
couple (non-DQ) is 40%. The non-DC
components contain both the isotropic
(ISO) and compensated linear vector
dipole (CLVD) components. The mean
value of I1SO is 1.5%, the mean value
of CLVD is -5.7%. The predominantly negative CLVD
components are inconsistent with the concept
of the non-DC mechanisms as a result of tensile
faulting due to fluid injection into the rock.

—— The main origin of the non-DC compo-
nents is probably anisotropy in the focal area.
Theoretical analysis reveals that focal mecha-
nisms in anisotropic media are more complicated
than in isotropic media: shear faulting produces
DC mechanism in isotropy, but generally non-DC
mechanismin anisotropy. The non-DC mechanism
can comprise both the ISO and CLVD components.
The amount of the ISO and CLVD components
depends on strength and symmetry of anisot-
ropy and on the orientation of faulting. Adopting
four alternative models of anisotropy obtained by
other seismic measurements at the KTB, we have
employed the non-DC components for estimating
an optimum orientation of anisotropy in the fo-
cal area. The optimum orientation of the sym-
metry plane of anisotropy is nearly vertical with
a strike of N335°-340°E. This strike coincides well
with the strike of 330° typical for many major
lithological units and faults and with the orienta-
tion of the transversely isotropic model inferred
by other authors. After removing the anisotropy
effects from the moment tensors by calculating
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shear, but not tensile faulting.

—— Figurea

An example of an extensive mechanism with positive
ISO and CLVD components: (a) the optimum fault-plane
solution, (b) the distribution of 100 solutions (blue dots)
and the optimum solution (red dot) in the Riedesel-Jor-
dan projection, and (c) the P-wave radiation function for
the optimum solution. The green area in plot (a) marks
the zone of compressions. The principal axes are marked
by red triangles. The solid/open triangles mark stations
with the P-wave dilatation/compression. Clustering

of solutions (blue dots) in plot (b) testifies the stability
of the solution. The plus and minus signs define the po-
larity of the radiated P wave amplitude.
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Geothermal research of
the impact structure Chicxulub

—— The geothermal research of the Chicxulub
impact structure on the Yucatan Peninsula, Mexico,
included repeated temperature logs of the 1.5 km
deep borehole Yaxcopoil-1, which were done o0.3-
0.8, 15, 24, 34 and 5o months after shut-in of drill-
ing operations. A gradual distortion of the linear
temperature profile by a cold wave of 0.8-1.6 °C
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amplitude was detected propagating downward
from 145 m to 317 m within the observational pe-
riod of 5o months. The analysis of the logs helped
us to formulate a hypothesis that the transient
features of the temperature — depth profiles are re-
lated to downward migration of drilling mud, which
escaped during the drilling of the borehole into
the surrounding, strongly karstified rock. The ther-
mal effects of the migrating fluid were evaluated by
solving numerically the heat conduction-convection
equation in appropriate geothermal models (Fig.1).
—— The model of the drilling mud migrating as
an isolated big drop turned out to be quite feasible
and its parameters to be constrained well by the ob-
served temperature logs. Namely: (i) the vertical ex-
tent of the downward migrating fluid body is about
10 m, maybe increasing within the observational
period of 33 months by a factor of 2, (ii) the horizon-

tal extent of the body must be at least 5—10m,
i.e. by order(s) of magnitude larger than diameter
of the borehole, (iii) the average speed of the mi-
gration is about 5 m/month and (iv) the fluid must
migrate through a highly porous rock (70% - 80%
porosity or more). This high porosity implies very
high effective permeability of the subsurface, which
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poses a high danger of contamination of the thin
freshwater aquifer, the sole-source of freshwater
for the Yucatan region, by human activities.

—— Figurea

Two conceptual models of the downward drilling fluid
migration considered in the simulations of the temporal
changes of temperature observed in borehole Yaxcopoil-1.

—— |L.G. research staff involved:
Jan Safanda, Vladimir Cermak
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High-resolution temperature
monitoring in a borehole

—— Thermal convection of fluid under differ-
ent boundary conditions is an important physi-
cal problem in a variety of contexts. It has been
extensively studied, both theoretically as well as
in laboratory, in the field of nonlinear dynamics.
Temperature data obtained in boreholes may
suitably serve as critical input to many fields
of engineering, exploration, and research. Except
of large scale environmental signals borehole
temperature logs may contain also finer signals
associated with e.g. the heat transfer in a com-
positionally and structurally heterogeneous sub-
surface as well as with small scale convection
in a water filled borehole.

dients and large fluctuations over all observed
time intervals (Cermak et al., 2007a,c), which
were interpreted as an "oscillatory” convection
occurring due to instability within the horizon-
tal boundary layers between the individual con-
vectional cells (Cermék et al., 2007b). Tempera-
ture-time series showed a complex apparently
random oscillation pattern with amplitude of up
too.025K.Irreqgulartemperature variations char-
acterized by larger oscillations may alternate
with relatively “quiet” intervals. The character
of the oscillation may vary both in depth as well
as in time and the transition between two dis-
tinct regimes may be sudden. Statistical analy-
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—— To detect the existence of borehole con-
vection, we focused on a high resolution temper-
ature monitoring in the Spofilov hole. The hole
(located on the campus of the Institute of Geo-
physics, Prague) was drilled in the early nineties,
it is 150 m deep, 10 cm in diameter, penetrated
consolidated sediments and is equipped by
a plastic tube (5 cm in diameter) to prevent any
disturbances due to ground water movement.
Mean temperature gradient is 0.0192 mK/m.
Several monitoring experiments were per-
formed since 2004. All displayed intermittent,
non-periodic oscillations of temperature of up
to several hundredth of degree with sharp gra-
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sis suggested the existence of a quasi-periodic
intra-hole oscillatory convection. The convec-
tion has two-frequency structure, when short
period oscillation of about 10 to 30 minutes are
superposed on longer variations of up to several
hours (Cermak et al., 2007a). At certain condi-
tions, so far not fully understood, the convection
may practically stop; the temperature remains
within 0.001-0.002 K for a period of several days
when the convection suddenly resumes.

—— The process of intra-hole convection, re-
sponsible for the fine scale temperature varia-
tions, can be discriminated as a generally deter-
ministic process. This process operates on rela-



tively short time scales with the characteris-
tic times varying from a few seconds to days.
In the presence of geothermal gradient the rela-
tively heavier cold fluid located above warmer
and lighter fluid is forced to move downwards,
the release of potential energy provides kinetic
energy for the motion and the system becomes
unstable. This instability is opposed by the fric-
tional action of the fluid viscosity and thermal
conductivity tends to equalize the tempera-
ture difference between the rising warmer and
the sinking colder water masses. The motion
thus occurs only when the destabilizing effect

PART 2

of the temperature difference is strong enough
to overcome these obstacles.

—— The use of formal statistical methods to in-
terpret and describe the results of borehole moni-
toring together with its visualization can help
to better understand the dynamics of this pro-
cess. Together with traditional methods, such as
Fourier analysis, the recently introduced powerful
methods such as recurrence plot (RP) and/or lo-
cal growth of the second movement (LGSM) were
used (Cermak et al., 2007b,¢) to better detect very
subtle patterns in time series that can be spotted
on a classical visualization scheme (Figure 1)
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—— Figurea
Example of a high-resolution temperature map-

ping performed at the depth interval 85 to 115 m

in the Spofilov hole. Two “one-day” time spans are
shown to demonstrate the relatively quiet (right) and
the relatively “noisy” (left) temperature regime. Isolines
are labelled in K.
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Repeated temperature logs
from Czech, Slovenian and
Portuguese borehole climate

observatories

—— The repeated temperature logs carried out
within 6 boreholes at the sites of the Czech, Slove-
nian and Portuguese borehole climate observatories
and their surroundings within a time span of 8 — 20
years (1985 — 2005) revealed subsurface warming
in all the boreholes amounting to 0.2 — 0.6 °C below
20 m depth. The compatibility of the observed tem-
poral changes of subsurface temperature with sur-
face airtemperature (SAT) series measured in Prague
(since 1771), Ljubljana (since 1851) and Lisbon (since
1856) was checked by comparing repeated tempera-
ture logs with synthetic profiles that were calculated
using SAT series as forcing functions. Both the ob-
served and the synthetic differences reveal a warm-
ing, but the degree of quantitative agreement varies
appreciably. In the Portuguese and the Czech bore-
holes the synthetic difference approximates the ob-
served difference quite well below the depth of 40—
5o m. By contrast, in Slovenian boreholesV-8/86 Ma-
lence and V-7/85 Topli¢nik, the synthetic difference is
larger that the observed difference. Relatively good
agreement between the two differences appears
in the remaining two Slovenian boreholes 5T-1/85
Statenberg and BR-1/86 Brdo. The largest difference
was observed at the Czech observatory, 0.6°C at 20
m (warming rate of 0.050 °C/yr) (Fig.1), which is two
times more than the simulated difference suggests.
Therefore, it could be that subsurface temperature
at the station is influenced by new structures built
within the campus of the Institute of Geophysics
within the last 10 — 20 years and/or by other compo-
nents of infrastructure (asphalt roads, a playground
etc.) built 40-50 years ago. This suspicion is support-
ed by an otherwise good correspondence of the two
differences at depths below 5o m. We carried out
a quantitative analysis of these effects by solving
numerically the heat conduction equation in a three
dimensional geothermal model of the borehole site.
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It turned out that the anthropogenic structures influ-
ence the temperature in the borehole quite strongly.
Their warming effect in the uppermost 40 mis nearly
as large as the warming due to increasing SAT. This
fact explains very well the discrepancy between
the GST and SAT warming rates in the last decades.
It also means that the coupling between the air and
ground temperatures is quite strong at this site.
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—— Figurea

Long-term subsurface warming observed by repeated
temperature logs of borehole GFU-1 in Prague.
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Environmental magnetism
on regional scale

—— We have finished complex research ues within the Park are associated with the tourist
of imissions on regional scale over the territory  centers of Harrachov, Spindlerdv Mlyn and Pec pod
of the KrkonoSe Mts. National Park which belongs  SnéZkou. In these cases, local sources of pollution
lessT are responsible for the enhanced topsoil
1w  susceptibility. Although the magnetic sus-
!120 ceptibility in these areas is very high, these

k[e-581
- ~ 110

|, anomalies do not extend far away, are
- well bordered and are not interconnected.
These results can be interpreted as fol-
', lows: one of the possible pollution sources,
| t»  long-distance transport of pollutants, af-
fects mainly topsoils in the western part
Ezo of the region. In addition, soil contamina-

" tion from local sources of pollution within
the National Park is very important.

—— Figure1 ——  We found moderate correlation between

Spatial distribution of topsoil magnetic susceptibility magnetic susceptibility of topsoils and concentra-

over the area of the Giant Mts. National Park tions of Pb. Therefore, in this specific case, fast and
low-cost magnetic mapping can be used as approxi-

to regions within the Czech Republic characterized =~ mate method for monitoring the contents of Pb

by relatively low levels of atmospheric fallout. Based  in topsoils in this area.

on measurements of magnetic susceptibility of top- ~ —— Our results represent the first complex infor-

soils, detailed magnetic map for the whole region  mation about the distribution of atmospherically

was compiled. Magnetic mapping is based on our  deposited dust particles and may serve as a start-

previous laboratory studies of magnetic and miner-  ing point for the design of future monitoring system

alogic parameters of a large set of vertical soil pro-  in this region.

files from this region (Kapicka et al., 2003).

—— Spatial distribution of topsoil volume mag- —— |.G.research staff involved
netic susceptibility is shown in Fig. 1, with the values ~ A. Kapicka, E. Petrovsky, H. Fialovd
ranging from 1.2 x 1075 Sl to 95.5 x 1075 SI. Distribu- —— References

tion of all values, representing 462 measuredsites, is ~ Kapicka, A., Jordanova, N., Petrovsky, E., Podraz-
close to log-normal. For the major part of the stud- sky, V., 2003. Magnetic study of weakly contami-

. . nated forest soils. Water, Air and Soil Pollution, 148
ied area, relatively low values from the range (1-4), 3144

of 20 - 25 x 107 Sl were typically found. Kapicka, A., Petrovsky, E., Fialova, H., Podrazsky,
——  Consistently enhanced values of magnetic V. and Dvorik, I., 2008. High resolution mapping
susceptibility were observed on the southern and  of anthropogenic pollution in the Giant Mountains

south-western margin of the Park, where several National Park using soil magnetometry. Studia Geo-

administrative centers are located. Extreme val- P/Yeica et Geodaetica (in press)
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Inverse problems in geophysics
solved using artifical neural

networks

—— Theaimof the projectisto develop anewal-
gorithm for the solution of complex inverse prob-
lems. Most of the geophysical inverse problems
are difficult tasks, encumbered by the non-linear-
ity of the underlying theory and non-uniqueness
of the solution, often involving high-dimensional
data and/or model spaces, and based on com-
putationally complex, often iterative, and highly
time-consuming forward modeling procedures

Inversion of MT measurements
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—— Figurea

Example documenting computations of the seismic
moment tensor (MT) inversion. Convergence curves
of 10-times repeated MT inversions of synthesized
error-free data using ANNO and DE optimizers, and
results of real MT inversions (right). Both results are
nearly identical (see the two beach balls), but ANNO
solution has been achieved much faster.

that have to be carried out repeatedly within an
inversion run. For coping effectively with as many
of those aspects as possible development of new
and efficient tools for the inversion of geophysical
data is still in great demand.

—— The goal of the present project is to elabo-
rate, test and implement the ANNO (Artificial
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Neural Network Optimization) algorithm. The key
element of ANNO is an artificial neural network
employed as an universal interpolating engine ap-
plicable to an arbitrary irregular network of nodes
and to the space of arbitrary dimension.

—— ANNO is based on the traditional con-
cept of data (d) and model (p) spaces related by
a forward modeling operator, d = F(p). Within
ANNO, the unknown inverse mapping p = G(d),
G = F?, is approxi-
mated  numerically
by means of a neu-
ral network that is
trained to respond,
if excited with mea-
sured data, with ap-
propriate parameters
in the model space.
Though the choice
of the particular ap-
proximating  neural
network is not unique,
within the ANNO al-
gorithm the network
composed of radial
basis functions is preferred because of their simple
topology and easy learning. ANNO is operating it-
eratively on a population of individuals, a single
individual being any associated model-data pair.
The entire population at the current iteration is
used for on-line re-learning the neural network.
A relatively sparse initial population is gener-
ated randomly throughout the search space.
In each successive iteration, new individuals are
generated by using the current neural network,
and, additionally, the population is adapted ac-
cording to specific rules so that the precision
of the interpolation is enhanced. In this way,
the population becomes more concentrated
in domains closer to the solution, the accuracy



of the approximation by the neural network
increases, and estimates of the solution im-
prove with the number of iterations. The best
model from the final population is considered
a candidate solution to the inverse problem.
—— The ANNO algorithm has been both tested
on synthetic problems (Malek et al. 2007) and ap-
plied to invert the travel times for an optimum
velocity model (ROZek et al. 2007a) as well as to in-
vert the relative P/SH amplitudes for components
of the seismic moment tensor (Rdzek et al. 2007b).
Comparison of the results with those obtained by
other optimization approaches shows that ANNO
is an efficient and robust algorithm.

—— The ANNO projectis supported by the Grant
Agency of the AS CR, contract No. IAA200120701.
As a part of the project, a multi-platform imple-
mentation of ANNO is considered and a detailed
documentation will be provided. Free, non-re-

stricted use of the algorithm by researchers and
engineers from both science and industry will be
made possible.

—— |.G. research staff involved:
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Seismic waves propagating in the Earth's
interior are affected by anisotropy and attenua-
tion. It is, therefore, important to study the effects

Seismic anisotropy in the Earth is often
weak (this explains success of seismic studies
based on assumption of isotropy of the Earth'’s
interior), therefore, it is desirable to develop
efficient methods for the computation of seis-
mic wave fields in inhomogeneous, weakly
anisotropic structures. Combination of the stan-
dard ray method with the perturbation theory,
in which deviations of anisotropy from isotropy
are considered to be the first-order quantities
is such a method. Basic idea of the approach
is substitution of the exact expressions in ray-
tracing and dynamic ray-tracing equations and
the Green function by their approximate, first-
order counterparts. This has several important
consequences. In most practical applications,

Wave propagation in viscoelastic aniso-
tropic media differs in many aspects from
wave propagation in perfectly elastic media or
from viscoelastic isotropic media, see Cerveny
& PSencik (20063, b; 20083, b). In an isotropic
dissipative medium, the attenuation properties
of rocks are usually specified by the quality fac-
tor Q, which is a dimensionless, direction-inde-
pendent, real-valued, scalar quantity. A similar,
scalar, but direction-dependent quality factor
Q can also be derived for anisotropic dissipa-
tive media. Cerveny & P3encik (2008a, b) pro-
pose for weakly inhomogeneous plane waves
propagating in arbitrarily anisotropic, weakly
dissipative media, a simple approximate for-
mula, which is independent of inhomogene-
ity of considered wave. It may be thus used as
convenient measure of dissipative properties
of rocks.

of anisotropy and attenuation on seismic wave
propagation in realistic structures.

the method yields results of sufficient accuracy
with considerably improved efficiency and low-
ered demands for computer memory. The ray-
tracing and dynamic ray-tracing equations
simplify considerably. For higher-symmetry
media, they differ only slightly from those for
isotropic media (they thus allow their simple
and straightforward substitution in existing
codes). The method takes into account coupling
of the two S waves propagating in anisotropic
media. If anisotropy vanishes, all equations re-
duce to standard, exact ray-tracing and dynam-
ic ray-tracing equations, and to the standard
ray-theory Green function for isotropic media.
For details see PSencik & Farra (2005, 2007) and
Farra & Psencik (2008).

Numerical example illustrates behaviour
of the Q* in a model of a Tl, weakly dissipative
sedimentary rock. Fig.1 shows plots of Q* as
a function of the ray angle (direction of energy
flux). Red corresponds to P wave, blue to both
S waves. The egg-shaped curve corresponds
to the SH wave, the internal curve with loops
corresponds to SV wave. S-wave attenuation
is generally larger than P-wave attenuation;
compare the scales of P- and S-wave plots.
The most remarkable phenomenon in Fig. 1
are the smooth inner loops on the SV-wave
curve in the S-wave diagram. The loops are
situated exactly at the ray angles of outer
loops of the SV-wave energy-velocity curves.
At the loops, the values of Q* attain minimum
values. Consequently, the attenuation of SV
waves is minimum in regions of the loops,
which are regions of high amplitudes.



Asymptotic Green function in viscoelastic anisotropic media

—— The asymptotic Green'’s function in vis-
coelastic media is formally similar to that in elas-
tic media, but its computation is more involved.
The stationary slowness vector is, in general, com-
plex valued and inhomogeneous. Its computation
involves finding two independent real-valued unit
vectors which specify the directions of its real and
imaginary parts and can be done either by itera-
tions or by solving a system of coupled polynomial
equations. When the stationary slowness direction
is found, all quantities appearing in the Green's func-
tion such as the slowness vector, polarization vector,
phase and energy velocities and principal curvatures
of the slowness surface can readily be calculated.
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Figure 1

Inverse value of the quality factor Q as a function

of the ray angle. P wave (red) and S waves (blue)

in a plane of symmetry of a Tl medium. Note the inner
smooth loops on the curve corresponding to the SV wave.
The loops correspond to the lowest attenuation.

Figure 2

The real part of the G,; component of the exact (sol-
id line) and asymptotic (dashed line) P-wave Green
function in Carbon/epoxy composite. The Green
functions are for a ray deviating from the vertical by
angle 6 = 30° and 6 = 60°. The distance is normalized

to VayR/ w .The Green function is in 10° m/s.

—— The formula for the asymptotic Green'’s
function was numerically checked against
closed-form solutions for isotropic and simple
anisotropic, elastic and viscoelastic models, see
Fig.2. The computation of the P-wave Green’s
function in two realistic materials with a rather
strong anisotropy and absorption indicates that
the asymptotic Green’s function is accurate
at distances greater than several wavelengths
from the source. The error in the modulus reach-
es at most 4% at distances greater than 15 wave-
lengths from the source. For more details see
Vavrycuk (20073, b).

—— |.G. research staff involved:
Ivan PSencik, Vaclav Vavrycuk
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Stochastic sampling for the
Inversion of magnetotelluric
and geomagnetic induction data

—— Bayesian sampling approaches, based
on assimilating the prior model information and
the experimental data available, aim at providing
estimates of both the model parameters and their
uncertainties by generating model samples dis-
tributed according to the true posterior probability
of the model parameters conditioned on the data.
Though still computationally very demanding
in most of the cases, the Bayesian sampling by
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the Monte Carlo method with Markov chains
(MCMC) has recently become feasible for sev-
eral model classes commonly used in interpreting
data of practical electromagnetic depth sound-
ings. We have developed and practically tested al-
gorithms for the application of the Bayesian Mon-
te Carlo stochastic sampling approach to the solu-
tion of non-linear inverse problems of the electro-
magnetic induction in the Earth for three particu-
lar model settings — the anisotropic layered Earth,
2-D conductivity distribution in the Earth, and
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quasi-3-D conducting structures approximated
by a laterally non-uniform thin sheet. We have
implemented two alternative MCMC sampling
procedures, the standard Gibbs sampler and
a new Single Component Adaptive Metropolis al-
gorithm. The latter algorithm shows particularly
promising in 2-D and quasi-3-D model settings,
as it effectively reduces the number of costly di-
rect solutions in a single MCMC iteration step.
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—— Figurea

Upper mantle resistivity and conductance models
from the MCMC inversion of long-period geomag-
netic induction data with structural prior assuming
only that the conductance is a strictly increasing
function of depth. Left: Gray-scale plots of sample
probability distributions of the resistivity (left)

and conductance (right) values from the inversion
of ajoint data set by Medin et al. (2007) and 90%
x2-limits on average conductivity within three man-
tle zones derived from the sample models (red lines)
and from a direct maximum likelihood procedure by
Medin et al. (2007, blue lines).



Further computation savings can be achieved by
applying special update techniques to the direct
solution for weak conductivity changes that af-
fect only a small number of cells in the model, or
by updating the direct solution via linearization
provided the parametric sensitivities can be com-
puted at low enough costs.

—— In particular, modelling of long period
geomagnetic data for the upper mantle elec-

Resistivity (m)
104 10 102 107! 10 10! 10?107 10t
[ T SRTTE RRRAT BEATT AT B

00
&00

e [ (RS

1200

Depth (km)
=
2

1800

2100

l.G. research staff involved:
J. Pek, V. Cerv, J. PéCovad

—— References:

Medin, A. E., Parker, R. L. and Constable, S., 2007.
Making sound inferences from geomagnetic sound-
ings, Phys. Earth Planet. Int., 160, 51-59.

Cerv, V., Menvielle, M. and Pek, J., 2007. Stochastic
interpretation of magnetotelluric data: Comparison
of methods, Annals of Geophysics, 50, 7-19.

trical conductivity could benefit from the flex-
ibility of the stochastic sampling with respect
to the choice of the prior information. By avoid-
ing the commonly used Occam roughness penalty
in the inversion, we could get more realistic, less
biased sample-based constraints on the aver-
age electrical conductivities in the mantle down
to depths of about 1200 km from various geomag-
netic data sets available (Figs. 1,2).
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—— Figure 2

Sample probability distributions of the resistivity and
conductance from the MCMC inversion of our data set,
consisting of induction responses from about 9o obser-
vatories for Sq-harmonics and from 45 observatories
all over the globe for long period variations, along with
the average resistivity bounds from Medin et al. (2007,
blue lines) and from models from the Markov chain (red
lines).
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Solar inertial motion and its
relations to solar-terrestrial

variability

—— Studies into the role and impact of the solar
inertial motion on the solar and geomagnetic ac-
tivities are of special importance, as they may help
in assessing the natural variability of those phe-
nomena by relating them to strictly predictable
mechanical processes within the solar system.
—— The solar motion due to the inner planets
(Mercury (Me), Venus (V), Earth (E), Mars (Ma))
has been calculated. We have found the follow-
ing basic properties of this motion: the toroidal
volume in which the Sun moves has the inner ra-
dius of 101.3 km and the outer radius of 808.2 km.
The solar orbit due to the inner planets is ‘heart-
shaped’. The orbital points closest to the centre
lie at the time distance of 1.6 years (584 days),
on the average, and approximately coincide
with the moments of the oppositions of V and
E. The spectrum of periods shows the dominant
period of 1.6 years (V-E) and further periods
of 2.13 years (E-Ma) (25.6 months, QBO), 0.91
years (V-Ma), 0.8 years ((V-E)/2) and 6.4 years.
All the periods are above the 99% confidence
level. A possible connection of this motion with
the mid-term quasi-periodicities (MTQP, i.e. 1.5-
1.7 years) in solar and solar-terrestrial indices can
be proposed (Charvatova, 2007)

—— The series of the geomagnetic index
aa and the series of the Wolf sunspot numbers
(W) have been processed in three intervals relat-
ed to the three periods of the solar inertial mo-
tion (SIM) due to the giant planets: 1844-1905,
1906-1956 and 1957-2005. In the second inter-
val, the Sun moves along the stable trefoil orbit,
where the motion along one motion loop (arc)
lasts 10 years. The orbits of the Sun in the first
and the third intervals are of disordered type and
differ one from another. The power spectra of
both the solar and the geomagnetic activity
in the central interval show the dominant period
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of 10.1 years and their patterns are very similar.
The dominant period of the sunspot numbers
(index aa) in the first interval is the period of 11.4
(12.3) years. In the third interval, the period
of 10.7 (20.8) years was detected. The spectra for
W and aa —index show significant differences be-
tween the first and third intervals. The best fit
line for the second (trefoil) interval of solar and
also of geomagnetic activity is the straight line
(the line of stable character), while for the first
and third intervals it is a second and third-order
polynomial, respectively (Fig.2, Charvatova and
Strestik, 2007).

—— Possible interrelations between the 300-
year record of the yearly sunspot numbers and
the solar inertial motion (SIM) using the recent-
ly developed technique of the synchronization
analysis have been studied. Phase synchroniza-
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—— Figure1

The solar orbit due to the inner planets (Mercury (Me),
Venus (V), Earth (E), Mars Ma)) in the years 1995-2010,
shown as the deviation in km from the inertial centre
of the solar system. The orbit is “heart-shaped”. The av-
erage time distance between the nearest points is 1.6
years (VE).



tion of the sunspot cycle and the SIM is found
and statistically confirmed in three epochs (1734-
1790, 1855-1875 and 1907-1960) of the whole pe-
riod 1700-2000. The first and the third epochs cor-
respond to the trefoil intervals of SIM, the central
epoch contains one half of the trefoil. These re-
sults give quantitative support to the hypothesis
that there is a weak interaction between the so-
lar activity and the SIM (Palus et al., 2007).
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—— Figure 2

Top: the spectrum for the first interval (1844-1905)
has the dominant period of 11.3 years for the sun-
spot numbers (red line) and it has the dominant
period of 11.4 years for the index aa (blue line).
Middle: the spectrum for the second interval (1906-
1956, trefoil interval) has the same dominant period
of 10.1 years for the sunspot numbers (red line)

and for the aa index (blue line). This corresponds

to the duration of SIM along one motion loop (arc)
(J5/2). The spectrum for the sunspot numbers from
the previous trefoil interval 1728-1778 is added

(lila line). Again, the dominant period of 10.1 years
was detected. Notice that all the three spectra have
very similar pattern.

Bottom: the spectrum for the third interval differs
from that for the first interval (compare with top
figure). It has the dominant period of 10.8 years for
the sunspot numbers (red line) and of 10.7 years for
the index aa (blue line).

37




Geoeffectiveness of the solar

energetic events

—— The prediction scheme of geomagnetic
disturbances can be divided, based on their in-
put data, into schemes based on the knowledge
of solar wind parameters and schemes based
on information related to the events taking place
on the solar disc. The first of them provide rela-
tively good results with regard to the intensity
of the forecast disturbances, never-
theless, since the solar-wind data are
obtained at point L1, the warning
time is mere 30-60 minutes. The time
is too short to take steps to mitigate
the negative consequences of such dis-
turbances. The second of them enable
the warning time to be extended to 1-3
days. The input data of these schemes
are usually the information on the ex-
istence of a Coronal Mass Ejection
(CME), its velocity and place of origin
on the solar disc. Our forecast scheme
is based on the analysis of the geoeffec-
tiveness of energetic events observed
on the solar disc in the years 1996-2004
(Bochnicek et al.,2007). As opposed
to the procedures named above, the in-
put information of this scheme are not
CME data, but the data on the X-ray
flaresaccompanied by solarradio bursts
(RSP) of type Il, interpreted as the sig-
nature of shock wave initiation in the solar corona,
and Type IV, representing upward/moving mate-
rial in corona. This procedure is justified by the fact
that the growing observations support the point
that flares and CME are two phenomena in one
process. The neural network was used to construct
this scheme enabling to determine the probability,
with which flares will be followed by a geomagnet-
ic response of particular intensity. The successful-
ness of forecasts produced after the fact depended
on the flare class and on the combination of radio-
burst types. In the case of RSP 1V, 58% of the geo-
magnetic responses of X-ray flares of at least B
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class were successful. If only RSP Il was observed,
the forecast was successful only for flares of the X
class (67% of successful forecasts). In the second
step, a strong geomagnetic response was correctly
forecast after geoeffective flares in 58% of the cas-
es. The results are in good agreement wit recent
papers based on physical modeling.
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—— Figurea

Distribution of areas of geoeffective X-ray flares

on the solar disc. The areas in which the probability

of flare geoeffectiveness is higher than 50% are shown
in red.
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Northern lights (aurora) observed in western North
America. Hand-coloured xylograph, illustration from
the journal Neue Illustrierte Zeitung, Vienna, 1880.
Private collection, Prague.

39




Observatories and mobile
data acqusition systems

—— A significant part of the Institute’s mis-
sion involves acquisition and sharing of prima-
ry geophysical data through a number of ob-
servatories and mobile measuring equipment.

Czech Regional Seismic Network (CRSN)

—— Seismological observations of the Insti-
tute of Geophysics have a long tradition and
form a fundamental part of its research. Nu-
merous projects have utilized the data pro-
vided by the Institute’s observatories. In 2006-
2007, the Institute of Geophysics operated
seven stations of the CRSN:
Prohonice (“PRU” in Fig. 1,
since 1957), Kasperské Hory
(KHC, since 1961), Dobruska/
Polom (DPC, since 1992),
Novy Kostel (NKC, since 1997),
Upice (UPC, since 1987), Pan-
ska Ves (PVCC, since 2003),
Trest (TREC, since 2005). Dig-
ital data from all stations are 49
transferred to the Institute
in real time through the Inter-
net. Software packages Ante-
lope and SeisComP are used
for automated data acquisi- 47 M
tion and exchange. The Insti-
tute of Geophysics is strongly
involved in international data exchange with
global data centers and a number of Euro-
pean national data centers and observatories.
The virtual network of the Institute consists
at present of about 60 real-time seismologi-
cal stations in central and southern Europe.
About 20 new stations were added to the vir-
tual network in 2006-2007, as a result of broad
international cooperation of the Institute
of Geophysics established in the frame of EC
project Meredian (2000-2005).
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More information, including technical details
and geographic coordinates of the Institute’s
observatories, can be found at http://www.
ig.cas.cz/en/structure/observatories/.

Figurea

Stations of the Czech Regional Seismic Network (green
triangles) and regional seismic events in central Eu-
rope for the period 2006-2007. Tectonic earthquakes
are depicted as red circles, mining-induced shocks

as blue circles. The size of the circles is proportional

to the earthquake magnitude.
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—— Seismological Data Center of the Institute
of Geophysics provides the following services:

— Automated, near-real time data acquisi-
tion of continuous broadband and short-
period seismic data by Antelope and Seed-
Link software packages;

— Global data exchange of both seismic
phase readings and digital records with
major international data centers (ISC,
NEIC, IRIS, ORFEUS, EMSC) and a number
of neighbouring observatories;



— Daily analysis of digital seismograms by
Unix program Seismic Handler. Rapid lo-
cation of strong seismic events in Central
Europe by program LocSat;

— Archiving of digital records: continuous re-
cords are stored on a large raid system and
archived on a tape robot device;

— Compiling and publishing seismological
catalogues and bulletins on the web, col-
lection and evaluation of macroseismic

reports about earthquakes felt on the ter-
ritory of the Czech Republic;

— Recent automated locations of the CRSN
and live seismograms of selected stations
are displayed on the web pages of the In-
stitute;

— Informing the public through TV and ra-
dio interviews and articles in press about
prominent strong earthquakes and strong
regional events;

Geothermal climate-change observatories

—— The geothermal climate-change observato-
ries on the campus of the Institute of Geophysics
at Sporilov, at the meteorological station Kocelov-
ice (operated by the Czech Hydrometeorological In-
stitute) and near PotGcky (Krusné Hory Mountains)
were established in the years 1993, 1998 and 2002,
respectively. The observatories monitor air, soil and
bedrock temperatures at a sampling rate of 30 min-
utes with the aim to provide data on the air-ground
temperature coupling and on a propagation of sea-
sonal, interannual and secular surface temperature
changesinto the bedrock. The monitoring is expect-
ed to continue into the future, to map the tracking
of the air and ground mean annual temperatures
on an interannual time scale. The tracking is crucial
for the proper climatic interpretation of the ground
surface temperature history reconstructed from
borehole temperature profiles.

—— The influence of vegetation cover on the soil
temperatures is studied systematically using data
from the fourth observatory located on the premises
of the Institute of Geophysics in Prague - Spofilov.
The monitoring system launched in 2002 provides
data on the soil temperatures to the depth of 0.5 m
under different surface conditions, namely under
grass, barren soil, sand, and asphalt. The system
was upgraded by installation of one pyranometer
for monitoring the incoming short-wave radiation

and four pyranometers for the short-wave radiation
reflected by the individual surfaces. The monitoring
provides data for a detailed study of the mean an-
nual difference between air and soil temperatures,
its long-term stability and dependence on the veg-
etation cover and provides useful data for an array
of other disciplines like agronomy, forestry, ecolog-
ical studies or alternative energy sources.

See pp. 26—28 for the most recent research
using the data from these observatories.

Figure 2
Air-ground temperature monitoring on the campus

of Institute of Geophysics at Prague — Spofilov.
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Geomagnetic observatory

—— Thelongtradition of geomagnetic observa-
tions in Prague dates back to 1839. Due to the in-
creasing influence of urban magnetic noise since
the beginning of the 2oth century, the Prague
observatory was closed down in 1926, and was
replaced in 1946 by the Prihonice observatory
near Prague. Rapid expansion of the city and
construction of DC - powered railways resulted
in a deterioration of this location. In 1967, the ob-
servatory was moved to Budkov near Prachatice
in south Bohemia, a sparsely populated area.
Currently the observatory is equipped with two
digital systems. CANMOS, installed in 1992
in co-operation with the Geomagnetic Observa-
tory of the Geological Survey of Canada consists
of a triaxial Narod S-100 ring-core magnetom-
eter, an ELSEC 820 PPM magnetometer, and
a control unit based on MS-DOS operating sys-
tem. The main parts of GDAS system are DMI
suspended fluxgate magnetometer, Overhauser
proton magnetometerand Pentium-type embed-
ded PC with QNX4 operating system and SDAS
data acquisition software developed by British
Geological Survey. Absolute measurements are
carried out by DI magnetometer (fluxgate sen-
sor mounted on non-magnetic theodolite Zeiss
010B). The data are transmitted via telephone
network to the Institute of Geophysics in Prague.
They are stored and processed on the network
server and one-minute values of three compo-
nents of the magnetic field are transmitted via e-
mail to the Geomagnetic Information Node (GIN)
in Edinburgh, U.K. Yearly collections of definitive
data are published on the INTERMAGNET CD-

ROM. The Geomagnetic Department has been is-
suing daily forecasts of geomagnetic activity for
Central Europe since 1994, weekly forecasts since
1995. Since 1998 the short term forecasts have
been sent to Czech TV, where they are presented
as part of the Weather Forecast and displayed
on the teletext. At present, the forecasts, as well

O'Gyalla/
Hurbanovo

declination (degrees)
[
|
T
I
I
I
I
I
]
I
I
I
I
I

Prague !
Klementinum

|

|

i
1840 1880

Figure 3

Magnetic declination measured at Prague-Klementi-
num, Prihonice and Budkov observatories. Data from
Observatory Hurbanovo (South Slovakia) are given for
comparison.

as reports of the actual state of the geomagnetic
field in our region, are presented on the web pag-
es of the Regional Warning Centre Prague (http://
rwcprague.ufa.cas.cz/).

MOBNET, a portable network of three-component seismographs

and digital acquisition systems

—— The Institute of Geophysics owns a set
of mobile seismic stations, deployed according
to operative decisions in different research proj-
ects. This set consists of 32 short-period Le3D seis-
mographs, 15 broad-band STS2 seismographs,
and 55 GAIA acquisition systems. The GAIA record-
ing instrumentation is fully compatible as regards
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built-in software and output data formats. Pro-
cessing of seismic data is then easy and data fol-
low strictly all required standards.

—— Stations of the pool participated in several
passive experiments. Ten BB stations finished
three year operation in the Northern Apennines
in October 2006 within the project RETREAT



2002-2007 (Plomerova et al., 2006; Margheriti et al.,
2006; Salimbeni et al., 2007). Stations were newly
installed within the project PASSEQ, which focuses
on the upper mantle structure beneath an elon-
gated array running from Bavaria, through western
part of the Bohemian Massif (Eger Rift) to Lithu-
ania. Stations of the pool are deployed both on ter-
ritory of the Czech Republic and in Poland. The sta-
tions were also included in experiment BOHEMA I
MOBNET listopad 2007 ,, |

Figure 4
Map showing the distribution of MOBNET stations near
the end of 200;.

(2005-2006) covering the southern part of the Bohe-
mian Massif. A subset of data recorded by the array
will complement data of the experiment ALPASS
(Austria),which covered a region south of the Bohe-
mian Massif.

—— Nine GAIA stations are installed in the West
Bohemia seismoactive region as a part of the WEB-
NET network. Together with other 13 permanent
seismic stations of WEBNET the total number

WEBNET network

—— West Bohemia/Vogtland earthquake swarm
region belongs to the best-monitored seismi-
cally active areas in Europe. The WEBNET net-
work, jointly operated by the Institute of Geo-
physics and the Institute of Rock Structure and
Mechanics (IRSM) of the ASCR in Prague, and

reaches 22 stations thus ensuring both precise lo-
calization of local earthquakes and determination
of the focal mechanism. In case of increased seismic
activity the WEBNET network can be complement-
ed by other MOBNET stations.

—— Current publications utilizing data collected
with the MOBNET network include the following:
Plomerova, J., Margheriti, L., Park, J., Babuska, V.,
Ponderelli, S., Vecsey, L., Piccinini, D., Levin, V.,
Baccheschi, P., and Salimbeni, S.,
2006. Seismic Anisotropy beneath

the Northern Apennines (Italy): Man-
tle Flow or Lithosphere Fabric? Earth
Planet. Sci. Lett., 247: 157-170.
Margheriti, L., Pondrelli, S.,

Piccinini, D., Piana Agostinetti, N.,
Lucente, F. P., Amato, A., Bacche-
schi, P., Giovani, L., Salimbeni, S.,
Park, J., Brandon, M., Levin, V.,
Plomerova, J., Jedlicka, P., Vecsey, L.,
Babuska, V., Fiaschi, A., Carpani, B.
and Ulbricht, P., 2006. Retreat seis-
mic deployment in the Northern Ap-
ennines. Annali di Geofisica, Annals
of Geophysics, 49, N. 4/5.

Salimbeni, S., Pondrelli, S., Margheri-
ti,L.,Levin, V., Park,J., Plomerova,J.,
Babuska V. Abrupt change in mantle
fabric across Northern Apennines detected using
seismic anisotropy, 2007. Geophys. Res. Letters, 34,
L07308, doi:10.1029/2007GL029302.

Plomerova, J., Achauer, U., Babuska, V., Vecsey, L.,
and BOHEMA working group, 2007. Upper mantle
beneath the Eger Rift (Central Europe): plume or
asthenosphere upwelling? Geophys. J. Int., 169, 675-
682; doi: 10.1111/}.1365-246X.2007.03361.X

Babuska, V., Plomerova, J., Fischer, T., 2007. Intra-
plate seismicity in the western Bohemian Massif
(central Europe): a possible correlation with a pa-
leoplate junction. J. of Geodynamics 44, 149-159,
doi:10.1016/}.j0g.2007.02.004.

asmaller network KRASNET, operated by the In-
stitute of the Physics of the Earth of the Masaryk
University in Brno, are located in the West Bo-
hemian seismoactive region. Further networks
providing relevant, high quality data have been
working in NE Bavaria and SE Saxony. WEBNET
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includes thirteen broad band three-component
digital seismic stations consisting of the SM-3
short-period seismometers and Janus-Trident/
Nanometrics acquisition systems, and covers an
area of about goo km?. Its configuration and the
parameters of the seismograph systems guar-
antee high-quality recording of West Bohe-
mia/Vogtland events of magnitudes -0.5<ML <5
in a frequency range of 0.5 to 8o Hz with a sam-
pling frequency of 250 Hz. Thus, WEBNET makes
it possible to record high-frequency waves gen-
erated by local events, short-period body waves
of regional and distant earthquakes, and surface
waves excited by quarry blasts fired in the neigh-
bourhood of the region under study. Data from all
stations are transmitted via Internet to Institute
of Geophysics, Prague. In addition, a three-com-
ponent very broad band (VBB) system providing

Gravity and Earth tides observatories

—— The observatory Jezefi was estab-
lished in 1982 when a complex investigation
of the slopes of the Krusné hory Mountains
began, with the aim of controlling the sta-
bility of the slopes of an adjacent open-cast
brown coal The observatory consists
of two tiltmeter sites with permanent record-
ings of tilts in a horizontal gallery. Station 1 is
located at the depth of 420 m in the mountain
crystalline massif, and has been operating since
1982. Its aim is to record the stability of this
deep block of the massif suspected of rota-
tion or sliding movements. Station 2 was set
up in 2001 in order to monitor the weak zone
of the crystalline basement close to the contact
with Tertiary sediments containing a coal seam.
This station is a part of a fast geomechanic
monitoring system of the mining company. It
has clearly recorded, e.g., the effect of pre-
cipitation during the 2002 floods on the block
stability, on anomalous tilts caused by water
saturation. This observatory has been techni-
cally upgraded for automatic data transmittion
and nowadays is being prepared for real-time
monitoring. The aim of the system is to provide
real-time continuous information on the stabil-

mine.

bty

continuous digital records of seismic signals with
periods up to 120 seconds has been operating
at stations NKC (in the centre of the Novy Kostel
zone) and LAC (southern part of the seismoactive
region). To provide the best possible area and azi-
muth coverage with respect to the individual focal
zones, ten seismic vaults consisting of a container
with a concrete pillar about 2 m below the surface
were built in the West Bohemia for deploying
mobile stations in the case of enhanced seismic
activity. The seismograms of all tectonic events
(about 25000), recorded by WEBNET and the VBB
stations since, respectively, 1992 and 1998 are
archived in a digital database. Data from other
networks operating in the region are available
on request.

—— See pp. 1415 for the most recent research
using the data from these observatories.

ity of the mine slopes suspected of possible slid-
ing. Day-to-day evaluation of the data, together
with all other observed parameters, should pro-
vide indications of slope instability and warning
signals for the mine authorities. At the same
time, the data are a subject to long-term earth
tide effects investigation. The new observatory
Skalna is located in the West Bohemia seismo-
active region in an underground gallery built
in a granite block in the town of Skalna. The ob-
servatory should contribute to the monitor-
ing of the ongoing geodynamic processes. It
is furnished with a couple of tiltmeters, a seis-
mograph, a barometer and a special deforma-
tion meter. Except the seismograph, the other
equipment is still in a testing period, mainly
due to stabilisation of the tiltmeters in local
temperature conditions and their stable setup
on the rock. Ocassionally, continuous measure-
ments of gravity are performed to test local
changes of the gravity field. A significant signal
was recorded during the Sumatra earthquake
in Dec. 2004, when the trend of the gravity
variations changed for a long time.

See pp. 14—15 for the most recent research
using the data from these observatories.
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GP205/04/P182 hMy%?gmggt::t%e;;::;%n of the geomagnetic field by GACR Jan Simkanin 2004-2006

GA205/04/0746 zg:;hastlc interpretation of geoelectricity induction GACR Josef Pek 2004-2006

GA205/04/0740 EMIE%Za/gel\ﬁEosée[;iefuiﬁreducnwty model GACR Véaclav Cerv 2004-2006

IAA3012309 rSneelfjri]:c waves and seismic sources in anisotropic GAASCR Véclav Vavryéuk 2003-2006
Boundaries between anisotropic blocks of mantle

205/04/074 itosphere mapped using data from passive seismic adislav Babuska 2004-200
GA205/04/0748 litosph pped using data fi passi ismi GACR Vladislav Babusk 6

experiments and their relation to the crustal tectonics
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Studia Geophysica et Geodaetica

—— Studia Geophysica et Geodaetica (5GG),
published by Institute of Geophysics since 1956,
is an international scientific journal covering all
aspects of geophysics, geodesy, meteorology
and climatology. The recent Editorial Board, es-
tablished in 2000, has been striving for steady
improvement of the journal quality and broad-
ening the international range of authors and
readers. Distribution of SGG authors in 2006
is shown in Fig.1. Currently, 22 experts from 11
countries serve as editors (see list below). Elec-
tronic and printed versions of the journal are
distributed by Springer.

15%

10%

5%

0% IIIIIIIIIIIIIIIIIIIIIIIII

CZ DE AT ES CA FR SK UK NOUSABG TR AU BR CN FI HU CH IR IT JP KO NL PL RU SE UA

Figure 1
Distribution of SGG authors by country of their affilia-
tion, in 2006.

—— At present, the journal publishes between
4o and 5o original, reviewed papers per year.
The mean submission to acceptance time is
about 6 months. Rejection rate is slightly over
30% of original submissions. Special issues are
published on various occasions, commonly from
scientific meetings. In the years 2006 and 2007,
two special issues containing selected contri-
butions presented at the workshop ,Seismic
waves in laterally inhomogeneous media VI”
Hruba Skala, Czech Republic, June 20-25, 2005
were published (issues 3/2006 and 1/2007).

—— Since January 2002, the journal has been
included again into the Scientific Citation Index
list. The Impact Factor for the period 2000-2006
is shown in Fig.2, see also the ISl Journal Cita-
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tions Report (www.jcrweb.com). The journal
is abstracted or indexed in Current Contents:
Physical, Chemical and Earth Sciences; ISl Alert-
ing Services; Meteorol. and Geoastrophys. Ab-
stracts and Elsevier/Geo Abstracts. At present,
the journal is ranking as 11th among the total
of 22 journals with Impact Factor published
in the Czech Republic.

—— Lists of articles can be viewed and,
with subscription, full text files downloaded
via the following web page: http://www.ig.cas.
cz/en/studia-g&g/

0.761

IMPACT FACTOR

2000 2001 2002 2003 2004 2005 2006

Figure 2
Impact factor of Studia Geophysica et Geodaetica be-
tween 2000 and 2006.

The most cited paper in the journal history:
V. Jelinek, 1978. Statistical processing of anisotropy

of magnetic susceptibility measured on groups of speci-
mens. Stud.geophys.geod., 22, 50-62, (206 citations
by October 2007).

—— Editorial Board of Studia Geophysica et
Geodaetica, 2007
Editor-in-Chief:
Ivan PSencik, Institute of Geophysics AS CR,
Prague, Czech Republic
Executive Editor:
Josef Pycha, StudiaGeo, Prague, Czech
Republic
Technical Editor:
Eduard Petrovsky, Institute of Geophysics
AS CR, Prague, Czech Republic



Editors:

W. Calvert, lowa City, USA;

V. Cermék, Prague, Czech Republic;
M.J. Dekkers, Utrecht, The Netherlands;
M. Fernandez, Barcelona, Spain;
H.J. Fowler, Newcastle u./T., UK;

P. Holota, Prague, Czech Republic;
F. Hrouda, Brno, Czech Republic;

R. Huth, Prague, Czech Republic;
C. Jekeli, Columbus, USA;

G. R. Keller, Norman, USA;

J. Kouba, Ottawa, Canada;

J. Kusche, Potsdam, Germany;

J. Lastovicka, Prague, Czech Republic;
C. Matyska, Prague, Czech Republic;
B. Meurers, Vienna, Austria;

P. Moczo, Bratislava, Slovakia;

R.L. Nowack, West Lafayette, USA;
L.E. Sjoeberg, Stockholm, Sweden;

N. Sneeuw, Stuttgart, Germany;

R. Stephen, Woods Hole, USA;
C.Thomson, Cambridge, UK;
C.C.Tscherning, Copenhagen, Denmark.

International research

collaboration

The EU Project IMAGES (Induced Microseismics Applications from Global

Earthquake Studies)

—— The project develops a ,Transfer of Knowl-
edge Industry-Academia Partnership” (TOK-IAP)
between Schlumberger Cambridge Research,
Cambridge, UK (industrial partner) and the In-
stitute of Geophysics, the Charles University
in Prague, the Potsdam University, the Institute
of Physics of the Earth in Paris and the Ber-
lin University (academic partners). It is a 6th
Framework Programme contract No. MTKI-CT-
2004-517242.

—— The project benefits petroleum industry
by developing tools and techniques for seismic
monitoring of gas and oil reservoirs (hydraulic
fracture monitoring and passive seismic) to con-
trol rock fracturing, optimize the reservoir pro-
duction, prolong life of existing reservoirs, and
mitigate hazard associated with the occurrence
of induced microearthquakes. The seismic moni-
toring helps to solve geomechanical problems
in petroleum industry, such as imaging deforma-

tions associated with primary production, sec-
ondary recovery or waste injection operations.
Earthquake seismology benefits from the project
by having an access to high-quality data of seis-
micity in reservoirs and a unique opportunity:
(1) to study fluid-driven seismicity, in particular,
rock-fluid interactions and the role of pore-fluid
pressure in seismicity pattern and in triggering
of earthquakes by fluid flow, and (2) to inspect
rupture processes in a field scale and under con-
trolled conditions. The project is supervised by
Prof. F. Cornet who presently coordinates re-
search in the Corinth Rift Laboratory and has an
extensive experience with large-scale academic
EU projects in passive seismic and hydraulic frac-
ture monitoring.

The Institute of Geophysics researchers
involved: V. Vavrycuk (leader of the IG team), A.
Bouskova, T. Fischer, Z. Jechumtalova, |. PSencik,
J. Sileny.

Selected other projects with active involvement of researchers from
the Institute of Geophysics in 2006-2007:

—— INTAS, Ref. Nr 03-51-5807 ,Long-term
magnetohydrodynamics of the Earth, planets

and moons” (2004-2007); |.G. researchers in-
volved: P. Hejda, J. Simkanin;
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—— Consortium SW3D ,Seismic waves in com-
plex 3D structures”. Consortium members: BP
Exploration and Production Inc., Chevron Tex-
aco, ExxonMobil Upstream Res.Co., Petrobras
- CENPES, Schlumberger Cambridge Res. Ltd.,
Shell International Exploration and Produc-
tion B.V. |.G. researchers involved: |. Psencik, V.
Vavrycuk, J.Sileny;

—— Projekt CNPqg (National Council for Sci-
entific and Technological Development, Brazil)
,Extensao de metodos de refinamento do mod-
elo de velocidade para meios anisotropicos.
Participating institutions: UNICAMP Campinas,

UFPa Belém, Brazil. I.G. researchers involved:
I.PSencik;

—— RETREAT: 2002-2007 a part of the Conti-
nental Dynamics programme of the NSF (USA).
http://earth.geology.yale.edu/RETREAT/; |.G. re-
searchers involved: J. Plomerova;

—— PASSEQ 2006-2008 (Passive Seismic Ex-
periment in the TESZ). I.G. researchers involved:
J. Plomerovg;

—— COST724 ,Developing the scientific basis
for monitoring, modelling and predicting Space
Weather” (2004-2007), |G researchers involved:
J. Bochnicek, P. Hejda.

Professional events

—— In 2006 and 2007, research groups at the In-
stitute of Geophysics organized or took part
in organizing a number of professional meetings.

A complete overview, with supplementary ma-
terials for each event, is posted on http://www.
ig.cas.cz/en/about-us/conferences/.

10" Symposium on Study of the Earth’s Deep Interior (SEDI), Prague,

Czech Republic, July 9-14, 2006

—— The 10™" Symposium on Study of the Earth’s
Deep Interior (SEDI), organized by the Institute
of Geophysics of the Academy of Sciences, was
held in the Congress Centre of the Czech Univer-
sity of Agriculture, Prague, with 158 participants
from 14 countries. Jonathan Aurnou gave the Zat-
man lecture, and Julien Aubert, Keith Koper, and
Jonathan Mound won Doornbos prizes for out-
standing research on the deep Earth by a young
scientist. The program consisted of eight topical
half-day sessions that covered, in an interdiscipli-
nary manner, the following topics: structure and

chemistry of the core and lower mantle, core-
mantle interactions, the geodynamo and core dy-
namics and thermodynamics, layer D” and man-
tle convection, and the interiors of other bodies
in the solar system. All oral presentations were
on invitation only. A plenary discussion was led by
the members of International Program Commit-
tee or other prominent scientists selected by them
in advance. A detailed report on the symposium
presented in the Deep Earth Dialog, Number 14,
can be found at http://www.sedigroup.org.

6" ,Castle Meeting” on Heat Flow and the Structure of the Lithosphere,

Courtyard Bykov, June 5-10, 2006

—— Department of Geothermics of the In-
stitute of Geophysics organized its 6™ Interna-
tional Workshop ,Heat Flow and the Structure
of the Lithosphere” at Bykov Castle Farm near
Plzen, June 5-10, 2006. The meeting was held un-
der the auspices of the International Heat Flow
Commission of the IASPEI and was co-sponsored

54

by the Academy of Sciences the Czech Republic.
The workshop was attended by 66 participants
from 21 countries, and as such represented the larg-
est gathering of the present world heat flow com-
munity likely ever.

—— The scientific programme of the work-
shop centered on four major topics: (1) Heat



flow on continents and ocean; (2) Thermal mea-
surements; (3) Geothermics of climate change;
and (4) Heat and fluids. One of the evenings
was devoted to the business meeting of the In-
ternational Heat Flow Commission. At present,
two special journal issues of the International
Journal of Earth Sciences are under the prepara-
tion, based on the presentations delivered dur-
ing the Bykov meeting, one covering basic heat
flow problems in crustal and upper mantle struc-
ture studies, the other focusing on the borehole
climatology. More information can be found on:
http://rebel.ig.cas.cz/activities/heat2006-main.
html

—— Otbhersignificant eventsin 2006-7 include
the following:

— Workshop / Meeting on Seismic Anisotro-
py and Geodynamics of The Lithosphere-
Asthenosphere System: Trest, June 17-21,
2006;

— 10" Castle Meeting Paleo, Rock and En-
vironmental Magnetism: Castle of Val-
tice, 3-8 September 2006;

— 22" Colloquium ,Electromagnetic Depth
Research”: Hotel Maxicky, Décin, Czech
Republic,October 1-5, 2007;

— 8" West-Bohemia / Vogtland international
workshop ,Geodynamics of Swarm Earth-
quake Areas”: FrantiSkovy Lazné, October
16 — 19, 2007;

See http://www.ig.cas.cz/en/about-us/
conferences/ for a complete list and more details.

Participants of the 6th “Castle Meeting” on Heat Flow and the Structure of the Lithosphere, in front
of the Bykov courtyard

Public Outreach Activities

—— The Institute takes part in the annual
»Science and Technology Weeks” organized by
the Academy of Sciences. These outreach ac-
tivities are organized in close connection with
the European Science & Technology Week, and
aim to inform the general public about the im-
pact of science on daily life and its benefits (http://
cordis.europa.eu/scienceweek/home.htm).

—— The 7th Science and Technology Week,
in 2007, had the title ,Fascination by Light”. The In-
stitute of Geophysics regularly contributes to these
activities by its Open Days, usually in November.
The visitors can create their own earthquake, learn
about the origin and effects of volcanism, take
a tour through the Institute’s Geopark, or watch
a sandbox experiment simulating the building
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of a mountain range. In 2007, 167 people visited
the Institute during the Open Days. Other outreach
activitiesinclude the project ,Science in the streets”
in which the Institute participated in 2006 in Prague
and Plzen, or collaboration on the Open Science
project:  http://www.otevrena-veda.cz/ov/index.
php?site=gfu. Apart from the above activities, re-
searchers from the Institute commonly take part
in TV and radio broadcasts featuring Earth Science
topics. The 100th anniversary of the catastrophic

Geopark Spofilov

—— The GEOPARK of the Institute of Geo-
physics, open to the public, was built between
2003 and 2007 with generous support from
the Prague 4 municipal council and thanks to en-
thusiasm of companies that donated many rock
specimens. The aim of the exhibition is to in-
crease the awareness of the general public about
processes operating in the Earth interior and
on its surface, and about their products. Current-
ly the Geopark features over 40 large specimens
of igneous, sedimentary, and metamorphic rocks
from the Bohemian Massif. Explanatory texts
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earthquake in San Francisco was commemorated
by the exhibition of historical engravings related
to the event and other earthquakes, from the col-
lection of Jan Kozak. The exhibition took place
inthe Academy of Sciences foyer in April-May 2006.
The Portuguese edition of the book by J. Kozak, V.
Moreira and D. Oldroyd, ,Iconografia do Terramoto
de Lisboa de 1755" was published by the Academy
of Sciences, as a follow-up of the success of the ear-
lier English edition of 2005.

and accompanying posters about plate tectonics
and the geological history of the Czech Republic
are posted in the Geopark and on the Institute’s
website: http://www.ig.cas.cz/cz/o-nas/popular-
izace/geopark-sporilov/.

Visitors - locals, casual visitors, and,
commonly, schools — can not only appreci-
ate the beauty of the rocks on display or read
the posters that accompany the exhibit, but can
also play a quiz-game named ,The Alchemists'
Stone”, as an entertaining way to learn about
minerals, rocks, and processes that create them.




The Budget of the Institute
of Geophysics

Institute of Geophysics, Total Income in 2007
CZK 69,000,000

.;:‘I ﬂfq 501"";]
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B Institutional sources © National Grant Funding
International Grant Funding # Other

Institute of Geophysics, Total Spending in 2007
CZK 69,000,000
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m Salaries m Travel expenses
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Electricity, water, heating m Books and journals

Services n Other
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