GEODYNAMICAL PHENOMENA:

Heat flow refraction on structures with
conductivity contrast
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This contribution is devoted to the analysis of
the refraction of the heat flow caused by the sub-
surface structures with contrasting thermal conduc-
tivity values. We enhanced the fundamental calcu-
lation and interpretation results [Carslaw, Jaeger,
1959; Ljubimova et al., 1976; 1983; Czeremensky,
1977, ...] related to these effects by some new model
configurations and by qualitative and quantitative
analysis of their influence on the temperature and
on the heat flow density distribution. The basic re-
fraction effects were studied on models with the dis-
turbing bodies bounded by the coordinate surfaces
and buried in homogeneous half-space or in hori-
zontally layered media [Hvozdara, Majcin, 1985;
HvoZdara, 2008; 2009]. These model types were
supplemented by more realistic 2D and 3D distur-
bing model structures with the contrasting thermal
conductivity coefficients (various polygonal and poly-
hedral bodies). They were analysed in papers of
[HvoZdara, Schlosser, 1985; Majcin, 1992; HvoZ
dara, Valkovié, 1999, Hvozdara, 2008; Hvozdara,
Majcin, 2009] and other. The great attention was
paid to the model problems related to the refraction
of the heat flow near the border of the sedimentary
basins also combined with the refractions on the
Earth’s surface topography [Majcin, Polak, 1995].

The solutions of mathematical problems were
presented in the exact analytical form or they were
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received by the numerical approaches. The boun-
dary element method and the finite difference me-
thod were the most frequently employed in our cal-
culations.

The calculated model temperature distributions,
the surface heat flow density data and also the dis-
tributions of the heat flow density vector components
are analysed also with regard to the interpretation
of measured surface data, to influence on calcula-
tion of representative heat flow density and to con-
struction of the terrestrial heat flow maps over the
geological structures with different thermal conduc-
tivity coefficients. The new models show the great
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of the conductivity parameters and the declination
of heat flow density vectors from vertical direction
near these boundaries force to apply refraction ef-
fects to measurements and interpretations mainly
near the sedimentary basins borders and near the
vertically or aslant layered structures or such nar-
row contrast rock zones. Such structures are typi-
cal and frequently occurred also inside the tectonic
region of the West Carpathians.

Geophys. Geod. — 2000. — 30,* 3. —P. 261—

277.

Hvozdara M. Groundwater and geothermal anomalies
due to a prolate spheroid // Contrib. Geophys. Geod.
—2009. —39,1 2.—P.95—119.

Hvozdara M. Refraction effect in the heat flow due to

TI'eogusuueckuti xyprar Ne 4, T. 32, 2010



FROM OBSERVATIONS AND EXPERIMENTS TO THEORY AND MODELLING

3-D prismoid, situated in two-layered Earth // Con-
trib. Geophys. Geod. —2008. —38,* 4.—P. 371—
390.

Hvozdara M., Majcin D. Calculation of a heat-flow
anomaly generated by a cylindrical inhomogeneity
// Contrib. Geophys. Geod. — 1885. — 15. — P. 51—
58.

HvoZdara M., Majcin D. Geothermal refraction problem
for a 2-D body of polygonal cross-section buried in
the two-layered Earth // Contrib. Geophys. Geod. —
2009. — 39, 4.—P.301—323.

Hvozdara M., Schlosser G. Anomaly of the telluric and
thermal field by the presence of a two-dimensional
body in the homogeneous halfspace // Contrib.
Geophys. Geod. — 1985. — 15. — P. 35—49.

Hvozdara M., Valkoviée L. The refraction effect in the
geothermal heat flow due to a 3-D prism in two

layered Earth // Studia geophys. et geod. — 1999.
—43. — P. 407—426.

Ljubimova E. A., Ljuboshits V. M., Nikitina V. N. Effect
of contrasts in the physical properties on the heat
flow and electromagnetic profiles // Geoelectric and
geothermal studies / Ed. A. Adam. — Budapest:
Akadem. Kiado, 1976. — P. 72—102.

Ljubimova E. A., Ljuboshits V. M., Parfenjuk O. I. Nu-
merical models of temperature fields in the Earth.
— Moscow: Nauka, 1983. — 124 p. (in Russian).

Majcin D. Refraction of heat flow on the near-surface
structures with thermal conductivity contrast // Con-
trib. Geophys. Geod. — 1992. — 22. — P. 67—380.

Majcin D., Polék S. Refraction of heat flow near the
border of the sedimentary basins with topography
[/l Contrib. Geophys. Geod. — 1995. — 25. — P. 99—
112.

Secular variation of the geomagnetic field in Europe for the
1985—2005 years
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Secular variation (SV) is a typical feature of the
Earth magnetic field. Doing the magnetic surveys
for the different purposes, creating the maps of the
anomalous magnetic field, it is very important take
into account the knowledge about the time spatial
structure of the Earth magnetic field. Geomagnetic
observatories and data measured at the repeat sta-
tions (SV points) are offers the main source of
information about the time spatial structure of SV.
Using this data, constructed maps of the secular
variations of geomagnetic field gave us imaginations
about the morphology of SV in studied regions and
theirs comparison at different time let us to detect
the focuses of the secular variations and investi-
gate theirs kinematics. Auspicious conditions take
place in the European region for the detail study of
the SV according to the huge network of the mag-
netic observatories.

Spatial structure of the SV in European area is
demonstrated in such papers as [Orlov et al., 1968;
Pushkov, 1976; Maksymchuk et al., 2001] in which
shown that the very dynamic structure of SV attend
in the second part of XX century in Europe: disinteg-
ration of the Caspian (Iran) SV focus in 60" and
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formation of the new SV focus in central Europe in
70" [Maksymchuk et al., 2001; Maksymchuk,
2002].

The main goal of this work — compilation of the
new maps of the secular variation of geomagnetic
field for the European region in the beginning of XXI
century and investigations of the characteristics of
time spatial structure on the basis of these new
maps.

As we can see from the Fig. 1—2 occurrence of
the global positive focus with the epicenter in the
Apennine — Balkan region is the main feature of
the secular variation of the geomagnetic field during
the 1985 — 1995 years in Europe. According to the
data from IGRF-10 global magnetic model the in-
tensity of this focus by Z-component come to the
24 nTly during the 1985—1990 years and 22 nTly
during the 1990—1995 years. This focus was con-
centrated basically in all part of Central and Wes-
tern Europe.

Analyzing the data from the magnetic observa-
tories we come to conclusions that this SV focus in
comparison to IGRF data not such strong but also
take place in European continent. However, its struc-
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