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Abstract 

Geomagnetic variation data recorded during several field campaigns along profües traversing 
the eastem margin ofthe Bohemian Massif and the West Carpathians extending over border terri
tories ofPoland and ofthe Czech and Slovak Republics were used to estimate geomagnetic trans
fer functions (GTFs) and the induction arrows for periods ranging from about 12 to 96 minutes. In 
order to get a deeper insight into the causative phenomena of the large-scale inductive anomalies 
observed within the area of investigations, the GFTs data set from 150 field sites was used to 
compute and map simulated anomalous magnetic fields across the region by separating the fields 
into external and internal parts and applying the hypothetical event analysis (HEA). A possible 
effect of static distortions on the GTFs is analyzed. Equivalent current systems in a thin sheet em
bedded at different depths in a two-layer medium are computed for the observed GTFs. Possible 
geological implications are considered. 

1 Introduction 

The West Carpathian eonduetivity anomaly (WCA) is a phenomenon known for more than 
twenty years. lt represents a prominent induetive anomalous feature that distinetly delineates 
the eontaet zone between the West Carpathians (WCP), as a sub-unit of the Tertiary Alpine 
orogenie belt, and the surrounding older units, specifieally the Bohemian Massif (BM) in the 
west and the Polish Paleozoie Platform in the north. In the east of the Bohemian Massif, this 
anomaly adjoins, or merges with the eastern termination of the whole Hereynian orogene, re
presenting thus a zone of the first order signifieanee with regard to the European teetonie 
strueture and history. In spite ofthe enormous knowledge aceumulated in this zone so far, the 
geologieal strueture and evolution of the eastern margin of the Hereynides, ineluding the 
transition zone between the Bohemian Massif and the Carpathians as a partieular segment, is a 
problem still unresolved in detail. 

Extensive geomagnetie induetion investigations, earried out in the area of the transition 
zone between the BM and the WCP over almost thirty years, have resulted in eollecting a large 
set of long period geomagnetie transfer funetions (GTFs, period range :from 1000 to about 
7000 s) distributed uniformly aeross the whole ofthe target area. Besides the detailed delinea
tion of the WCA along the whole Czech, Slovak and Polish segment of the Carpathian belt, 
the induetive pattern has elearly revealed that the BM-to-WCP transition cannot be eonsidered 
a single eontaet, but that it rather represents a two-step proeess demarcated by the WCA in the 
east and by another regional induetive anomaly (BMA), about 100 km to the west of the 
WCA, whieh ean be attributed to the eastern margin ofthe BM (Fig. 1). 

Several studies so far published on the BMA area (Pecovä et al., 1976; Picha et. al., 1984; 
Cerv et al. 1984, 1987) have shown highly inhomogeneous distribution of the electrieal eon
duetivity in the transition zone between the BM and the WCP units and suggested two zones 
of anomalous induetion · at the eastern margin of the BM and near the boundary of the Outer 
and Central WCP (Praus and Pecova 1991; Pecovä and Praus 1996). The papers addressed, in 
brief, two partieular questions: (a) the detailed eourse ofthe anomaly, inferred :from the spatial 
morphology of the geomagnetie transfer funetions, and its formal relation to the underlying 
geologieal struetures, and (b) a formal estimation of some souree parameters for the BMA 
(depth to the eonductor, eonduetance estimates), based mainly on 2-D theoretieal eoneepts, 
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Figure 1: Left - Real induction arrows across the eastern margin of the Bohemian Massif and its transition to 
the West Carpathians for the period of 1920 s. Tue gray dashed line is the zero contour of the real N-compo
nent of the GTFs, which delineates the WCA and BMA induction anomalies in the best way. Right - Gray 
scale map of the module of the gradient of the azimuth of the real induction arrows across the area, which 
identifies the WCA and BMA anomalies as quasi-linear zones with the most rapid changes of the azimuth of 
the induction arrows. By diamonds, the measurement sites are marked. 

evidently oversimplified in this case. The problem is that, unlike the WCA, which is an evi
dent quasi-linear inductive feature within the ernst manifested by clear reversals of strike
perpendicular induction arrows along its axis, the anomaly on the eastern margin of the Bo
hemian Massif has essentially a different character. As far as experimentaly documented, it is 
(i) a quasi-linear phenomenon, extending over more than 100 km in rougly the SW-NE direc
tion, (ii) defined by a fast change of the azimuths of the induction arrows along its axis, but
(iii) characterized, contrary to a 2-D setting, by large (sometimes, in fact, dominating) strike
parallel components of the induction arrows. The latter feature suggests that the BMA is
strongly influenced by 3-D conductivity effects, either inductive or of a distortion nature. Due
to the long periods involved, the observed distribution ofthe induction characteristics does not
::iecessarily reflect only the local features of the conductivity distribution, but can be affected
by induction processes taking part in structures either remote, or over-regional with respect to
the particular area of interest. Therefore, as a first step in the search for the real 3-D conduc
tivity conditions ofthe region, we have carried out a series of formal data imaging and trans
formation procedures, aiming at (i) estimating the degree ofthe 3-D distortions that affect the
induction data in the BMA zone, (ii) determining the preferred directions ofthe causative cur
rents for the BMA, and (iii) inferring possible regional configurations of the anomalous con
ductivity structures which can produce the induction pattern observed. In this paper, we pres
ent selected results of these imaging experiments and point out some correlations with the
geological features of the region involved.

2 Geology, the experimental data 

Tue region under investigation extends over the eastern margin of the Bohemian Massif (BM) 
and the West Carpathians (WCP) representing two fundamental elements of Europe that make 
contact here. The BM builds up Bohemia and the western part of Moravia and represents the 
easternmost consolidated part of the orogenic belt known as European Hercynides (Meso
Europe) extending across Europe from the Pyrenean peninsula to the Black sea. The determin
ing element ofthe structure ofthe BM are several SW-NE trending zones separated usually by 
deep-seated faults, which are usually reflected very distinctly in the geophysical fields. The 
fault structures are essentially parallel with the boundaries of individual Hercynide zones. The 
intersection of these zones with the second order system of NW-SE trending faults is respon
sible for the complicated block structure of the BM. Those blocks in the east, northeast and 
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periods ranging from about 1000 to 7000 s. In our further analysis the- single-station GTFs 
were used to generate anomalous magnetic fields and equivalent internal current systems. 

3 Calculation and analysis of anomalous magnetic field using 

single-station transfer functions 

To obtain a closer insight into the internal sources and the character of the anomalous induc
tion, we applied the approach of Hypothetical Event Analysis (HEA) suggested in paper by 
Bailey et al. (1974), and developed further in Banks and Beamish (1984), and Banks (1986). 
There are two approaches we use in below. 

a) Hypothetical event analysis (HEA)

No anomalous response in horizontal field is assumed. Applying a hypothetical uniform ex
ternal inducing field of a specified amplitude and azimuth, and varying its azimuth to find the 
configuration that pick out the zones of anomalous induction most clearly, we generated and 
contoured the distribution of the anomalous magnetic field across the area covered by the sin
gle-station GTFs estimates, 

H =H0 
=lxcos0

° H =H 0 
=lxsin0

° H =AxH0 +BxH0 

X X ' y y ' Z X y •

The results of this approach are displayed in the set of contour maps in Fig. 3. 
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Figure 3: Contour maps of anomalous vertical magnetic field component (in A/km) generated by primary in
ducing field of unit module across the array of 150 sites with single-station GTFs estimates for the variation 
period of96 min.Varying azimuths of the linearly polarised inducing field are shown by labels. 

b) Separation of the external and internal magnetic fields

The horizontal magnetic field has both the external (regional) and internal (anomalous) 
parts. Using 3-D Hilbert Transform analogy we obtain the following relations between the 
magnetic field components in the non-conductive air, 

e I f-f- (x-xo)H
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2 

+ (y- Yo)2 

H; = lxcos0° ' H; = lxsin0° ' H
z

= AxH
X 
+BxH

Y
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With known GFTs, A and B, the above formulae can be considered a coupled system of inte
gral equations for the horizontal magnetic components if the primary external field is given. 
Solving these equations, either in the space or in the wave number domain, the HEA can be 
refined to give both anomalous vertical and anomalous horizontal magnetic fields for various 
azimuths ofthe primary external field. 

Analysing the results of this refined approach, we conclude that practically the same dis
tribution of the vertical component is generated as that in HEA approach. In principle, the 
most prominent induction pattern is expected to be obtained in both these cases when the ex
ternal inducing field is perpendicular to the strike of an anomalous zone and the currents flow 
is parallel to its strike. W e can see in a series of contour maps in Fig. 3 that both anomalous 
zones are well defined when the azimuths of the regional field are between 30 and 60°, and 
further for azimuth of 150°, corresponding approximately to NNE and SSE orientation ofthe 
regional field, respectively. The NNE azimuth, however, is practically parallel to the strike of 
the anomalous zone in the eastern margin of the BM. Both azimuths seem to suggest a strong 
influence of a conducting structure elongated in E-W direction, and of additional current dis
tortions by 3-D structures. 

The refined approach makes it possible to simulate not only the vertical field, but in addi
tion also the horizontal GTFs and corresponding arrows. Relating difference fields between 
results ofthe refined and HEA approaches to normal horizontal components according to for
mulae 

Hs _ HHEA = T HHEA + T HHEA X X .UX XJ' Y '
Hs HHEA T HHEA T HHEA 

y- y =yx x +yyy ,
we estimate the complex elements T

ij 
. As the imaginary parts are very small, we define the 

arrows of only real parts, Tx = (Re T,u , Re J;,x ) for the north, and T
Y 
= (Re T

xy
,Re T

YY
) for the 

east oriented primary fields. The results displayed in Fig. 4 show that the north oriented field, 
and corresponding E-W currents, generate a substantial anomalous part ofthe field evidenced 
by maximum arrows on the axis of the WCA zone. Also the BMA pattern seems to be evident. 
For the east oriented field, tbe WCA zone almost dissapears, while the BMA zone remains 

Simulated horizontal GTFs • real (T xx,T yx), T =1920 s Simulated horizontal GTFs-real (Txy,Tyy), T=1920 s
' 

15 16 17 18 19 20 21 22 
Longitude (deg) 

Figure 4: Distribution of vectors corresponding to real parts of simulated horizontal GTF s, T= 1920 s. 
Left: north oriented primary magnetic field ( components T = T yr)- Rigbt: east oriented primary magnetic field 
(components Tr;, ,TY.I). Shaded area marks regions with arrows with magrritudes > 0.1. 
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clearly present across a slightly changed area. The magnitudes and spatial distribution of ar
rows remain essentially unchanged and, thus, independent of the direction of extemal inducing 
field. In this way, the different character of both anomalous zones is further evidenced. Clear 
2-D character of the WCA anomaly is supported by imaging anomalous horizontal fields,
while source and process of the BMA belt seems to be connected with distortion of currents by
a conductor unknown as yet. With the seemingly paradoxical situations, when a quasi-linear
anomaly is best· excited by transversal currents, the question arises of possible large-scale
static distortions of the geomagnetic transfer functions in the area involved. W e will devote
the next section to the analysis ofthis possibility.

c) Estimation of the static-distortion effects

A near-surface conductor, which is much smaller than the skin depth corresponding to the 
range of periods under investigation, can cause a spatial deviation ofuniform regional curreri.ts 
through this local anomaly that generates anomalous magnetic field Ba . Following the ap
proach suggested in Ritter (1996), the local superpösition of an anomalous field on the re
gional magnetic field B0 causes magnetic distortion 

B a =D-E0 =D.Z 0 -B0
. 

F or the vertical component, we then have 

n; =(D�, D
zy
)z'(!D, 

where Dv: ,Dzy 
are the vertical components of the magnetic distortion tensor (real and fre

quency independent ) and Z O is the regional impedance tensor ( contains complex phase in
formation). Single-station GTFs cail be expressed by following relation: 

(A,B)= (A 0 ,B0 )+(Aa ,Ba ), (Aa ,Ba )=(Dv:,Dzy )z0

When the anomalous magnetic field is assumed to have a unit amplitude and azimuth 0*, the 
predicted magnetic field 

p -[( o o ) ( )zo (1 · cos e · )] 
Bz - A ,B + Dv:,Dzy 

. • 
1-sm0 

Real and imaginary parts of s: for all sites, representing the same regional structure can be 
plotted in diagrams in the complex plane (Fig. 5), and then the data can be examined by 
gradually varying the angle 0 • . 

When the regional structure is 1-D, the data in such diagrams arrange well along the line 
through the origin which indicates the phase ofthe regional impedance. The slope ofthis line 
does not depend on changes in the azimuth ofthe hypothetical variation event. 

If the regional structure is 2-D, the distribution of the values in the complex plane is 
highly dependent on the azimuth e•. The data tend to cumulate closely along a line at a hypo
:hetical field azimuth parallel to the regional strike direction, and at the perpendicular direc
:ion as well. The slope of this line indicates the phase angle of one of the regional impedances. 

Analysing in this way the complex diagrams for the anomaly at the eastern margin ofthe 
BM, we do not obtain any clearly visible linear pattem for the most of the data, except the 
:ongest period available. For the period of 96 minutes, the points seem to arrange along a 
stright line for the direction of the regional field of about 60° (Fig. 5). For the perpendicular 
direction of this primary field, however, the data do not fall on a line, and cluster in a rather 
:norganized way. Thus, we can conclude that either the distortion model is inapplicable at all 
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in the specific conditions of the BMA, or that a considerable part of the observed vertical 
magnetic field results from the 2-D regional field, which violates· the assumptions of the pro
cedure applied. Unfortunately, no data are available from the region immediately to the N of 
our region of interest, which could give better idea as to the large-scale current distortions. 
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Figure 5: Diagrams of ReHz versus lmHz for different orientations of the prirnary inducing field and the pe
riod of 96 min. The data set was restricted to only the eastem margin of the BM. The negative slopes of dia
grams are due to the reverse sign convention for the imaginary GTFs. 

4 Equivalent current systems in a thin sheet at different depths 

A thin sheet approximation can be applied when the long period variations are analysed 
(pseudo-stationary approach, w -+ 0). In this case, the geomagnetic induction anomaly source 
is replaced by an equivalent current system in a thin sheet at a specified depth. In the unimodal 
case, the conductivity of the host medium is neglected, in the bimodal case the thin sheet is 
surrounded by a medium with a finite resistivity and can exchange currents with it. 

The magnetic field at a point · P
0 
(x

0
, y

0
, z

0 
= 0) on the earth's surface, produced by the 

current element with co-ordinates (x,y,z) in a current sheet, can be written down using the 
Biot-Savart Law ( Banks, 1979) 

s:u ( )=
(x-x

0
)1/r)-(y-y

0
)J

.,,
(r) 

,1_dy u.a, ro � ]312 U.A 

l(x-xo)z +(y-yo)2 +zz 

where J
.,,
, J 

Y 
are the current density components that can be expressed as derivatives of the 

. a 'lf(r) d'lf (r) 
current stream funct1on \jf : 1

.,, 
( r) = 

a 
, J y( r) = -- . 

y ax 

The vertical current density l,{r) in this thin sheet model is constrained to be zero. Then 
the 2-D Fourier Transform is applied and the equation is inverted to express the current stream 
function: 

'ii(k,z) =
exp{21tlklz) -
---'---�H 

1tlkl 
4 

Following the method designed by Wang (1987) for taking into account effect of a con
ductive layered Earth, still under the assumption of the unimodal induction, we could further 
partly consider the influence of the conductive host medium on the current functions. For re
sistivities ofthe host medium ofthe order ofthousends of Qm, corrections to the empty-space 
sheet currents are, however, practically negligible. 

80 



5 Equivalent current systems for the eastern margin of 
the Bohemian Massif 

Procedures described above suggest a practical method for generating maps of the equivalent 
current stream functions at different depths. Smooth configuration of the current function 
contours can be obtained only for depths above the current sheet. If the depth exceeds the 
anomalous current source depth, instabilities appear in current function distribution in virtue 
of continuing the field beyond the source top level. This process is demonstrated in Fig. 6 for 
the source depths of 10 km and 20 km. From the previous geophysical and geological data the 
internal source of the anomalous field at the eastem margin of the Bohemian massif is ex
pected to be within the depths from about 10 km to 25 km. Having generated equivalent sys
tems corresponding to NE orientation (60°) of inducing field for a series of different current 
sheet depths, the source depth is concluded to be about 18 km in the WCP region and about 
10-12 km in the BM/BV region. These estimates are suggesting the anomaly sources in aver
age at shallower depths than those obtained previously (16-26 km in the WCP region, 
(Jankowski et al., 1985), and 18-23 km at the eastern margin of the BM, (Pecova and Praus, 
1996) by separating the magnetic field into internal and external parts and applying the line 
current approximation). Both results are not controversial anyway, as line current approxima
tion gives the maximum source depths. 

Tllin sheet depth: 10 km 

100 

., 

15 16 17 18 19 3l ß ffi IT ffl � 3l � � 

Longttude (degs) Long ltude (degs) 

Figure 6: Current stream functions (units A/lan) for the period of 32 minutes for a thin-sheet embedded at the 
depths of 10 and 201an in a surrounding medium with conductivity of0.001 S/m. Azimuths ofthe primary field 

is N60°E. 

6 Conclusions 

♦ The induction response data across the target area clearly indicate two anomalous zones -
the West Carpathian Anomaly (:NCA) of a 2-D character, which can be interpreted as a
linear conductor extending along and distinguishing the whole Carpathian lithospheric
plate, and a more complicated 3-D anomaly over the eastern margin of the Bohemian
Massif (BMA). This picture does not principally change even after subtracting estimated
effects ofboth the shallow conductive zones, assessed from the conductance maps across a
broader region, and deep conductors at presumably asthenospheric depths, indicating thus
pronounced crustal anomalies to be responsible for the observed induction pattern.

♦ Contour maps of the Central European induction data suggest a close connection of the
BMA and WCP anomalous zones with those distinguishing the Trans-European Suture
Zone extending across the Northern Germany and Poland (Cerv et al., 1997).

♦ Analysing the vertical magnetic field distribution calculated from single-station transfer
functions by two approaches, we find the best response for the perpendicular azimuth of
the external field in the WCP anomalous zone - N-orientation for the central part ofWCA,
NNE orientation for its eastern part and SSE orientation for its westem part - when the
currents flow along the axis of the anomaly. On the contrary, for the BMA the best re-
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sponse is seen for the extemal field quasi-parallel with the anomalous zone - for the N ori
entation in the northem part, and NNE to NEE orientation in its central and southem part. 

♦ Contour maps ofthe intemal vertical field component and equivalent current systems gen
erated from the GTFs for varying azimuths of linearly polarised primary field seem to
suggest a strong influence of E-W striking structures and subsequent current deflection by
the 3-D structure ofthe region. Distribution of the equivalent current systems for a model
of a thin sheet embedded in a two-layer medium indicate current flow concentration along
both anomalies if the extemal inducing field is oriented perpendicular to the WCA strike
and quasi-parallel to the BMA direction.

♦ The analysis of contour maps for current sheet depths between 10 and 20 km (Fig. 6) sug
gests an anomalous field source ofthe WCA at a depth of about 15-18 km, while the BMA
source seems to be located shallower, at a depth of about 10 -12 km.

♦ From the equivalent intemal current systems we can assume that in the case of BMA the
anomalous intemal fields are created by extemal source perpendicular to the anomalous
zone. Two highly conducting zones seem to exist: in the SE (belongs to the Pannonian
Basin) and in the NW, the latter being, however, not clearly attributable to the electrically
anomalous regions known from the Central European region. The general trend of the re
gional field is then NW-SE and, on the eastem margin of the BM, a connection of the
anomalous zones through a current channel seems to exist. BMA then seems to be a com
bined result of induction effects and current channelling. In correlation with deep geologi
cal structure this zone can delineate deep-seated boundary oftwo tectonic blocks with dif
ferent geological history.
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