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Abstract. The study of the floor structure, particularly iotige zones, is primary
importance for geodynamics and geochronology. Thesults of the
magnetovariational observations in different paofs the Bulgarian continental
offshore and land-based magnetovariational obsenstn Bulgaria are discussed in
this report. The geomagnetic variations in the watere measured by the bottom
three-component (H, D, Z) flux-gate magnetometefs a result electrical
conductivity functions in the period range of 10nnto 3-4 h were calculated.
Analysis shows very small values of the magnegddfivertical component on the
south part of Bulgarian territory and adjacent auertial shelf. Magnetic variations
at the north Bulgarian shelf differ very strong fromese at south. Non-uniform thin-
sheet model was applied to invert this data. Both #lectromagnetic (EM)
measurement data themselves and their joint asalysih the data of other
geophysical methods determine the crust condueiimg existence both under south
part of the Bulgarian offshore of the Black Sea anden the east part of Rhodope
massif. The crust conductivity layer is about 3 km thickthna resistance of 8m
and conductance approximately of 1000 S. To somigaBan hydrogeologists
thinking autochthonous in this shear is the thiakel of karst marbles what they
describe as a large deep bedding artesian bagirhyidirothermal karst and ascending
underground flow. Waterproof layer is the platelding by the Rhodope granitoides
series. Taking into account results of the EM itigasions and the data of other
geophysical methods it is possible to speak abaub@portunity of existence of
conducting astenosphere layer under East Rhodopehsoaith part of the Bulgarian
offshore which begins from 50 km depth. A possibdiplanation for this phenomenon
is that the upper mantle beneath the Aegean ragideated by hot asthenospheric
material that penetrates the lithosphere througtvection. These results conform to
the high values of the heat flow observed here amadin concordance with modern
view on the deep structure of the neighbouringaesii
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I ntroduction

Marine electromagnetic methods, in particular gegmeéic depth sounding
(GDS), lend to mapping the electrical conductidtgucture of the seafloor, particularly in
active zones. Physical properties such as porgsitgial melt content and temperature can
be concluded from electrical conductivity estimatasd geological structure inferred in
turn from contrasts in physical properties, inchgdconductivity itself.

Now electrical methods gained status as a techknfqu studying tectonics by
becoming part of multi-disciplinary programs. Iristliespect, conducting layers location
and temperature - depth distribution are the probégeas of high interest, as they could
increase our understanding of the internal prosesssponsible for the characteristic
features of these regions. At construction of caxmgeophysical models it is important to
consider geoelectric data.

This paper presents the results of complex maritend-based electromagnetic
measurements on the Bulgarian continental offshockin the East part of Bulgaria.

The objective of the study was to get informati@meerning a sedimentary cover and the
deep structure to use it as basic knowledge fothdurgeotectonic and seismological
investigations.

Less attention was given to the geoelectricalcstne of the upper mantle though
traditional marine EM instrumentation makes meawargs at long periods (greater than
100-1000 s) and is sensitive to the conductivespairEarth's mantle. At the same time the
considerable changes in the geothermal conditidnthe Aegean region suggested the
possible existence of a substantial conductivignaaly in the upper mantle.

The “coast effect” associated with the strong ¢eaof the depth of the sea could
be expected to play a major role in the behaviahefelectromagnetic fields nearby Black
Sea continental slope. However it was observednnalt parts of a shelf.

The present work purpose is application of datzeived during geoelectrical
observations for confirmation or denial of aboventi@ned hypotheses, namely:

i. Whether there is a buried layer of unconsolidaticks under the Rhodope zone?
ii. Whether the EM data will be coordinated with zone of the increased
temperatures in the top parts of a mantle, whidbusd out by other geophysical methods
under the Balkan-Aegean territory?

Statement of theory and definitions

The magnetotelluric (MT) method, which employs #&iec and magnetic
components, is traditionally used as main toolh&f tieep geoelectric. The fact is that as
rule magnetotelluric sounding (MTS) curves are wdiflly distorted by horizontal
geoelectric inhomogeneities of shallow and deepraat

Geomagnetic deep sounding (GDS) and magnetoaratiprofiling (MVP)
methods are based on the magnetic components Timby. are useful for detecting lateral
conductivity variations and are widely use teche&uThe natural way to eliminate non -
uniqueness of the MTS data interpretation consistise combined application of MTS and
GDS techniques and, eventually, the developmeatg#neral deep EM sounding technique
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based on simultaneous field recording over a wigguency band. Magnetovariational

profiling gives qualitative information on the &&s of the structures and allows doing deep
sounding with the use of the "coast effect". "Coeffect" is frequency - dependent

horizontal electric- and vertical magnetic fieldastal anomalies. The horizontal electric-
and vertical magnetic field components show alneggtally large changes near coastlines,
and nearby continental slope.

The magneto variation data were analysed usingTth@sfer Function method
(Schmucker, 1970; Gough and Ingham, 1983). Thisqaore leads to the simple equation,
which, for each station and period T, linearly tetathe Fourier transforms of the horizontal
magnetic variations X, Y, to the vertical one (&ing two complex transfer functions
A and B:

Z (T) = AX (T)+BY (T)

Lateral differences in transfer function valuesrelsterise different geoelectrical
properties, while the frequency dependence givessaformation on vertical distribution
of possible conductive bodies under sea bottom. tidvesfer functions can be reproduced
graphically with two arrows, which represent the#al (in-phase)Cu and imaginary
(quadratureCv parts.

We fit these data to the class of 1-D, 2-D and @eelectrical structure. The 3-D
interpretation based on non-uniform thin-sheet mide(Zinger and Fainberg, 1985) was
applied for the data interpretation.

Geological and geophysical setting

The following main tectonic units are present indawia (from north southwards)
(Bonchev, 1971), (Fig. 1): (1) The Misa plate is thestern part of the Paleozoic platform
of southeastern Europe with the epibaikalian baséme
(2) The Alpine orogenic area is the northern portid the Balkan-Asia Minor orogen. The
orogen includes a tectonic zone of the Middle Mairg with widely developed
volcanogenic -sedimentary formations and intrudiwenations of the Upper Cretaceous
folded zones of Stara Planina and Balkan Piedmonts.

(3) The Rhodope massif. The geological unit of @mdope massif is of a central position
in the Alpine space of the Balkans and the tectaoicception concerning it has always
strongly influenced the ideas for the geologicatl anetallogenic development of this
Alpine segment as a whole. These conceptions hasleezl from strongly fixistic for a pre-
Palaeozoic, stable, high - metamorphic internalsihgKozhukharov, 1984) to mobilistic
for a south vergent Alpine zone (lvanov R., 198daniov Zh., 1984). Indirect data
(thickness of the crust, the great gravimetricgition and diaphthoritic structures of rocks)
and direct observations, based on a interpretadompetrographic and structural data
obtained by the deep drilling operations in the éRipe massif are involved to conclusion
for the existence of a deep-seated Rhodope Nappe.

26 Bulgarian Geophysical Journal, 2006, Vol. 32



L.M. Abramova , D.Yu. Abramova : Some results afmatovariational...

ROUMANIA VIIT

¥

TURKEY

¢ = ] electromagnetic
stations

@2 obs Panagurish te

E profiles

Fig.1 The area of electromagnetic investigations: (1)iMastations, profiles and observation points
in the Bulgarian territory.

Geotectonic provinces: | Misa platform; Il West Badktectonic zone; Ill, East Balkan tectonic zone;
IV, Balkan Piedmonts; V, Middle Mountains; VI, Kraide; VI, Strandzha, VIII, Rhodope massif.
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The autochtone is of the Philippi Series (Ph) - lemetamorphic rocks and the
allochtone is of the Rhodopean Series (R) - the mgtamorphic rocks (lvanov, 1981).
There are the following arguments for the preseriche Rhodope Nappe:

a) It is abnormally big thickness of the Earth’sstrin the Rhodope zone (up to 50
km), which becomes more thin (up to 30 km) to thartN in the area of the Misa plate
(Dachev, 1988).

b) Determination under West Rhodope of a wave-auiohe in the upper part of
the crust at the 5-10 km depths by seismic dataart be connected to presence of the
buried sedimentary rocks of high (4-5 km) thickn@dse maximum thickness of the wave-
guide is under the Pirin anticlinorium equal 8-9 &md the minimum depth of occurrence of
its roof is 2-3 km. Thickness of the wave-guideusss southwards and northwards from
this part. (Dachev and Volvovsky, 1985).

The structure of the crust and upper mantle okgadjacent to Rhodope massif
has been studied by many geophysical methods. Beismic sounding was performed in
the Aegean Sea (Macris, 1977, 1978). The deeptstau of the Aegean region is
characterised by low velocities in the upper manflee seismological data (Alsan et al.,
1975; Spakman et al., 1988; 1993) confirm thatujmger mantle beneath the Aegean region
is hot, and its density and seismic velocitieslaveer than normal. It corresponds also with
a combined analysis of gravity and seismic data.

The Aegean Sea, south Bulgaria and western Tur&eg high heat flow values of
more than 2.0 H.F.U (Macris, 1978, Velinov and Bijigva, 1981). A possible explanation
for this phenomenon is that the upper mantle béndéwt Aegean region is heated by hot
asthenospheric material that penetrates the littergpthrough convection.
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Jacobshagen and Macris (1974) have offered a geimah model of the Aegean
region, explaining the heat flow pattern, velodigld, and tectonic activity of the Hellenic
arc. Their model involves a hot lithospheric thersystem that exists beneath the region
and originates from an asthenospheric trough; treey assume a large thermal dome
(mantle diapir) under the Aegean Sea. This systembe made by relative movements of
Europe and Africa and, possibly, by the subductiboceanic crust beneath the European
plate. Result of it is high seismic activity obsanle in the Aegean zone.

Isotherms 11760 C and 1300 C are raised up to 85 and 100 km depths respéctive
within the 120 km thick lithothermal zone below tAegean Sea, see fig. 2 (Macris,
1978).
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Fig. 2. Geophysical section across Bulgaria and northéticaA(Macris, J., 1978).

Area descriptions, methods and material studied

Magnetotelluric sounding (MTS), geomagnetic deepndging (GDS) and
magnetovariational profiling (MVP) measurementseéhéeen made at about 80 points in
Bulgaria and at the adjacent Black Sea offshoree Tistory and results of these
investigations on Vllu VIl profiles are described partially in (Abramow al., 1994,
1997).
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The location of all profiles and the electromagngariations measurement points
on east parof the territory of Bulgaria and in the Black Seported in Fig. 1; the overland
stations names and titles are listed in Table 1.

Tablel. Station names for profiles.Profiles and statiaressnumbered according to notations in Fig.1.

IX profile VIII profile "Connected" profile
(circles on the fig.1) (squares on the fig.1) |[(inverse triangles on the fig.[l)
Ne |Station name and title [Ne |Station name and title)Ne Station name and title
1. [Krestevich KPT) 1. |[Balchik (BCH) 1. Izgrev (1ZG)
2. |Gorna Makhala (GML) |2. |Spasov (SP) 2. Wisitsa (WZC)
3. |Babek (BBK) 3. |Dropla (DP) 3. Bliznak (BLZ)
4. |Saedinenie (SOE) 4. |Vyglen (VG) 4, Fakiya (FKA)
5. |Strelets (STR) 5. |Zdravets (ZD) 5. Bolyarovo (BLR)
6. |Kovachi (KVC) 6. |Golitsa (GOL) 6. Granitovo (GRT)
7. |Mladovo (MLD) 7. |Debravino (IEB) 7. Ustrem (UST)
8. |Khanovo (HNV) 8. |Galbets (GL) 8. Studena (STD)
9. |Alexandrovo (ALD) 9. |Sadievo (SD) 9. Chernodub (CDB)
10. [Dobrinovo (DBR) 10. (Belila (BL) 10. |Kamil. Dol (KMD)
11. |Orlintsi (ORL) 12. |Livada (LVD) 11. |Pelevun (PLV)
12. |Livada (LVD)

Profile VIII crosses the main tectonic elementarfrthe north southwards which
form the territory of East part of Bulgaria, i.eidd plate, Balkan, and, in part, Strandzha.
The length of the traverse is about 200 km; 11teetagnetic stations had been placed on
it.

The east part of the profile IX passes on latitddection along a folded zoraf
the Middle Mountains up to coast of the Black S@ar@gas porty and further in the sea up
to 300 m isobaths

Measurements have been also carried out alongcalsat “connected” profile. It
adjoins to the profile VIII and crosses area Stedwadand East Rhodope. On this profile 9
points of deep GDS and MTS have been made.

We made sea bottom magnetovariational measurera¢rfiteen points on the
offshore of BulgariaTime variations were observed at stations lyingragpimately along
the profile off Kaliakra Cape to southeast up t0 8®isobaths.

The second sea profile continued the traverse Keatine from Burgas port to east.

It has been made about 10 installations of bottatiosis. The data received from them, are
incorporated into 3 groups designated here as Rlaml B3 (depths of sea 50,100, and
300m accordingly). The sea bottom stations codepthd and geographical co-ordinates
are listed in Table 2.

During the land experiments synchronous measurentsna 5-component station
IZMIRAN-5 were carried out. They measured the D &3t H (+north) and Z
(+downward) magnetic field and Ex (+north), Ey (s®aelectrical field components. A
scale value of magnetic components was 0.4-.8 hElextric field - 0.1uV/m, a time
resolution of 0.3 -1 min.
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Table2. Profiles, codes, depth and geographic coordiratde sea stations

Profile Code Latitude Longitude | Depth, m
Balchik-Black Sea | S2 43° 06'N 28° 46'E 200
Balchik-Black Sea | S4 43° 09'N 28° 43'E 300
Balchik-Black Sea | S5 43 09°N 28° A5 E 100
Balchik-Black Sea | S6 43 11°N 28° 29'E 200
Burgas-Black- Sea| B1 42° 26'N 28° 00'E 50
Burgas-Black- Sea| B2 42° 26'N o8 17°E 100
Burgas-Black- Sea| B3 42° 26'N o8 37°E 300

Variations in the magnetic field at the sea bottavere measured with three-
component bottom flux-gate magnetometer. The flategmagnetometers measured the
geomagnetic field time variations along three agliiaéctions D (+east), H (+north) and Z
(+downward). A scale value of flux-gate magnetometas as rule about 0.5-1nT, a time
resolution of 0.5-1 min and an automatically wogkjperiod of 8 days. The set at the seabed
contained a magnetometer with blocks of compensationtrol, orientation, power and a
recorder. The scheme of the sea magnetic compkhoisn in Fig.3.

BUOY

100-2000 m

Sea floor
magnetometer

N — -

Fig. 3. The scheme of the measurement instruments coraplie bottom of the sea.
Here the result of the magnetic measurements oifilpevconsidered.
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The analysis of experimental data

As a result of overland and sea observation daieegsing transfer functions for
each point of observation were calculated.

Electromagnetic transfer functions values (comptmeof magnetic tensors,
complex induction vectors etc.) have been calcdlatea range of the periods from 10
minutes to 3-4 hours (in some points to 24 howgnetic tensors are determined also in
ration to a base point in Panagyurishte observatory

All this complex of parameters was used for theaesh of conductivity properties
of the Earth’s crust and mantle in territory of alia and adjoining water area of the Black
Sea shelf.

The ccarried out earlier and modern analysis oterental data has revealed the
following features of electromagnetic field in feary of East Bulgaria:

1. Definition of a sediments effective conductart®@ on curves of apparent
resistivity pT gives value about 1000 S, including East Rhoduogssif and Strandzha zone,
folded on a surface by crystal slates and grare®idith very high values of specific
resistance. These results are similar to the eadmults received in the Western Bulgaria
(Abramova et al., 1997).

2. Presence of the maxima complicated with locaimma, on longitudinal curves
of apparent resistivityT, corresponding in 2-D case i - polarization, unusually low
values of apparent resistivity in Chernodub, Peatev@ranitovo T about tens and even
onesQ m) allows to assume an opportunity of presenogedf conducting layers in a crust
and, probably, conducting asthenospheric layerilaiyn placed in the Western Rhodope
zone.

3. Amplitudes of vertical components of a magnééld, and, hence, components
of vectors of inductiorCu andCv, on land and in a southern part of the Bulgariaglfs
practically everywhere are small: ratio of verticamponents to horizontal Z / H have sizes
about 0.1-0.2 and poorly depend on frequency. Rese points of observation frequency
curves of amplitudes of real and imaginary partsndfiction vectors in Livada are typical
(fig. 4). Itis necessary to note, that it is hgdical for behaviour of EM field variations in
of Alpides type zones. For example, in the Carpatlsignificant changes of Z / H are
observed (about 1 and more) along the profiles vbioss of tectonic structures (Zhdanov
et al., 1993).

4. At northeast coast and water area of Black tBeaclassical "coast effect "
presents. Distinct frequency curves for real andgimary parts of induction vectors for
north shelf part and point Balchik are shown in igThe maximal values in the point most
removed in the sea reach sizes 1.3, approachirgj ttaasize of vectors decreases.

The analysis of frequency curve of induction vest@al and imaginary parts in areas with
similar geological-geophysical and bathymetric gbods (a short shelf, abrupt continental
slope), shows, that here the character of EM fi®taviour is in good consent with the
theory. So the real part of induction vector in thest removed in the sea point S4 has two
maxima: one is on the period 800-900 s, anothdroutione hour. The first is apparently
caused by the contrast of resistance of the Blaekv@ater and sediments and borders of the
land — sea division, the second, most likely, Hiveedeep nature.

EM field orientation in points along the Black Sazast in northern part of VIII profile is
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influenced with contrast of conductivity betweer tand and Black Sea basin.

5. Unlike a northeaster zone, in southeaster BislgaM field orientation both on
land and on a sea part of a profile IX, does notespond to the superficial structural plan
of the basic tectonic elements and means the plebdibcrepancy of the basic deep
geoelectric borders and geological objects in te ftoors of an earth's crust. While on
profile Balchik - Black sea the classical "coagfiéct” is observed, it practically is absent
in sea and overland observation in a southern glathe Bulgarian shelf both on sea
continuation of IX profile, and on a "connectedbfie. It is shown on figs. 4 and 6.
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Fig. 4. Frequency characteristics of the real (Cu) andjinay (Cv) parts of the induction vectors on
the Livada (LVD) land-based station and sea botitations B1, B2, B3.
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Fig. 5. Frequency characteristics of the real (Cu) and inzag (Cv) parts of the induction vectors
on the Balchik (BCH) land-based station and sea bostations S3, S4, S6.

Amplitudes of induction vectors real and imaginparts are essentially less than
in northern part. Fig. 6 shows comparison of fremyecurves for northern and southern
points of magnetic field sea observation locateddentical depths of the sea, 300 m.

A difference in amplitudes of magnetic vectors ssential, in view of the fact, that the
distance between northern and southern structures ot exceed 150 km. In the south the
influence of a continental slope and the land -czadrast practically is not felt.

It is known from theoretical modeling calculatiptisat using value of a maximum

of frequency characteristics of induction vectoealrparts and having assumed that the
maximum is caused only by influence of the lanaa sontrast; it is possible to estimate
empirically the depth of the sea in the area ofsueaments.
Frequency characteristics in the observation pdinated near the sea (Livada, Dobrinovo,
etc.) and at sea stations have a maximum on thedpgbout of 30 min that corresponds to
the sea depth of 3.5 - 4 km. Actually the depthhefsea in this part of water area is 2 km,
so it maybe assumed, that maxima of frequency ctexistics are displaced in area of
longer periods owing to influence of conductivity the underlying layers weakening
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influence of the land - sea contrast on EM fielthdogour. It is not observed on Balchik -
Black Sea profile.

H -4 300m —a—u, 54|
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Fig.6 Comparison of the frequency characteristics of #a (Cu) and imaginary (Cv) parts of the
induction vectors for the north and south partsth@ Bulgarian shelf in the presence of same
bathymetry.

Interpretation of the observation data.

It is known that induced in land surrounding watreas EM fields render
deforming influence on overland measurements. Aakegf this influence on results of EM
field measurements was estimated with the helpinfgheet modelling method.

The Bulgarian geophysicists J. Borisova and A. Védiad constructed a map of effective
conductance of Bulgaria sedimentary cover on theisbaf geological, geophysical
exploration evidence. The conductance changed #0811000 S in the north of Bulgaria
and did not exceed values of 5-10 S in Rhodopeifmase map has been added by values
of effective conductance of surrounding territorie$ien calculations of thin-sheet model
were made.

Calculations of the thin-sheet model containingyon superficial film of
sediments, have shown, that on Misa plate expetahand theoretical values of magnetic
parameters coincide among themselves well enoweghfig.7a.White circles show results
of calculations for Balchik.

As to a southern part of researched territttvy discrepancy is great: ratio of
vertical component of magnetic field variationshorizontal component and sizes of the
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induction vectors received at calculations are @me times more than received in
experiment, fig. 7b. White circles submit results aalculations for p. Livada, white
squares- for sea point B3.

—— BCH_exp

—RTIE IREAL (C)

—— 1 Enn
A & ECH_3D 1.2
/ \ —m— 56 3D
/ —— 54 3D - 1,0
o BCH_ =
= A \*qé‘ 08
/ N
| |
. L

res . u ' o4
A o o] .
-0 - 0,2
I T T T T T T T T T T T T T DI,I:::I

600 900 1800 2700 4500 6400 10000T,.S

Fig.7a Comparison between observed and computed transfietidns of the magnetic field for
stations located on Balchik-Sea profile. Symbolstfa curves: "exp"- observed transfer functions;
the thin-sheet numerical modeling: "s" computedhdfer functions for model without conducting
layer in the crust, "3D" - computed transfer fuans for model included of sediments, the conducting
layer in the crust and the upper mantle parameters.

These results are illustrated alisofigs. 8 a and 8 b on which map of induction
vectors amplitudes distribution for the period 36§0received experimentallya8and
calculated for the thin-sheet model including sfipid sedimentary layer for the same
period, 8b, are shown. If in experimental maps higher values of amplitudes of the
induction vectors are observed only in northerrt pastudied territory, on calculated maps
they are observed in regular intervals for nortterd southern parts of the sea and the land.

It means that in territory of East Bulgaria, tteeng as in western part, the lateral
contrasts in distribution of effective conductamfea sedimentary layer from the north to
the south are not observed, and it can be suppbsaédhere is the existence of the buried
under Rhodope sedimentary layer. Evidently thislteorresponds to the assumption about
buried sediment rocks existence under the highlgtalline metamorphic rock complex and
granitoidesor a different source of high electrical conductivity.
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To solve the problems of three-dimensional 3-D efioth, the experimental, the
multifrequency EM data and results of their 1-Ddrsion were used.
The first step in constructing geoelectric modeisthe lithosphere was to synthesiae
priori information in the form of the subsurface conduttidistribution and regional deep
1-D conductivity structures. Results of prospectii§j and GDS soundings and results of
the analysis of other geophysical and geologicta éi&re used to estimate the subsurface
conductivity.
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Fig.7b Comparison between observed and computed trandfietidns of the magnetic field for
stations located on Livada-Sea profile. Symbolssarglar specified orfrig.7a.

We considered also geological arguments concethiagverall structure and geodynamic
history of this region.

Here we eliminate to estimate the influence ofidiirunder Rhodope crust
conducting layer on the induced in the Earth cugs:€hhese estimations have been received
as a result of construction and calculations of thedel, which consists of several
geoelectric layers.

Maps of the conductance distribution of the seditamgnheterogeneous cover So, and
bedding under Rhodope area conducting crust lagepat in a basis of 3 D geoelectrical
model.

For the region of Alpides type of the geologicattry we have included in the
cross-section the upper mantle layer with increasedluctivity.
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Fig. 8a. The map of real parts of induction vectors disttion in East Bulgaria (observed data).

As a base for the upper mantle part of the initialdel it was used the geophysical model
proposed by J. Macris (1978). This model of thescand upper mantle of the Aegean-
Balkan region was developed by geophysical infolmnatonsidering available from the
area of this zone: the results of the deep seismiadings, the gravity, the magnetic and the
seismicity. In the geoelectrical sense the featusésthis model point to the high
conductivity zone existence what rises to the depttout 50-80 km (so-called
"asthenospheric diapir") and the presence of tmelacting crust layer under the Rhodope
zone, see Fig. 2. The resistance values of thers$pheric conductor were calculated from
the relationships that determine the temperaturgadial melting of upper-mantle material
and conductivity (Van'yan, 1997).

The thin-sheet method developed by Ed. Fainbargifianterpretation of the EM
data allows carrying out correct calculations of Eklds above a cross section including
laterally inhomogeneous S-sheets placed at soméesigside a layered medium.

E. B. Fainberg carried out calculations of thinettraodelling of fields developed by him
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and Zinger, (Zinger and Fainberg, 1985) for 5 misiof variations: 400 s, 900 s, 1800 s,
3600 s and 5400 s.

o0 01 02 03 04 05 06 07 08
Sedim_Mod

Fig. 8b. The map of real parts of induction vectors disttion in East Bulgaria (model without
conducting layer in the crust).

Series of models has been calculated at differaltes of total conductivity of
crust layer at presence and absence of conductthgreospheric layer.
Results of calculations have shown, that contaitinthe model the conducting layer in a
crust, we receive the good agreement of the exgetethand calculated data.
Presence or absence of asthenospheric conductemdbeender an essential influence on
behaviour of calculated fields.

Fig. 8c illustrates the distribution of inductimector amplitudes for the period
3600 s obtained by this model. It is visible, thiaes of vectors in a southern part of a shelf
and in East Rhodope are essentially closer to erpatally received, than in the model
containing only a film of superficial sediments.
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Fig. 8c. The map of real parts of induction vectors disttion in East Bulgaria (model included of
sediments and the conducting layer in the crust).

From some number of the counted models as the auEjuate to experimental
data, the model containing the following elemestadcepted.
1. Sedimentary cover. In northern part, in the teryitof Romania and Bulgaria (Misa
plate) the total conductance> $as sizes of 400-1500 S. Further to the southetieer
practically non-conducting plate of Balkan and Rbyel Nappe. The sedimentary layer
includes a water layer Black and Aegean seas, wuding studied territory.
2. A non-conducting crust with = 1000Qm, and capacity from 50 up to 25 km. in
various parts of Bulgaria.
3. The deep-seated crust conducting layer. Thickneaslayer is about 3 km., specific
resistance ~ 32 m and total conductance Sa approximately of 1000 S
4. A deep section of the cratonic platform type in tiogth.
5. A deep section in the south, including the top theamwith the conducting layer
beginning with depth of about 50 km, with conducei$a ~3000 S. A conducting layer
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thinningto Misa plate in the north and under Aegean seharsouth, not reaching Crete
Island.

Discussion and conclusions

Some conclusions about the reasons of "atypicdiatier of an electromagnetic
field in this area:

1. It is possible to speak definitely about the spreee of a buried crust
conductivity layer under east part of Rhodope niasel south offshore of the Black Sea.
Both the electromagnetic measurement data thensselvé their joint analysis with the
data of other geophysical methods determine th&t canducting zone inn this area.

Very low (about first tens dfdm) values of apparent resistance in points Pelevun,
Chernodub etc., located in East Rhodope, and pedigtifull absence of vertical component
Hz testify the presence of well conducting layersler the East Rhodope crystalline
basement and the Black Sea offshore.

A source and the reason of unique geoelectric alyoaiighe south Bulgaria can
be Rhodope artesian basin. Bulgarian geologistsefRdganov and lvan Stanev have
offered the original paleo-hydrogeological methbaifov, R., and Stanev, 1982).

This method is based on research of the hydrotHersystem in an active
volcanism area. Their metallogenic model, basedtten formation of thermo -elision
systems during the Tertiary, was proposed to expgiecific features of the magmatism
and ore mineralization and its relations. The modgplains quite adequately the
conductivity anomaly nature discovered under thexd®pean zone. To their thinking
autochthonous in this shear is the thick layer afsts marbles what hydrogeologists
describe as a large deep bedding artesian basin hydrothermal karst and ascending
underground flow. Waterproof layer is a plate canged by the Rhodope granitoides
series.

The opportunity of using geoelectric data for theetast, mapping and estimations
of stocks of hydrothermal waters in a complex wither methods is not excluded.

2. Qualitative analysis of the electromagnetic sneaments data in the conjunction
with other geophysical data speaks about an oppitytaf conducting asthenospheric layer
existence under Aegean area and Alpide territarycohfirms a hypothesis of "mantle
diapir" and it will be in agreement with the higlalwes of the heat flow, which are
observable in Aegean zone and in Southern Bulg&f@dinov and Boyadjieva, 1981). A
possible explanation for this phenomenon is that upper mantle beneath the Aegean
region is heated by hot asthenospheric materidl pleaetrates the lithosphere through
convection.

Acknowledgements. Author thanks colleagues Al. Velev, I8tanev, V. Shneyer, Yu.
Abramov and S. Korotaev for helpful teamwork durilegpg time, Ed. Fainberg - for
modelling calculations. The author also recolletith deep grief of Bulgarian colleagues
Khr. Dachev and R. lvanov, and Russian, Leo Van'ydr have left us forever.
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Hsakon pe3yJITaTH OT MATHUTOBAPHAIIMOHHHA M3CJI¢/IBAaHUSA B H3TouHa BLnrapml

JI.Ab6pamosa, [I.AGpamoBa

B crarmsara ca mpenctaBeHH pe3yiaTaTH OT MarHUTOBApHAIMOHHU M3CIICABAHUS B
pa3nMYHd 9YacTH Ha OBJITapcKOTO  KpailOpexwe W Ha TEPUTOpPHUIATa HA CTpaHaTa.
I'eomarHuTHUTE BapHaiil B MOPETO Ca PETHCTPUPAHU C TPU- KOMIIOHEHTEH IBHEH (IIyKC-
TeT MarHUTOMETHp. M3umcieHnm ca QYHKOMHTE Ha EJIEKTPOIPOBONHOCTTA, KaTo ca
M3MOJI3BaHM  BapUallUHTe C MEepuogu oT 3 MHUHYTH 10 3-4 4yaca. AHaNIM3bT HA JaHHUTE
MOKa3Ba HHCKA CTOMHOCT Ha BEpTHKAJNHATa KOMIIOHEHTA HA TEOMAarHWTHHUTE BapHalld B
IOxxHa bwarapus W B oOiiacTTa Ha ChbCEeTHHS KOHTHHEHTaJeH mmend. ['eomarHuTHHTE
BapHaIly B CEBEPHI KOHTHHEHTAJICH IIeli() ca MHOTO TO-Pa3IMYHH OT Te3H B FOXKHHS.

3a wHTEepHpeTanysi Ha JaHHUTE € M3IOJ3BAaH HESTHOPOJCH MOJET C BHBEXKIAHE
Ha TBHKHU cioeBe. CbBMECTHHTE €IeKTPO- U MarHWTHHU M3MEPBAaHU U aKTyaJTHUAT aHAJIHI3
Ha JaHHU OT JPYTH TeO(pU3NIHN METO/IHN MTOKa3Ba CHIICCTBYBAHETO HA €NIEKTPOIPOBOANMA
30Ha, Pa3MoIOoXKeHa MOJ I0XKHOTO YEPHOMOPCKO Kpaibpexue u mox M3rtounute Pomorm.
[IpoBoaumuTE ClIOEBE B 3eMHATa Kopa ca ¢ Je0eiarHa OKOoJo 3 KM M UMAaT CHeHU(pHUIHO
eNeKTPUYHO CBHOPOTHBICHHE OT mopsaabka Ha 3Q M u  choTBeTHO chemmduuHa
eslekTpornpoBoauMoct ot nopsiabka Ha 1000 S.Tesm pesynrartn ce cwriacyBar nodpe c
XMIIOTE3H Ha HSKOM OBJITapCKH XUAPOTEO0JI03W 32 XHAPOTEOJIOKKUTE YCIOBHUS B Ta3H 4acT
Ha OBJIrapckara TepUTOPHS.

42 Bulgarian Geophysical Journal, 2006, Vol. 32



