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Abstract

During last years spectral analysis of geomagndsia has often been applied to
estimate Curie point depths. It is used to delin#a¢emal and crustal structures on
the basis of geomagnetic observations. The mostilappnathematical model on
which the spectral analysis is applied was intredusy Spector and Grant (1970) and
comprises a collection of rectangular prisms witbnstant magnetization. The
expectation value of the spectrum for the modé¢héssame as that of a single body
with the average parameters for the collectionsafisfactory algorithm based on this
model is used in the present research to calcthat¢hickness of magnetically active
part of the lithosphere on the Bulgarian territoFjae algorithm estimates,xy, and

Zy, the coordinates of the centroid, and depth totdipez of the source distribution,
trough least-squares fit of a straight line to kbg averaged power spectrum in the
lowest part of the radial frequency’'s range. Thethdeto the bottom (Curie point
depth) is g= 2%,- z. An useful compilation of data was made merginggBrian and
South Romanian geomagnetic maps which allows toamkpthe result’s area.
Calculated values of the Curie point depths of Bubgaterritory range between 17
and 35km. Several anomalous zones are delineatestlynm the southern part of the
area. As a criterion of reliability a correlationitvthe heat flow data of Bulgarian
territory was used.
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I ntroduction

Determination of the depth at which lithosphere dlo®t exhibit its magnetic
properties is an actual problem, successfully sbiveing geophysical data. As is known,
crustal rocks lose their magnetization at the Cpaimt temperature, become paramagnetic
and their ability to generate detectable geomagnatiomalies disappears. The Curie
temperature for titanomagnetite, the most commogragc mineral in igneous rocks, is
approximately 57%C. Therefore, it may be possible to locate a poimtthe isothermal
surface by determining the depth to the bottom ahagnetized rock mass. In certain
approximation, adequate for the inverse problemt&wi, this surface could be marked as
Curie temperature isotherm. One of the importandpaters which determine the relative
depth of the isotherm with respect to sea levéiésheat content in a particular region. It is
therefore to be expected that a region having ftgmt geothermal energy near the surface
of the Earth will be associated with a conspicupsiallow Curie point isotherm, relating
to the adjoining regions.

Method

The idea of using geomagnetic data to estimatehiokness of the magnetized
part of the lithosphere was widely used by geogtistsivorking in the last decade. One of
the most profound methods of Curie point depth’$ D determination are based on
spectral analysis of geomagnetic data. The earpagers on the subject are those of
Spector and Grant (1970), Bhattacharyya and Led519977), Smith et al. (1974, 1977)
and Byerly and Stolt (1977) where analysis foradié#ht areas of USA have been published.
More recently, investigations have been made fotspa the territory of Japan (by Okubo
1985, 1989, 1994), USA (by Mayhew 1982, 1985, Blakf88), Greece (Tsokas et al.
1998, Stampolidis and Tsokas 2002), Portugal (Oletbal. 2003) etc. Computation of the
CPD is one of the difficult problems in potentigldl inversion (Blakely, 1995). Two
fundamental methods serve as a basis of all subaea@malysis, first provided by Spector
and Grant (1970), estimating the average deptlisetdop of magnetized bodies from the
slope of the log power spectrum and second by Btladgiryya and Leu (1975) for obtaining
the depth to the centroid of the causative body.

Authors consider the power spectrum of the totadngggnetic field intensity
anomaly over a single rectangular block (Fig. Ihgishe expression, which was first given
by Bhattacharyya. The equation was transformed putar wave number coordinates
(s,¢) and average depths to the top of magnetized béuiesthe slope of the log power

spectrum were calculated. The model has proven secgessful in estimating average
depths to the tops of magnetized bodies.

Mathematical basis which is used in the presenkvismthe improvement of that
method, developed by Okubo et al. Authors use xpeession given by Spector and Grant
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Fig.1. Rectangular, vertical-slided parallelepiped: apnptetational moddlL] in the form:
F(s,¢)=2mAN +i(Lcosy + M siny)]
x[n+i(l cosy + msiny)]
xsinc(7sacogy) sinc(7rbsing)
X eXpE27iS(%, COSY + Y, Sinyy))
x[exp(-2757) - exp(2752,) )

where
J — magnetization per unit volume;
A — average cross-sectional area of the bodies;
L,M,N — direction cosines of geomagnetic field,;
[, m, n — direction cosines of the average magnetizatestor;
a, b — average body x- and y- dimensions;
Xo, Yo— average body x- and y- centre location;
7, z,— average depths to the top and bottom of the bpdie
. sinx
sinc(x) =——.
X
Following Bhattacharyya and Leu (1975, 1977) ediiomaof the bottom depths
could be approached in two steps: first, find thatwid depthz,, and second, determine
the depth to the top. Then CPD is calculated from these valugs2z,-z.
At very long wavelengths compare to the ensembteedsions, the terms of
equation (1) which involve the body parametexsh(andz,-z;) may be approximated by
their leading terms to yield:
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F(s¢)=2mAN +i(Lcogy + M sing)]
x[n+i(l cogy + msing)]
X eXp(2715(X, COY + Y, Sin))
X exp(-275z,)

(2)

It is obvious that equation (2) is the spectruna diipole. As a result, the ensemble
average at these very low frequencies is that cdralom distribution of point dipoles.

Therefore details of the body parameters (prisrfindgrs, or whatever) do not contribute
to the expression of the spectrum.

Okubo (1985) defined a function Gg},by
G(s,¢) =F(sy)!s,
Following the method of Spector and Grant (1970)

H9 = [ sy ky

3
ThenH(s) has the form:
H (s) = Aexp(-278z,)
Therefore
INH(s)=InA-2r5z, (4)

The centroid deptl, can be obtained from the slope of a straight lipehie least
squares fitting to thinH(s) (Fig. 2).
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Fig. 2. Scheme of radially averaged log power spectrumgrdia forz, estimating
and calculation of depth to the bottom of the méigrearth crustz,
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The second step of the process is the estimatidimeodiept to the top. If we return

to the equation (1) and assume that a range of lermyths can be found for which the
following approximations hold:

sinc(7/sacosy) =1;
sinc(7/sbcosy) =1;

and exp(27s8z)= 0.

The bodies must in general be large in depth coegpdo their horizontal
dimensions.

The spectrum reduces to the form:
F(s)=2mAN +i(Lcosy + M siny)]
X[n+i(l cogy + msiny)]
X exXp27is(X, Cosy + Y, sing)) (5)
xexp(278z)

Equation (5) is in fact the spectrum of a monopBlecause of the similarities the
same two basic approaches to estirzatan be used:

1 m
K?(s) === [F*(sy)y
2”—{7 ; (6)
From which
K(s) = Bexp(275z)

Therefore

InK(s)=InB-275
(s) 4 7)
The reliability of this method has been proven iany cases (e.g. Okubo, 1994,
1998; Tsokas et al.,1998 etc.).
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Fig. 3. Total field geomagnetic anomaly map of Bulgaria
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Spectral analysis of geomagnetic data

Geological nature of the Bulgarian geomagnetidfigdn be discussed separating
the territory in two parts- northern and southéra.the geomagnetic field in the northern
part reflects basement structures of the Moesiatfgoin. It is considered that the whole
consolidated crust and to some extent the uppetleame magnetically active but having
unsteady general magnetization varying from 0.00.80.8 A/m (Dachev, 1988).This
factor reflects the nature of regional geomagnatiomalies of the North-western strike in
the Moesian platform. To the south, in the Alpimeaa geomagnetic anomalies are related
to magnetic products of different age (mainly-Up@eetaceous and Priabonian-Oligocene)
and less commonly to different varieties of metgohar rocks (Dobrev et al.,1984). These
disturbers are situated on the present erosior tavan the upper part of the geological
section.

In the northern geomagnetic part several magnetgions are differentiated:
positive anomalous zones - Moesian and Tjulenowas8pska, and negative — Dulovska
and Central Bulgarian (Fig. 3 ).

Southern geomagnetic part of Bulgaria is remarkatité its complicated field
which has a variable sign. It consists of sevenmgametic regions: South- and Central
Srednogorian (positive), Burgas (with intensive aiodield), two Central Rodopian and
one East Rodopian zone (connected to the Paleogeamggnatic spreading), and finally
West Rodopian zone (positive).
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Fig. 4. Log averaged power spectra
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The total field geomagnetic anomaly map is usedHercalculation of the present
research. Geomagnetic data of Bulgaria and SouthaR@ are compiled to a common
dataset with grid space of 1 km. Subsequently theye reduced to the pole, upward
continued to a barometric altitude of 3km and tfr@iquency components were analyzed. It
was recognized that geomagnetic anomaly map cantming-wavelength components
arising from regional structures and gross terfaatures. These components could affect
the centroid depth estimates and an attempt to ventbem before evaluating the
demanding parameters was made.

After the complex estimating, appropriate high-péiisation was used and the
significant pick in the longest wavelength partted spectrum was removed.

The operational dataset was divided into overlapgiguared blocks 150x150km
in size. Averaged power spectrum for each block wes calculated, processed and
analyzed.

Results

As we expected Curie point depths of Bulgarianitty range between 17 and
35km. In the Moesian platform they vary from 283® km, except two anomalous zones
having shallower depths. They are situated in wespart-around Vratza and in central
part-around Veliko Tarnovo. These anomalous zonesragood agreement with the heat
flow density map of Bulgaria (Bojadgieva et al.02p and clarifying their correlation with
seismicity is the forthcoming process.

The smallest values of CPD were obtained in théhswn part of Bulgaria where
some areas with significantly high heat flow aresented. The sources’ nature of these
anomalies should be classified as zones of latenratigm, sharply expressed neotectonic
or recent movements, or increased seismic activity.
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JAba0ounHn g0 Toukara Ha Kiopum Ha Teputopusita Ha Bharapus moaydeHM mno
TeOMATHHUTHH JaHHU

[Mers Tpudonosa, XKeimo JKenes, Torka [lerposa

Pe3ome. Hpe3 MOCJICAHUTE TOJAWHH, CIICKTPAJICH aHaJin3 Ha ICOMAarHuTHU JaHHU 4YE€CTO
OuBa Mnpujaral 3a MU3YUCISIBAHC Ha ,H’I)J'I60‘H/IHI/ITC J0 TOodYKara Ha K}OpI/I MCTOL[”I)T CcC
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M3M0JI3Ba 332 OYEpTaBaHE Ha 30HM C IIOBHMIICHA TIeOTEpMajHa EHEPrHs W TEKTOHCKHU
CTPYKTYpH Ha 0a3ara Ha reOMarHWTHHM M3MepBaHMs. 3BECTHO €, ue CKaJuTe I'y0sT CBOsTa
HAaMarHUTEHOCT IIPU TEMIIEpaTypu HaJ Touykara Ha Kiopu Ha ChIbpKaIIUTE CE B TAX
MHUHEpaJIH, CTaBaT IIapaMarHUTHH M CIIOCOOHOCTTa MM Jla Ch3Jajar 3a0esie’)kuMa MarHuTHa
aHoMmanus u3ue3Ba. TemmeparypaTta Ha Kropu 3a Haii-pa3npocTpaHeHust MarHUTEH MUHEpas
B MarMeHHTE CKali- THTaHoMmarseruta e okono 57(. CrenoBatenHo e BB3MOXHO ga ce
HaMepH TOYKa BbPXY M30TepMaliHaTa MOBBPXHOCT 32 J1aJIeHa TEPUTOPHS UPE3 ONpeieIsiHe
Ha JIpJIOOYMHATA [0 J0JIHATA TPAHHMIA HA MarHUTOAKTUBHHMS CJIOW Ha jutocdepara. Haii-
M3MON3BAHUAT MaTEMAaTHYECKU MOJICN B CBETOBHATA MPAKTHKa ¢ mpeoxkeH ot Spector and
Grant (1970)u mpexacraBinsBa Habop (KOJNEKUHMs) OT MPaBOBI'BIHU MPU3MU C MOCTOSIHHA
HaMarHUTEHOCT. MaTeMaTH4ecKOTO OYaKBaHE 3a CIIEKThbpa Ha MOJENa € ChUIOTO Karo
CHEeKTbpa Ha EAMHUYHO TSUIO, MMAIlO0 YCpPEJHEHHTE IapaMeTpH Ha Kojekuusra. B
HACTOSIIOTO M3CJIEABAaHE € Ch3/aJCH YCIIEIIEH arOpUTHhM Ha 0azaTa Ha TO3M MOJEIN 3a
M3YHCIIIBaHE Ha JleOeMHaTa Ha MarHUTOAKTUBHUSAT CJIOH Ha JInTocdepara Ha TEPUTOPHSITA
Ha Bbearapus. M3uncnssar ce xoopamHatute Xo, Yo U Zo HA TEOMETPUYHUST LEHTHD Ha
TSUIOTO WM ABJIOOYMHATA IO TOpHATa My HOBBPXHOCT Z; Ype3 HakJIOHa Ha IIpaBa,
anpOKCUMHpPaHa 110 METOJa Ha Hall-MaJKHTEe KBaJpaTH KbM rpadukara Ha JorapuTbMa Ha
YCpPEeOHEHUs paJuajeH eHEpreTMueH CchekThp. ToraBa nbpiabouynHaTa 10 JOJHATA
MOBBPXHOCT (pectt. 10 ToukaTa Ha Kropu) ce n3uncisiBa OT u3pasa zp,= 27, ;. Kato naHuu
B HacTosiara pabora ca M3MOJI3BAHM KapTH HA TOTAJHHUS BEKTOp HAa HMHTEH3UTETa Ha
MarHuTHOTO MOJIE 3a TepuTopusita Ha beirapus u 1oxHaTa yact Ha PymbHus. [Tonyuennre
CTOIHOCTH 32 ABJIOOUMHATA 710 ToukaTa Ha Kiopu Bapupar mexny 17 u 35«m. Oueprasar ce
HSKOJKO aHOMaJlHM 30HHM, TJIaBHO B FOKHATa 4yacT Ha Tepuropusarta. Kato kpurepuii 3a
OLICHKA, PE3YNITAaTUTE ca CHIIOCTABEHU C JAHHM 33 TOIUIMHHHMS NOTOK Ha TEPUTOPHSTA Ha
boirapust.
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