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ABSTRJ,(;T 

Several magnetic anomalies from South Bulgaria are 
interpreted with a set of final dipoles. Their sources are 
approximately determined. Some reversals are definitely 
established in this region. Because of the incorrectness of these 
problems however, it cannot be said for certain that these are 
the real sources of the observed fields. This problem is a 
subject for future research. In this sense at present, the so 
obtained solutions represent mainly one better model of the 
anomalous magnetic field in this area, which is also important 
for the geophysical science and practice. 

npOKATAPKTIKA AnOTEAE~MATA AnO THN ANTI~TPO~H MArNHTIKQN 
ANQMAhIQN THE NOTlAE BOY~rAPlAE ME nEnEPAEMENA ~InO~ 

Zhe1ev,Zh.P. and Petrova,T.D. 

n E P I ~ H '1' H 

MaYV~TLxE~ avw~aA[E~ a~6 T~ N.BouAyap[a Ep~~vEuovTaL ~E Eva 
OUVOAO ~ETIEpaO~Evwv C)l~6AWV. OL ~~YE~ TOU~ xa80p[<;:ovTaL xa«:l 
TIpooEYYLo~. OPLO~SVE~ aVTloTpO~S~ oLa~loTwvovTaL xwp[~ a~~L~oA[a 

OT~V TIEPLOX~ aUT~. E~aLT[a~ 6~w~ TWV a~E~aLoT~TwV OTO TIp6~A~~a 
aUT6, OEV E[vaL ouvaT6 va E~L~E~aLWaE( 6TL aUTE~ E[vaL xaL OL 
TIpay~aTLxE~ TI~YE~ TOU TIEO[OU. To TIp6~A~~a E[vaL 8E~a ~EAAOVTLX~~ 

spEuva~. YTI6 aUT~ T~V EvvoLa, OL AUOEL~ aUTE~ aVTL~pOOWTIEUOUV 

~po~ TO ~ap6v Eva xaAuTEpo ~OVTEAO TOU avw~aAou ~ayv~TLxOU ~EO[OU 

T~~ TIEPLOX~~, xaTL TIOU ETI[O~~ E[vaL 0~~avTLx6 yLa T~ YEW~UOLX~ 

ETILOT~~~ xaL TIpaXTLx~. 

INTRODUCTION 

It is well known that, for solution of the inverse magnetic 
problem in the global case, models of dipoles ( Zidarov, 1965, 
1968, 1990 j Zidarov and Bochev , 1969 ) and current loops ( 
zidarov, 1968, 1990 Zidarov and Petrova, 1978, 1983 are 
usually used. 

In a previous study ( Zhelev and Petrova, 1993 ) it was 
suggested, that for local, and to some extend, regional 
investigations, it would be better to use final dipoles (FD) 
because they usually have better approximating possibilities, as 
in this case, the different charges are usually too distant one 
from the other. A number of numerical experiments, confirming 
these assumptions, were made. The influence of the observational 
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errors on the precision of the solution were studied. 
The main purpose of the present study is to check the 

possibilities of this method in real conditions. That is why some 
magnetic anomalies from the territory of South BUlgaria are 
treated with it. A reasonable results are obtained. 

RESULTS AND DISCUSSION 

Four anomalies are analyzed by this technique. On the map 
(see the fig. 1) they are marked with the letters - Al , A2 , A3 
and A4 , respectively for convenience. The corresponding local 
coordinate systems - 0, X, Y1 and 02 X2 Y2 ' in which the 
observations and the results are presented, are also given there. 
The orientation of the X and Y axes are eastwards ,and northwards 
respectively. The Z axis is directed downwards, 
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Fig. 1. Situation map of the interpreted anomalies A" A2 , A3
and A4 respectively and izolines of the anomalous vertical 
component of the field ; 0 - towns i 01 X1 Y, and 02 X2 Y2
coordinate systems. 

perpendicular to the observational plane-XOY. The vertical, 
component of the anomalous magnetic field is used in this case 
( Kostov and Nozharov, 1974) The relative unit ( the distance 
between two divisions on the coordinate axes ) used for the 
coordinates and the lengths of the FD is 10 km . 

The obtained results are shown on the tables (1 to 4). 
Solutions with one and two FD are used. More complicated models 
are not tried, as they fit the observations well enough ( the 
corresponding mean square deviation ( MSD ) in most of the cases 
almost coincide with the respective approximation errors (45 nT) 
(Kostov 1 1971) of the map (Kostov and Nozharov, 1974), from which 
the observations are extracted, and the number of the 
observations are too limited here. 

On the tables, besides the parameters l,;J> Ilk' <:k' m.\>i l,;' \1 
11' I k' <:' 'I(; lk; Ok' ~k' 1\, where l,;k' <:k and t, \ I k' n" k' <, I I k arenle , 

the coordinates of the first and second end of the k-th FD 
respectively, - its mass, lk - the length and Ok ~Ie Yk themle 
corresponding cosine directors, the following parameters'(Zhelev 
and Petrova, 1993) are listed there for convenience: 

- the corresponding functional F (X) (Zhelev and Petrova, 1993), 
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representing the sum of the squares of the differences between 
the observed and models field, 

- the respective MSD (Zhelev, 1990) 

o (F(X)/(N-n 

where N is the number of the observations and n - the number of 
the unknowns, 

- the gradient G ( X ) of the functional, etc. 
To represent the background of the field, the linear part 

- a + b x + C Y (x and yare the coordinates of the observational 
points) of a polynomial is used, its coefficients - a , b , c 
are determined in the process of optimization, together with the 
rest of the unknowns (Zhelev, 1990) 

The values of the functional and the corresponding MSD show 
(see the tables) , that the models fit the observations well in 
all of the cases presented here. The corresponding gradient 
points out, that in all of them the optimum of the functional has 
been achieved. 

Some of the charges on the tables are marked with the 
expression "far away from the observational region " or 
something similar, which means that they are too deep or out of 
it, so that their contribution in the observational field is 
rather small and can be ignored without considerably affecting 
the approximation possibilities of the model. In such cases, the 
corresponding directional cosines are not uniquely obtained, as 
the determination of these charges is not very stable. The values 
of the lengths are not also very real in such cases. 

In a previous study (Zhelev and Petrova, 1993) on this 
SUbject, this model is found with better approximating 
possibilities - the respective MSD in almost all the cases here 
is usually a little smaller than the corresponding approximation 
error. At first it seems, that the corresponding solutions have 
not very clear physical meaning ( or at least not entirely in 
agreement with our expectations ) , but taking into account that 
some of the charges are out of the bounds of the anomalies, they 
are quite reasonable. 

Thus the obtained solutions represent mainly one better 
model of the anomalous magnetic field in this region. One 
comparatively rough idea about the location of the corresponding 
sources can also be find in the tables. Mainly, the determination 
of the magnetization here is not very stable. In spite of this 
however, it is quite clear from the results, that the 
magnetization of the sources of A3 and A4 anomalies is inverse 
to that of A1 and A2 respectively (the corresponding FD are 
oriented in the opposite direction). Thus, in some sense, 
reversals are undoubtedly established here for first time with 
this method. 

As in almost all of the cases some of the charges usually 
escape away from the observational grid, and practically have no 
contr ibution in the model, we decided to try to solve this 
problem also with point masses (PM) only. This was done by the 
corresponding computer program prepared for the solution of the 
respective inverse gravity problem (without any changes et all) 
(Zhelev, 1972, 1990) . The corresponding results are shown on the 
same tables. Here, the obtained coordinates ~k' ~k' ~k of the PM 
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show approximately only the location of the upper charges of the 
magnetic bodies. Obviously, in the solutions here practically 
there is no real information about the orientation of the 
magnetization. 

This technique representation with PM was used by Zidarov 
(Report of GFI, BAS,1991) for interpretation of some magnetic 
anomalies from North BUlgaria. In mathematical and programming 
aspect it entirely coincides with the method of the solution of 
the inverse gravity problem with a final set of PM (Zidarov, 
1965, 1968, 1990 ; Zhelev 1972, 1990 ; Bochev and Georgiev, 1974 
; Zhelev and Georgiev, 1985), worked out about 20 years ago, and 
repeatedly used (Zhelev and Georgiev, 1985 ; Zhelev, 1990 ; 
Zidarov, 1990) up to now in the geophysical science and practice. 
Specially for our latitudes, one such simplification is in some 
cases possible, mainly because the total field vector is almost 
vertical (the cosine directors of the normal field in 
Panagurishte, in 1960 are a = 0.01, ~ = 0.60, y = 0.80, where 
the orientation of the axes is the same as in the fig.l ) , and 
some of the charges are usually very deep and usually have 
comparatively small contributions in the observations. We must 
remember however, that such alleviation is not always possible. 
Especially it is not possible in places, where the orientation 
of the total magnetic vector is almost horizontal (for example 
on the equator) Besides, in some cases the remanent 
magnetization may turn the magnetization vector in such a 
direction, that to be unfavorable for models with PM only. 

As can be seen from the tables, the approximating 
possibilities here are a little worse in comparison with these 
of the FO (the respective MSO is a little larger than the 
corresponding approximation error) I but the obtained solutions 
seem to be with a little more real physical meaning and easier 
for interpretation. But having in mind that in South Bulgaria the 
remanent magnetization often exceeds several times the inductive, 
and the reversals are not an exception (Kostov and Nozharov, 
1974), it is difficult to say at present for certain which of 
these solutions are better and to what degree they correspond to 
the real magnetic structure of the region. That is why, we 
decided to include all more representative solutions with FO and 
PM into the paper, so that the readers can use them, but only in 
combination with additional geophysical, geological or other 
information. 

Of course, not all the solutions with PM and FO are entirely 
different. For example, the results for AJ anomaly almost 
entirely coincide. For A4 they are very similar - the main 
difference is in the fact that in the solution with FO some of 
the charges escape away from the observational grid, but this is 
not very essential here. There is some similarity also in the 
upper charges of A2 and partly of Al anomalies - some of the 
corresponding bottom charges also ( analogous the PM ) have 
almost no contribution in the observations, as are out of the 
limits of the anomalies (see the respective tables and the 
fig. 1). If these comparatively small differences cannot be 
explained with the full ignorance of some of the charges in the 
PM model, then probably they are connected with the fact, that 
the solutions with FO are obtained without any restrictions at 
all. 
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CONCLUSIONS 

It may be said in conclusion, that the model of FO has 
indeed better approximating possibilities. In this sense, the 
obtained solutions represent mainly one better model of the 
anomalous magnetic field in this region, which is also very 
important for the geophysical science and practice. Naturally, 
they also give one rough idea about the location of the sources 
and the orientation of the magnetization (some reversals are 
established here for first time with this method), but owing to 
the incorrectness of these problems, they can be used by the 
readers, but only in a combination with other independent 
information. 

The solutions with PM are with comparatively smaller 
approximating possibilities, but with a little more real physical 
meaning. Though the differences here are not very significant, 
probably at present they give a little better idea about the 
location of the sources of the field, and can be used in the 
practice, but also only with additional information. 

Thus it can be added at the end, that the so obtained 
results, are one good basis for further geophysical 
investigations and geological interpretations in the future. Of 
course, better results may be expected, on the basis of more 
detailed observations and some improvements in the method - with 
suitable limitations on the model. 
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