SOME PRELIMINARY RESULTS ON THE INVERSION OF SEVERAL MAGNETIC
ANOMALIES FROM SOUTH BULGARIA WITH FINITE DIPOLES

Zhelev,2h.P. and Petrova,T.D.

Geophysical institute of the Bulgarian Academy of Sciences,
"akad. G. Bonchev" str., block 3 , Sofia 1113, Bulgaria

ABSTRZARUCT

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.

INPOKATAPKTIKA ANOTEAEXMATA ANO THN ANTIXTPO®H MATNHTIKQN
ANOMAATIQN THE NOTIAZ BOYAT'APIAS ME NENEPASMENA AIIIOAA

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

ONEPIAHYH

MayvnTixeEg avwparieg and tn N.Bouvdyapia epunvedovTal HE Eva
gbvolo TemMepacpevwy dimdAwv, OL Tnygg Toug HaBopilovTiaL HATA
Mpocg€yyLan. OpLopgveg avTLoTpoges dramiotwvovTal xwplic appLBoiia
otnv mepLoxn avth. Efaltiag Spwg Twv afepfaitotitwyv oto MPSRAnupa
autd, Bev elvar duvatd va emLPePairwlel STl auTte€g eilval MaAL OL
TPAYRATLHEG TNYEG Tov Mebiov. To MPSPANua efival BEpa pEAXOVTLHING
gpevvag. YMS auTth TNV €vvoLda, oL AVOELG QUTEG AVTLTPOCWTEVLOULV
TMPOG TO TMAPSV EvA HAAVTEPLO HOVTEAO TOU AVWHAAOUL pHaYVNTLMOU medlov
NG MeplLOoXnsg, HATL Tov emiong slval onuoavTixd YL TN YEWPLOL KN
ETLOTHUN MOL TPEARTLHMN. .

INTRODUCTION

It is well known that, for solution of the inverse magnetic
problem in the global case, models of dipoles ( Zidarov, 1965,
1968, 1990 ; 2idarov and Bochev , 1969 ) and current loops (
Zidarov, 1968, 1990 ; 2idarov and Petrova, 1978, 1983 ) are
usually used.

In a previous study ( Zhelev and Petrova, 1993 ) it was
suggested, that for 1local, 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 1is 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, Y, and 0, X, Y, , 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,

4 71 Panagurishte
8 o -

~. Stara Zagora
oF
4

Fig, 1. Situation map of the interpreted anomalies A,, B, A
and A, respectively and izolines of the anomalous vertical
component of the field ; o - towns ; 0; Xy ¥, and 0, X, Y,

coordinate systems.

perpendicular to the observational plane-X0Y. 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 sguare deviation ( MSD ) in most of the cases
almost coincide with the respective approximation errors (45 nT)
(Kostov, 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 & n,, ,, m; &'',
s lléi L; %, By, v, where g, n, T and £'',, n'',, é"k are
the coordinates of the first and second end of the k-th FD
respectively, m - its mass, 1, - the length and o B, v, the

corresponding cosine directors, the following parameters (Zhelev

and Petrova, 1993) are listed there for convenience :

- the corresponding functional F (X) (Zhelev and Petrova, 1993),
445
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representing the sum of the sguares of the differences between
the observed and models field,
- the respective MSD (2Zhelev, 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 functicnal, etc.

To represent the background of the field, the linear part
- a+bx+cy (x and y are the coordinates of the observational
points) of a polynomial is used, its coefficients - a , b , ¢
are determined in the process of optimization, together with the
rest of the unknowns (2helev, 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 unigquely 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 (2Zhelev and Petrova, 1993) on this
subject, this model 1is 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 guite 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, 1t 1is gquite <clear from the results, that the
magnetization of the sources of A3 and A4 anomalies is inverse
to that of Al 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
contribution 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)
(2helev, 1972, 1990) . The corresponding results are shown on the
same tables. Here, the obtained coordinates ,, n,, {, 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 Georgilev, 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 o = 0.01, f = 0.60, v = 0.80, where
the orientation of the axes is the same as in the fig.1 ) , 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, 1in 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 FD (the respective MSD is a 1little larger than the
corresponding approximation error), 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 FD 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 FD are entirely
different. For example, the results for A3 anomaly almost
entirely coincide. For A4 they are very similar - the main
difference is in the fact that in the solution with FD 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 FD are obtained without any restrictions at
all .,

447
WYnoeiakA BiBAI0BAKN OgdppaoTog - TuAua MewAoyiag. A.MN.O.



T wy 0T ST $90Inos AJejuswss Y3l JO SIJRUIPIOOD 3yl I0J Pasnh 3Tun SAT3RISI 3yl

[>T v "B65- S22 '8G1- Dpuadr 3yl o o oo g o' )y saa@iawe aed
o8 ‘2 a2 88 P [GI= ¥ X
209 811 28'g  8vv £ 28°9F = & f2r = N Q
e SL°T r8'Ss €82 a2 c
B89t 2971 &b v 2 T, 012 _ o 0LIse TRd WA TM USTAnTo3 <
- 2 .
w
3
. . >
A xu Ty \_w 3 o 4 1S 4 & 3y awe Jge 4 \nAv
3
—_— w
[
6% 8 29 1- €€ /52- pUS.y ®Y3 Jo (3 g ¢ € ) Jejsweded =]
@
< ,m
20— 86 - o2 - =
2% gz ° 25T Lz U TES T [eUSTIEA IS 8yl WoJdI Aeme 2773177 ®© !
L¥09 LS LG 19°€ 2 g
08 - ZE 08 ° TELE = o0 S 2v = N 5
52 ST o 'S B8S & M.
2145 VL2 aF v 01°2 T o 0T P ot ee” P4 4UATA o Tn(os S
S = \
2
0]
A e xm\_ R m
” = =
Ay iy Au 3 3
Ay .\.: n_ﬁ n A < 4 D=2 g2 3 2w e aw g QAP
m
e
¥
=}
- (1*btd) Arewoue ,I¥, 92Ul JO PIaTI 2yl jusssadsa pusay ILSUT] e pue W
(Wd ano3z I0) gJ oMl — Wd pue g Jo wailsAs e yjtm warqoad oTjsubew 3SISAUT 3y3z JO UOTINTOS °T alqel >




‘WY 0T ST S°0Inos AIejuswad® Yl JO $B3RUTPICOD BY3 103 pasn 3TUn dAT3IERTSI B8yl

Q

=

88 "1E 8L 'vS- 0L 958 Pu2Jdy 8yt Jo {3 g e ) =asJsysweaed <

o

ST ol e} 1978 VLE £ 85 °aF = © tg2 = N ,W
09 0% vo 2 15 °2 v e =4 (@]
1091 Qa1 sO'T S2°T T o QT €6 s Ot 22 PR 3O UOThnTos ‘M
g

. . . W

Ay x.u A 1y Y 3} o i S 4@ 3yPweE J e g =

3

-

1

YIS AT1°8- 80 95 I1— DpLusd) 34y JO ¢ D g ¢ ' 3 sJldjawedey S

2

o

4T vLT- 887 s 8

2y v £ 2 Y - 2T'G D UuoTisd TPUOTIBAJISSOO 44y WOJII Aeme aT7313T[ € < S
Sl L4GT 2’82 £2°2 2 9
TE" 5 L2 09 4% = 2 g2 = N 0]

ST°2 SL°1 &2 ' €6 T m
10T 251 ¥y2°1 SETT 1 . QT €8 5 OT &2 Jdd Ui uoTinTog n_m
]

<

Q

4, A A, o

N - -, rn

Ty L ool Ay <

R qu_ “.:h ma i =) o S g2 18w ¥E JEJ W

>

‘ *(1+H74) Arewoue ,zv¥, oYl Jo pratl ay3y jusssadsl pusijy IesuTll ® pue
921Uyl I0) g4 OMI-Wd pue g4 IO wajzshs e y3ztsa weyqoad orjsubew 95I9AUT BY3 JO UOTINTOS *Z alqel

=
3
g
<.
=
=
&
=
B
=




WY 0T ST S®0Inos AIejUdWI[?d Y3 JO S2IRUTPICOD dY] I0J Pasn JTUN DATIRTDI IYJ

L TR- EG T S DpUS S} @Yy IO 0 0D gt B D) S5248939WRdL
iTas = o AT N
8z Q871 Qe T £9°1 T, 0Ten S QT E1° D Rd Y TM UoTIn(os
- |
My xu T x\.u | < E s 43 3 aww ae g
L212- €S9 SR TpUSI} SYY Jo (¢ 2 gt E ) SJIsqsumdey
a2 0’ 24" 1138 = © L QT = N
Ob '0282 08 '9E9 08 'PE18 01789971 D UOTBS 1 TRUOTIEA J8SJ0 3} Wwodj Leme JejJ
(S Qs " T Qe T £9°1 T o O1°'S8 S QI 'ET" P Jd Yy uortinTds
Ay JQ 4y
1 Ty anll o3
T w.u w*t ;.*m b | ) o s Ja 3 e we Jde |

( W4 auc I0) gJ suUo -

“(T-bTa) ATewour ,£v, 2yl Jo pIaTJ 9y3l 3jussaaded puail Jesul] © pue
Hd 10 g4 Jo welsds e y3Tm warqolad oTjsubew 2SI9AUT 243 JO UOTINTOS *€ aiqed

450

WYnoeiakA BiBAI0BAKN OgdppaocTos - TuAua MewAoyiag. A.lN.O.




2
2
=)
B
=
7
2
&
=
w...w

w{ 0T ST s92anos AiejuswaTs aY3l JO S93RUTPIOCOD IY3 I0J pasn 3JTun SATIRTDI oyl

8L '6- €1 °L82- 06 9042 DpuUsdy @Yy JO ¢ 2 ‘' g ¢ e ) ssusqjsweaed
L5 822- ET1°V 88 £S5 Y £ 69 0V = © S0 = N
69 0v2- 01V 9T €9V =4
SE 6- S9°T 815 24.°9 L QT 08" o o1 TV " P WNd Yy TA UoTin Tog
A xu Au u_w bt ) gl S 48 33 we qaed

Y6 21- 08 'L~ 8Y 26 DpUsday 8y} JO (2 Q¢ e ) SJajluedaey
86 - SS - 09 -
[ l= 10 0O 2L e 38 Y D UuoTHS L TEUOTIRAJISSqQO 8] Wod]l AeMe aT13TT] €
£9 '9- vS U1 Q2 'S £V 9 & YI'TIT = © T 0¥ = N
ye "~ 26 &T =
12°S SO T ] 'S 0 S D uo TESJ [BUOTIBA L3S0 ayn WoJJ ABME ST1317T ©
AR =ty 2 2V "2 99 'S T o QT LS v o1’ P dd Y Ta doTqnTos
A, A Ao
1 5l ok o
A N_u w_t xm A 5 A D f 43 318w e Jed

*(1+614) ATewour ,y¥, 2UY3 JO PI2TJ ay3l jussaidal puail IeaUTT B pue
(Wd @2ay3 10) Q4 om3 - Wd I0 (4 JO wa3sis e Y3zTA weTqoiad orzsubew 98I9AUT dY3 JO UOT3INIOS *y oIqel

451

WYnoeiakA BiBAI0BAKN OgdppaocTos - TuAua MewAoyiag. A.MM.O.




CONCLUSIONS

It may be said in conclusion, that the model of FD 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 1is 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 geoclogical 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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