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HNHTepnperanusi HA MATHUTHU JaHHU ¢ NPWJIAraHe HA MATHUTYAHHM TpaHc(popManuu B
Bbyprackara ngenpecus u npuiexamus mejg Ha YepHno mope

Ilemvp Cmaspes, /lanuena I'eposcka u Banenmun [luenapos

Ao0cTpakT. J[aHHKMTE 32 AHOMAJIHOTO MarHUTHO 1ojie A7 Ha M3TOK OT Mepuauan 27° U.J. B IPEAEIUTE
Ha byprackara npenpecuss u npuiexamius YepHoMmopcku 1end ca aHaJIM3UpaHU C MpUJIaraHe Ha
opuruHanHa cuctema oT MmarHutyaHu Tpancpopmaruu TPEJI (TREL). Te3u Tpanchopmanuu ce
BIUSAT c71a00 OT OPUEHTALMATa HAa HAMarHUTEHOCTTA Ha T'€OJOXKKHUTE Tejla U €KCTPEMYMHUTE UM Ce
pasmosiaraT HaJ LIEHTPAJHUTE TOYKH W OCOBM IIMHUU Ha Tenarta. [lepudepHure excTpemMyMu Ha
JUIIOJHOTO I0JIE HE CE€ MOSBABAT, KOETO YJIECHSBA aHAJIU3a Ha MarHUTHOTO MOJI€ ¥ UACHTU(UKAIMITA
Ha HErOBHUTE I'e0JIOKKU npuunHuTenu. B nonbianenue cucremara TPEJI mo3BossiBa monydyaBaHeTo Ha
OLICHKH 3a IbJ100OYMHATa U TUmna (opmMa HA MAarHUTHUTE TeJla C aBTOMAaTU3HMpaHE Ha ONEpaluuTe 1o
pemiaBaHe Ha oOpaTHaTa MarHUTHA 3a7laua U M300pa3sBaHe Ha TMOMYYEHHUTE pPe3yiTaTH MO LsaTa
IBbJDKUHA Ha MTPO(UIT WK TUIOL] HA MarHUTHA KapTa.

[Ipocnenenn oT ceBep Ha IOT MAarHUTHUTE aHOMAJIUMU MPOMEHSAT OPHUEHTALMAITA CH OT
Bankanuana ¢ asumyt 100° Ha TakaBa ¢ asumyT 135° B mapanen Ha CTpaHIKAHCKUTE CTPYKTYPH.
KakTo Ha ceBep Taka U Ha 1OT ce HAONIOAaBaT aHOMAJIHUU C TIOJOKUTEJICH U C OTPHUIATENICH TJIaBEeH
eKCTpeMyM. 3a pas3pelllaBaHe Ha yCJIOXKHEHaTa HHTep(EepeHIIMOHHA KapTUHA € NMOCTPOEHA KapTa Ha
MOJyJla Ha aHOMaJIHUsS MarHuTeH BekTop 7. C moMomira Ha OTHOLUEHHUATA MEXY Ta3u MarHUTy]IHa
tpanchopmarnus 7, HeltHuTe TpagueHTd R u E, u Jlamtacuana L ce Hamupa, 4e ropHaTa MOBBPXHOCT
Ha CPaBHHUTEITHO TECHU M3IbJKCHH JAWKOBU Tena € Ha abibdounHa ot 0.7 go 2.1 km, mokarto tena ¢
¢dopma OnH3Ka 10 ETUIICOBUIHATA U U30METPUYHATA UMAT IIEHTPOUA Ha IboounHa oT 1.5 1o 3.5 km ¢
TEH/ICHIIUA Ha yBeJIMYaBaHEe Ha AbJI0O0YMHUTE B IOTOM3TOYHA MOCOKA. IHTEH3UBHOCTTA HA aHOMAaJIMHUTE
CHOTBETCTBA HAa HAMarHWTEHOCT, XapakTepHa 3a 0a3W4YeH ChCTaB Ha Telld C MarMeH IMPOM3XOI.
Pasnpenenennero Ha yABIKEHUTE MAarHUTHU aHOMAJIUU Ha 1ienda MoXe J1a ce ThIKyBa KaTo MposBa
Ha perroHajiHa pUQTOBA CTPYKTYpa C OTPAaHUYEHO Pa3BUTHE.

Introduction. The Burgas depression is the largest dominant structure of Eastern Srednogorie. The
main factor of its development is the intensive magmatic activity during the Upper Cretaceous and
later. The geophysical data and especially data for the magnetic anomalous field in the area under
consideration are an important source of information for the depth structures of magmatic origin
(Yossifov et al. 1986, Popov et al. 1993). New methods and means of magnetic data interpretation
allow more detailed analysis and automated inversion to be applied. These possibilities are presented
below on the data available in the Burgas area and adjoining Black Sea shelf.

Method TREL for magnetic data analysis. TREL is a system of magnitude magnetic transforms
effective in the process of magnetic field analysis and source identification (Stavrev and Gerovska,
2000). This system consists of the magnetic transforms 7, R, £ and L:

Magnitude T of the anomalous magnetic vector,
=X ‘+y*+Z 2)” 2 where X, Y and Z are magnetic components;
Modulus of the gradients R and E,
R = Igrad TI, E = {[(grad X)* + (grad Y)* + (grad Z)z]/Z}m;
Laplacian L of T,
L=div(grad T)=(E*-R*/T.
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The magnetic components and derivatives involved are calculable from measured Total magnetic field
and from Gradiometric data using Fourier spectral technique.

For a 2D anomaly of a homogeneous causative body, the proposed transforms do not depend on the
inclination of magnetization. In the 3D case a weak influence exists. The proposed transforms have
only non-negative values. With respect to their shape, the peripheral magnetic extrema are removed,
the anomalous configuration is simplified and the resolution of complicated interference patterns is
improved. Their calculation does not require additional data for the direction of magnetization, which
is an essential advantage over the reduction-to-the-pole
and pseudogravity-field transforms. A joint analysis of
the measured field and its transforms 7, R, E and L offers
possibilities for more confident separation of the
anomalous effects and direct correlation to their sources.

Model test. The test performed on the 3D models
confirms the useful properties of these transforms.

The two model sources (Fig. 1) under the black
boxes have normal and reverse magnetization with
inclination of 45° and 225°, and different depth of 1.25
km and 1.0 km, respectively.

(a) Model magnetic field AT (nT) with a
complicated interference picture and extremes outside the
source projections (dashs show negative field contours);

(b) Magnitude transform 7' (nT) of AT with a simplified pattern of positive values and extremes
above the sources;

(c) Gradient transform £ (nT/km) of AT with a better centricity above the sources;

(d) Laplacian transform L (nT/km?) of AT has the best centricity and sensitivity to the source
position.

Fig. 1. Model anomalies AT, T, E, L.

Field application. Magnetic field of the Burgas depression and adjoining shelf area (Fig. 2).
Analysis of the anomalous magnetic field AT:
Groups according to orientation: A-B, C, P, Q, S — anomalies with Strandzhanian orientation, 135°;
V, W, F - with Balkanian orientation, 100°.
Groups according to the sign: A-B, F - with negative principal extreme (Campanian, Maestrichtian?);
V, W, S, — with positive principal extreme (Santonian).
Set of anomalies that are not well identified: N, K, D, P, Q, G — peripheral or independent?

All of the above anomalies AT are represented by the transform 7" with maximums centered over the
sources without need of data for the magnetization orientation as input, which is an advantage over the
Reduction To the Pole (RTP). The points and axes of extremes of 7-transform show a movement to the
north of about 1 km with respect to the original field AT (see for example anomaly A). The anomalies
AT have extremes located to the south of the central point or axis of the sources because the normal
magnetic inclination for this area is about 60° and the declination is 3°E. Thus, the 7-transforms by
their maximums locate better the anomalous effect above the sources.

The group of complicated anomalies can now be well identified. Thus, N, K and D extremes do not
appear on the map of 7-transform. They are peripheral parts of the AT negative anomalies A-B.
Anomalies P, Q, G, M are independent fields of their own sources. This is an important conclusion_for
the anomalies P and Q since they could be taken as peripheral extremes of their positive neighbors.
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Fig. 2. Anomalous field AT in the Burgas area (after V. Pchelarov and L. Kerbelov)
Analysis of the magnitude transform 7 (Fig. 3).
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Fig. 3. Calculated transform 7 from the field AT in Figure 2 (after Stavrev and Gerovska).

Method TREL for a magnetic map automated inversion. This is a method for interpretation of a
full set of magnetic anomalies over a large area using models of simple sources as approximations to
the real sources. The results come from ratios between the magnitude transforms 7, R, E, and L
(Stavrev 2001, 2006). For the depth inversion and imaging it is suitable to form the spatial functions
q(x,,0) = -TW/T. = x/d, s(x,,0)=T./R =d/(x*+d")",
and for the shape inversion and imaging to form the functions
b(x,y,0) =-Ty/L =x/N, c(x,y,0)=L/T.= N/d,
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where (x,y,z) are the coordinates of observation points, 7} is the horizontal derivative along the line

normal to the 7-transform axis, 7- is the vertical derivative of 7 transform, d is the depth of the source,
and N is the structural (shape) index (SI).

The table below shows results for the depth and shape of the marked anomalies in Figure 4:

Ano- Depth Structural ~ Shape of the source’s
maly d (km), Ha index N normal vertical section
J 1.7, center 1.9 1sometric
F 1.6, center 1.8 elliptical
Y 0.7, top 0.9 dike
P 1.5, top 1.0 dike
S 2.1, top 0.9 dike
X 3.5, center 2.1 isometric
Q 1.5, center 1.9 isometric
@
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Fig. 4. (a) Original magnetic field AT of the Burgas shelf area;
(b) Magnitude transform 7T';
(c) Depth-converted map of AT ; (d) Shape-converted map of AT.

Note. In Figure 4 the cross-width of the contours of value 1 is equal to the depth d (on the left) and to
the shape index N (on the right) in the scale units of the map, while the width of contours 2, shown by
red lines, gives the value of 2d and 2N, respectively (after Stavrev 2006).
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Geologic inferences. The top of dike-like magnetic bodies appears at a depth corresponding to the
boundary of the Tertiary/Cretaceous layers. The intensity of elongated magnetic anomalies shows
basic intrusions along major joints. The observed linear distribution and the intensity of magnetic
anomalies, as well the results for the sources depth and shape confirm the assumption of Yossifov et
al. (1986) about a possible spreading phase during the Upper Cretaceous period in this area of the
southern Bulgarian shelf.
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