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Applicability of Poisson’s relation to gravity and vertical
magnetic anomalies

Károly KIS*, Géza WITTMANN**

Poisson's relation expresses the general link between gravity and magnetic anomalies. The ap
plicability of this relation is investigated by means of eight Hungarian field examples. The Bouguer 
and vertical magnetic anomalies of the eight prospecting areas are digitized at the same point with a 
sampling interval of 1 km. Poisson’s relation can be written in the form of a linear inverse problem 
which requires determination of the derivatives with respect to the variables x, y, and z  of the 
Bouguer anomalies. The inverse problem is solved using an iterative procedure. The result of this 
procedure is the magnetization vector (i.e. its declination and inclination) of the anomaly source. 
The vertical magnetic anomalies can be reduced to the pole if the declination and inclination are 
known. Theoretically the vertical magnetic anomalies reduced to the pole are correlated to the de
rivative with respect to variable z of the Bouguer anomalies. The correlation coefficient may be 
taken as the measure of applicability of Poisson's relation. In that two prospecting areas show a 
higher correlation coefficient, they can be regarded as cases where Poisson's relation can be applied.

Keywords: gravity anomalies, magnetic anomalies, Poisson’s relation, inverse 
problem, dihesion

1. Poisson’s relation

Poisson’s relation links gravitational potential V and magnetic scalar 
potential W in the 3-D Cartesian coordinate system, and is given by

W ( x , y , z ) = - ^ - ^ - V ( x , y , z )  , (1)
47i G p os

where ц0 is the permeability of a vacuum, G is Newton’s gravitational 
constant, J and p are uniform magnetization and density of the 3-D source, 
respectively [BLAKELY 1995]. The direction of uniform magnetization is
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given by unit vector s. A direction derivative in the previous equation can 
be expressed as

+ \M  —  + kiV—  , 
dy dz (2)

where i, j, and к are unit vectors along the x, y, and z axes; L, M, and N  are 
the direction cosines, given by the equations: L=cos a cosß, M= cos a sinß, 
iV-sin a ; a is the magnetic inclination, andß  is the magnetic declination of 
magnetization if the x-axis and the y^-axis are respectively directed north 
and east, and the z-axis points vertically downward. The direction of mag
netization is the resultant of the remanent and induced magnetization. In
duced magnetization is generally well known, and its amplitude can be de
termined if the susceptibility of the sources is also known — though this in
formation is generally not available.

It should be emphasized that Poisson’s relation is valid if the bound
aries of the gravitational and magnetic sources are the same and the magne
tization and density are uniform [BLAKELY 1995]. These strict conditions 
will be investigated in terms of the applicability of the Poisson’s relation to 
further calculations.

Poisson’s relation will be applied to the vertical magnetic anomaly 
field Z; that is: the derivative of equation (1) with respect to variable z. 
From this it follows that

Z = P o

47iG
(  J  d J  . .  d J -т d

-  L  —  ё г  +  ~ M  ~ +  ~ N  T * '^ p ox p dy p dz (3)

where g2 is the vertical component of gravity. Vertical magnetic anomaly 
field Z and the derivatives of the vertical component of gravity with respect 
to variables x, y, and z are determined at the same point, respectively. The 
new variablesp i ,p 2, andp 3 respectively indicate thex,y, and z components 
of the J/p  vector,. They are

Pi = (4)

and the constantpo/AnG will be indicated by C. The derivatives in equation 
(3), determined numerically at the identical point to the vertical magnetic 
anomalies are indicated by the subscripts x, y, and z. The method for
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determining the derivatives will be discussed elsewhere. In this way we 
obtain

Z = C (Plgzx + PlSzy + PiSzz )  (5)

The variables J/p, a, and ß  can be expressed by the formulae

J  / P = (pî + p \  +p I  ) 1/2, a  = sin4 ß= tan4 ^ - .  (6)
J /p  Pi

The parametersp i,P2, andp 3 will be determined by solving a weighted 
linear inverse problem. If the conditions included in the Poisson’s relation 
are valid, the values for a and ß  can be used to reduce the vertical magnetic 
anomalies to the magnetic pole.

Poisson’s relation can be utilized for the joint interpretation of the 
gravity and magnetic anomalies if the necessary conditions apply.

KANSEW ICH and AGARWAL [1970] applied Poisson’s relation to 
obtain a combined analysis of gravity and magnetic anomalies. One of their 
results was the distribution of the ratio J/p for the prospecting area, and 
they analysed the wavelength of the J/p ratio. In addition to the coherency 
of the observed magnetic data reduced to the pole, the theoretically 
calculated field using gravity data was determined. The high coherency 
wavelength of J/p was an indication that the magnetic and gravity 
anomalies are probably from the same rock units.

WILSON [1970] showed that the ratio o f  the magnetization and density, 
and the direction o f  magnetization were required for the interpretation 
when anomalies arise from different sources. When the magnetization and 
density are not uniform, the source can be regarded as results for anomalies 
from different sources, but a knowledge o f  rock properties helps the suc
cessful interpretation o f  these anomalies.

Poisson’s relation was also used by CORDELL and TAYLOR [1971] for 
the joint interpretation of gravity and magnetic anomalies of the North At
lantic Gilliss seamount. The position of the Cretaceous virtual magnetic 
pole was also determined from the magnetic direction obtained from their 
calculations.

In order to separate the individual anomalies CHANDLER et al. [1981] 
applied a moving-window. Their intention was to avoid interference from 
the neighbouring anomalies. A linear regression o f  the anomalies reduced 
to the pole, and the vertical gradient o f  the Bouguer anomalies are
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determined. Distribution of the J/p ratio was obtained from the linear 
regression.

2. Linear inverse problem

The general solution of the overdetermined linear inverse problem is 
widely discussed [e.g. by MENKE 1989, HJELT 1992]. The general equation 
for the weighted least squares case is

Ap“' = |ArWeA } ‘ A rWed, (7)
where Apest is the estimated model parameter vector; matrix A is called the 
data kernel; matrix We defines the weighting matrix; d is the measured data 
vector. Superscript T  represents the transpose. Model parameters are 
represented by a vector Ap which is of length m; n measured data are 
available, they are the elements of vector d of length n. In this way, matrix 
A has n rows and m columns, matrix W has the dimension nxn. Equation (7) 
will be specialized for the processed problem later.

3. Application of the linear inverse problem

If the parameters are to be determined by solving a linear inverse prob
lem; it requires the linearizing of equation (3). Linearizing can be done by 
expanding equation (3) using Taylor’s theorem as follows

_ /  \  т /  \  3Z , dZ dZZ(pl,p2,p 2)^Z{plo,p 20,p 30)+ —  Ápl + —  Ap2+ —  Ap3, (8)
OP\ dp 2 dp 2

where the second and higher orders of the expansion are ignored 
[Al-C h a la bi 1970, MENKE 1998].

If n data are available the parameter vector p (p\, p 2, p 2) will be 
determined from the solution of an extremum problem:

* = I
r measured

i=l

„  ,  ч dZ, л dZ, . dZ,
(Pio > .P20 » Ло/*■ д APi + д AP2 я 4Рз

d p  1 д р 2 д р 3 J)
-т т

(9)
The above least squares minimum problem will be solved by an 

iterative procedure. In equation (9),рю ,р20, andp30 offer an initial estimate 
of the parameters.
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The present application of the weighted linear inverse problem re
quires the specialization of the variables given in equation (7). As previ
ously discussed, vector Ap has three elements. Matrix A has n rows (num
ber of measurements) and m columns (number of parameters, in the present 
case w=3); its elements are given by the equations

where i= l,...,n. Vector d has n elements, its z'th element is as follows,

The elements of parameter vector p will be determined by an iterative 
procedure, and each step of the iteration is indicated by k, where £ = 0 , 1,..., 
K. This means that the linear inverse problem will be solved К  times. An 
initial value means the 0th step of the iteration. In this way the elements of 
matrix A and the elements of vector d are determined for p xk, p 2k , and p 3k 
(k= 0  for the initial guess of the parameters), Zi(p\k, p 2k, рък) is determined 
by utilizing equation (8 ), where subscript /  indicates the z'th measurements 
of Z, gzx, gzy, and gzz. The solution of the linear inverse problem gives Ap10, 
Ap20, and Ap30 for the 0th step. The parameter values will be given by the 
sum of the vector components p \0 + Api0, p 2о + Ap20 , and p 30 + Ap30.

In general, for the £th iterative step the parameters are determined by 
Pik=P\ k-\+Ap\ k-\ , P2k=P2 k-\+Ap2 к- 1 , and рзк=Рз k-i+Арз k-\ (к Ф 0). 
Termination of the iterative process is when the sum of Ap2\k+ Ap22k+ Ap23k 
is less than a given limit. The values of J/p, a, and ß  are determined by 
equation (6 ).

Weight matrix W is a diagonal matrix in the present case. These ele
ments of matrix W will be determined by the procedure suggested by 
STEINER [1988, 1990]. Diagonal elements w„ are determined by

(П)

4. Weight matrix W of the linear inversion

(12 )
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where

(13)

and i= l,...,n . Sk means the dihesion (initiated by STEINER [1988, 1990]), 
subscript к indicates the k\h iterative step. Dihesion is also determined in an 
iterative way: it is calculated by

The initial value of the dihesion (for k=0) is given by the equation

In the case of a uniform magnetized source the transfer function S{fxJy) 
for reduction to the magnetic pole anomaly is defined by

where f x and f y are the spatial frequencies measured along the x  and у axes, 
respectively;/ means the imaginary unit. If angles a and ß  are known (they 
are determined by the above discussed procedure) the reduction of vertical 
magnetic anomalies can be determined. Zp will indicate the vertical 
magnetic anomaly reduced to the magnetic pole.

Realization of the conditions included in Poisson’s relation can be in
vestigated in the following way. The reduced magnetic anomaly should be 
correlated with the derivative of vertical gravity with respect to variable z. 
The correlation coefficient can be regarded as a measure of realization of 
the conditions included in Poisson’s relation. The correlation coefficient r 
and its 99% confidence interval (r;, r2) are determined by the equations:

(14)

(15)

5. Reduction to the pole

(16)
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r = ' ;
f  \ V2

V ' J ' i

(17)

and

-1  + r

+ 1  — r 

(18)
where Zp and gzzm are the mean values of Zpij and gzzij. Those data defined 
by the inner frame are taken into consideration for determining the correla
tion coefficient.

(1 + r ) exp 32 
n - 3

— 1 + r (1 + r) exp

r, =-
(l + r )  exp 32

n - 3

and r-

32 
\  tt — 3

+ l - r
2 ~ Í

(l + r )  exp 32 
V n - 3

6. Error of the parameters

The parameters that are determined rely on a linear least-squares pro
cedure. Error analysis will be done by the method of CLIFFORD [1973]. If 
the linear least-squares calculation has been done, then the matrix 
P=[ATWA]_1 will already have been calculated by equation (7). Variance 
o(Pi) of the zth parameter and correlation r(pit pj) of the parameters p, and pj 
are expressed by

(? ,)” . <l9>
and

'(p ,’Pj )=
h pÀ 1'2 ’

(20)

where indicates the element of matrix P. The value a  is obtained by

a  =
/  T \U2
' drWd '

N - M (21)
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where vector d is determined by equation (11). The standard error of the es
timate is given by the ± three sigma (equation 19) rule.

7. Interpretation of field data

The applicability of Poisson’s relation is investigated in eight 
Hungarian prospecting areas (Balmazújváros-Ny, Egyek, Kunszentmár- 
ton, Nagykörű, Nova, Ölbő, Pusztamonostor, Vese). The location of these 
areas is shown in Fig. 1. Bouguer and vertical magnetic anomalies were 
digitized in the same grid pattern with a sampling interval of 1 km.

The Bouguer anomalies of the prospecting areas were recorded by 
ELGI (Eötvös Loránd Geophysical Institute of Hungary). The gravity sta
tions were distributed randomly, with the average sampling distance being 
500 m. The surface density of the stations was approximately 1 sta- 
tion/km2. The accuracy of the digitized data was ±0.1 m G al. The range of 
the Bouguer anomalies exceeds the noise level.

The vertical magnetic anomalies of the prospecting areas were also re
corded by ELGI. The magnetic stations were distributed randomly with an

Fig. 1. Location of the eight prospecting areas 
1. ábra. A nyolc kutatási terület elhelyezkedése
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average sampling distance of 1000-1500 m, their surface density was ap
proximately 0.5 station/km2. The accuracy of the digitized data was ± 3 nT, 
the error of the derivatives of the Bouguer anomalies with respect to the 
variables x, y, and z is ±1 Eötvös.

Those data that we used to determine parameters p h p 2, and p 3 are se
lected by an appropriate 2-D window. One of the aims of using the 2-D win
dow is to select those anomalies that are probably produced by the same 
sources. The extension of the 2-D window (indicated by an inner frame in 
these anomaly maps) is determined by trial and error.

The other significant phase of the application of the iterative proce
dure is for tracing convergence when iteration started from different initial 
estimates. If the result of these iterations is the same, it is accepted as a sta
ble convergence. Convergence of the iterative process takes place in 5-7 
iterative steps. The applied weight factor, the dihesion, supports the 
effective convergence.

Balmazújváros-Ny prospecting area

Balmazújváros-Ny prospecting area is located in the Szolnok flysch 
zone. It extends from Szolnok (Hungary) to Nagykároly (Romania) and is 
approximately 150 km in length and about 20-30 km wide. Its strike is in 
the SW-NE direction. Judging from seismic measurements this zone has a

Bouguer anomalies Vertical magnetic anomalies

Fig. 2. Bouguer and vertical magnetic anomalies over the Balmazújváros-Ny prospecting 
area, anomalies are given in mGal and nT units, respectively. Inner frame indicates the

position of the 2-D window
2. ábra. A Balmazújváros-Ny kutatási terület Bouguer- és vertikális mágneses anomália
térképe, az anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak

helyzetét
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thickness of 1000-1500 m, con
sisting of four different layers: Up
per Cretaceous, Upper Paleocene, 
Middle-Upper Eocene, and Upper 
Oligocène. The flysch is 
superpositioned on some Meso
zoic napes. It creates the basement 
of the Pannonian layers. The thick
ness of the Neogene overlaying 
beds varies between 2 and 3 km. 
The flysch complex was reached 
by drilled wells or the wells ended 
in some Tortonian volcanic 
complex.

Figure 2 shows the Bouguer 
and vertical magnetic anomalies. 
The derivatives with respect to 
variables x, y, and z are presented 
in Fig. 3. The estimated values of 
the parameters and their errors are 
as follows, J/p = (0.0025±0.0008) 
Am2/kg, a=-65.22°±21.54°, and 
/?=32.02°±11.6°. Parameter J/p 
shows relatively high negative 
correlation (-0.49) with parameter 
a (Eq. 20). The other elements of

Fig. 3. Derivative of the Bouguer anomalies 
of Balmazújváros-Ny prospecting area with 

respect to variables x, y, and z; anomalies 
contoured in Eötvös units. Inner frame 

indicates the position of the 2-D window 
3. ábra. A Balmazújváros-Ny kutatási terület 

Bouguer-anomáliainak x, y, és z  változó 
szerinti deriváltja, az anomáliák eötvös 
egységben adottak. Belső keret jelöli a 

kétdimenziós ablak helyzetét

Derivative with respect 
to the variable y

km

Derivative with respect 
to the variable z

«

ш л
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the correlation matrix are minor ones (between 0.07 and 0.1). The 
correlation coefficient between the vertical magnetic anomalies reduced to 
the pole and the derivative with respect to variable z of the Bouguer 
anomalies is 0.189, and its 99% level confidence interval extends from 
0.063 to 0.31 (Eqs. 17 and 18). The value of the parameters summarized 
above leads to the conclusion that the anomalies are produced by different 
sources.

Egyek prospecting area

The Egyek prospecting area is to be found in the Jászság basin, which 
is one of the sub-basins of the Great Hungarian Plain. This particular 
sub-basin is filled with the Újfalui formation (Neogene complex) whose 
thickness is of 1400 m.

Figure 4 illustrates the Bouguer and the vertical magnetic anomalies. 
The derivatives with respect to variables x, y  and z of the Bouguer 
anomalies are presented in Fig. 5. The estimated values of the parameters 
and their errors are as follows, J/p = (0.000404 ±0.00046) Am2/kg, 
a=-23.9°±44.6°, and /?=293.1°±140.9°. Parameter J/p shows significant

Bouguer anomalies Vertical magnetic anomalies

Fig. 4. Bouguer and vertical magnetic anomalies over the Egyek prospecting area, 
anomalies are given in mGal and nT units, respectively. Inner frame indicates the position

of the 2-D window
4. ábra. Az Egyek kutatási terület Bouguer- és vertikális mágneses anomália térképe, az

anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak helyzetét
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Derivative with respect 
to the variable x

Derivative with respect 
to the variable y

A

km
Derivative with respect 

to the variable z
A

km

anti-correlation (-0.75) with 
parameter a (Eq. 20). The other 
elements of the correlation matrix 
show some correlation between 
0.07 and 0.38. The correlation 
coefficient between the vertical 
magnetic anomalies reduced to the 
pole and the derivative with 
respect to variable z of the 
Bouguer anomalies is 0.0187, and 
its 99% level confidence interval 
extends from -0.089 to 0.26 (Eqs. 
17 and 18). The high errors of the 
estimated parameters and the low 
correlation coefficients express 
certain discrepancies between the 
sources of the Bouguer and 
vertical magnetic anomalies.

Fig. 5. Derivative of the Bouguer anomalies 
of Egyek prospecting area with respect to 
variables x, y, and z; anomalies contoured 
in Eötvös units. Inner frame indicates the 

position of the 2-D window

5. ábra. Az Egyek kutatási terület 
Bouguer-anomáliainak*, y, és z változó 
szerinti deriváltja, az anomáliák eötvös 
egységben adottak. Belső keret jelöli a 

kétdimenziós ablak helyzetét
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Kunszentmárton prospecting area

The Kunszentmárton prospecting area is located in the middle part of 
the Great Hungarian Plain. It belongs to the Mecsek zone of the Tisza unit. 
The basement consists of Valanginian-Barremian volcanic and volca
nic-sediments of Mecsek type. In addition to the volcanic layers the base
ment also contains marl, marl-clay, and limestone. The characteristic for
mation of the area is Hidasvölgyi marl complex.

The Bouguer and the vertical magnetic anomalies of the prospecting 
area can be seen in Fig. 6. The derivatives with respect to variables x, y, and 
z of the Bouguer anomalies are contoured in Fig. 7. The estimated values of 
the parameters and their errors are as follows, J/p = (0.0146±0.00315) 
Am2/kg, a=81.10±5.10, and /?=35.4°±21.23°. The elements of the 
correlation matrix show minor values (0.1-0.2) (Eq. 20). The correlation 
coefficient between the vertical magnetic anomalies reduced to the pole 
and the vertical derivative of the Bouguer anomalies is 0.61, and its 99% 
level confidence interval extends from 0.48 to 0.7 (Eqs. 17 and 18). The 
estimated value of the parameters and the correlation coefficient support

Fig. 6. Bouguer and vertical magnetic anomalies over the Kunszentmárton prospecting 
area, anomalies are given in mGal and nT units, respectively. Inner frame indicates the

position of the 2-D window
6. ábra. A Kunszentmárton kutatási terület Bouguer- és vertikális mágneses anomália

térképe, az anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak
helyzetét
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Derivative with respect 
to the variable x
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the applicability of Poisson’s 
relation. The Bouguer and vertical 
magnetic anomalies certainly 
have some common source.

Nagykörű prospecting area

The Nagykörű prospecting 
area also belongs to the Szolnok 
flysch zone. Its geologic structure 
is similar to the Balmaz- 
újváros-Ny area. The prospecting 
wells discovered thick Upper 
Paleocene and Lower Eocene 
layers.

The Bouguer and the vertical 
magnetic anomalies of the 
prospecting area are presented in 
Fig. 8. The derivatives with 
respect to variables x, y, and z of 
the Bouguer anomalies can be 
seen in Fig. 9. The estimated 
values of the parameters and their 
errors are as follows, J/p = 
(0.0095±0.00153) Am2/kg, a= 
10.4°±19.5°, and ß= 92.5°±39.5°. 
The elements of the correlation 
matrix are between 0.15 and 0.3

Fig. 7. Derivative of the Bouguer anomalies 
of Kunszentmárton prospecting area with 
respect to variables x, y, and z; anomalies 

contoured in Eötvös units. Inner frame 
indicates the position of the 2-D window 

7. ábra. A Kunszentmárton kutatási terület 
Bouguer-anomáliainak x, y, és z változó 
szerinti deriváltja, az anomáliák eötvös 
egységben adottak. Belső keret jelöli a 

kétdimenziós ablak helyzetétkm
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Fig. 8. Bouguer and vertical magnetic anomalies over the Nagykörű prospecting area, 
anomalies are given in mGal and nT units, respectively. Inner frame indicates the position

of the 2-D window
8. ábra. A Nagykörű kutatási terület Bouguer- és vertikális mágneses anomália térképe, az 

anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak helyzetét

(Eq. 20). The correlation coefficient of the vertical anomalies reduced to 
the pole and the vertical derivative of the Bouguer anomalies is 0.23, and 
its 99% level confidence interval is -0.062 and -0.46 (Eqs. 17 and 18). 
From the results it can be interpreted that there is no certainty of there being 
any coincidence of the gravity and magnetic anomalies.

Nova prospecting area

The Nova prospecting area is located in the southwest part of Hungary. 
Its pre-Neogene basement consists of two main structural units: the 
Balaton crystalline swell and the central mountain facies belt.

The elements of the Balaton crystalline swell are detected in the south
ern part of Nova. Mica-schist, granite, granodiorite, quartz-porphyrites 
were cored by exploration wells. The age of these rocks may be Precam- 
brian, but the main mass is Paleozoic: Ordovician-Silurian metamorphic 
rocks, Carboniferous granite, and Permian quartz-porphyrite. These rocks 
are located in an east-west emergent ridge in the Orta- 
háza-Pusztaederics-Kilimán line. They subsided to greater depths along to 
the north and south, as well as to the west from Ortaháza.
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Derivative with respect 
to the variable x
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The rocks of the central moun
tain facies belt can be found north 
of the crystalline swell. Large 
amounts of sediments were depos
ited in the late Paleozoic-Mesozoic 
cycle. The products o f exploration 
wells indicate that Permian rocks 
are probably located south of 
Dióskál. Triassic Dachstein lime
stone and dolomite formation can 
be detected in the entire area. Juras
sic detritus is found in the north
east-southeast direction in the vi
cinity of Bárszentmihályfa and 
Kehida. The limestone formation of 
Ugod and the marl formation of 
Polány are the products of Upper 
Cretaceous sedimentation.

Eocene series are superim
posed on the eroded surface of Me
sozoic rocks with angular uncon
formity. Middle and Upper Eocene 
sediments were deposited simulta
neously with subsidence of the ba
sin. The deepest part of the basin is 
in the central zone of the area. This 
east-west trench of Zalatánok con
tains more than 1 0 0 0  m of the 
sedimentary complex.

Fig. 9. Derivative of the Bouguer anomalies 
of Nagykörű prospecting area with respect to 
variables x, y, and z; anomalies contoured in 

Eötvös units. Inner frame indicates the 
position of the 2-D window 

9. ábra. A Nagykörű kutatási terület 
Bouguer-anomáliainak x, y, és z változó 
szerinti deriváltja, az anomáliák eötvös 
egységben adottak. Belső keret jelöli a 

kétdimenziós ablak helyzetét
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An erosion period was dominant from the Eocene to the Miocene. 
Sedimentation started probably in Badenian, and it continued with short hi
atuses in Sarmatian as well as in Pannonian. The Badenian-Sarmatian 
transgression period turned into a regressional filling cycle (Lower 
Pannonian) and terrestrial sediments were deposited as the last stage of the 
basin evolution.

Figure 10 shows the Bouguer and the vertical magnetic anomalies of 
the prospecting area. The derivatives with respect to variables x, y, and z of 
the Bouguer anomalies are presented in Fig. 11. The estimated values of the 
parameters and their errors are as follows, J/p = (0.0025±0.000369) 
Am2/kg, a=-45.2°±8.3°, and /?=277.0°±6.8°. Parameter J/p shows a high 
negative correlation of-0.69 with parameter a (Eq. 20). Other elements of 
the correlation matrix vary between -0.24 and 0.12. The correlation 
coefficient of the vertical magnetic anomalies and the vertical gradient of 
the Bouguer anomalies is -0.21, its 99% level confidence interval extends 
from -0.37 to -0.035 (Eqs. 17 and 18). The geological structure of the 
Nova prospecting area is rather complex. It is very probable that the gravity 
and magnetic sources are different.

Fig. 10. Bouguer and vertical magnetic anomalies over the Nova prospecting area, 
anomalies are given in mGal and nT units, respectively. Inner frame indicates the position

of the 2-D window
10. ábra. A Nova kutatási terület Bouguer- és vertikális mágneses anomália térképe, az
anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak helyzetét



186 Kis — Wittmann

Derivative with respect 
to the variable x

*
I20
|l6
12

8

- 4 

~ 0 
_ _4

-8
-  -12 

- -16 

-  -20

Derivative with respect 
to the variable z

Fig. 11. Derivative of the Bouguer 
anomalies o f Nova prospecting area 
with respect to variables x, y, and z; 

anomalies contoured in Eötvös 
units. Inner frame indicates the 

position of the 2-D window 
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anomáliák eötvös egységben 
adottak. Belső keret jelöli a 

kétdimenziós ablak helyzetét
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Ölbő prospecting area

The Ölbő prospecting area is located on the northwest side of the Rába 
tectonic line. The area belongs to the east Alp type napes which consists of 
Rába type metamorphic complex or Graz type Paleozoic 
(Silurian-Devonian) complex. The metamorphic complex has different 
formations: sericite-schists, sandstone-schists, metamorphic dolomites, 
quartz-phyllites, and metasandstones. The metamorphic complex is cov
ered by Miocene (Upper Badenian) sediments. The basement of Miocene 
sediments belongs to the Rákosi Limestone formation. They super- 
positioned, with discordances, to the Paleozoic basement.

Figure 12 shows the Bouguer and the vertical magnetic anomalies of 
the prospecting area. The derivatives with respect to variables x, y  and z of 
the Bouguer anomalies are presented in Fig. 13. The estimated values of 
the parameters and their errors are as follows, J/p = ( 0.00508±0.00042) 
Am2/kg, a=32.7°±21.3°, and /?=35.1°±8.5°. The elements of the corre
lation matrix vary between 0.35 and 0.04 (Eq. 20). The correlation coeffi
cient of the vertical magnetic anomalies reduced to the pole and the vertical 
gradient of the Bouguer anomalies is -0.167 and its 99% confidence inter
val extends from -0.270 to -0.0605 (Eqs. 17 and 18). The anti-correlation 
of the two anomalies and the values of the estimated parameters express the 
concept that the gravity and magnetic anomalies have different sources.

Fig. 12. Bouguer and vertical magnetic anomalies over the Ölbő prospecting area, 
anomalies are given in mGal and nT units, respectively. Inner frame indicates the position

of the 2-D window
12. ábra. Az Őlbő kutatási terület Bouguer- és vertikális mágneses anomália térképe, az
anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak helyzetét
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Derivative with respect to the variable X

Fig. 13. Derivative of the Bouguer 
anomalies o f Ölbő prospecting 

area with respect to variables x, y, 
and z; anomalies contoured in 

Eötvös units. Inner frame indicates 
the position of the 2-D window 

13. ábra. Az Ölbő kutatási terület 
Bouguer-anomáliainak x, y, és z 

változó szerinti deriváltja, az 
anomáliák eötvös egységben 
adottak. Belső keret jelöli a 

kétdimenziós ablak helyzetét
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Pusztamonostor prospecting area

The Pusztamonostor prospecting area is part of the Alp type Bükk unit. 
The basement consists of Paleozoic and Mesozoic metamorphic complex. 
Middle and Upper Triassic carbonate rocks are also detected and Jurassic 
Szarvaskő diabase formation can be found in the basement. Because of the 
lack of wells the sources of anomalies cannot be determined.

Figure 14 shows the Bouguer and the vertical magnetic anomalies. 
The derivatives with respect to variables x, y, and z of the Bouguer 
anomalies are presented in Fig. 15. The estimated values of the parameters 
and their errors are as follows, J/p = (0.003 ±0.00024) Am2/kg, 
a=9.2°±25.8°, and /?=348.7°±18.6°. Parameter J/p shows 0.51 and 0.54 
correlation with parameters a and ß, respectively (Eq. 20). The correlation 
coefficient of the vertical magnetic anomalies and the vertical gradient of 
the gravity anomalies is -0.052 and its 99% level confidence interval 
extends from -0.235 to 0.133 (Eqs. 17 and 18). The low correlation 
coefficient and the value of the estimated parameters show that the source 
of the gravity and magnetic anomalies is not common.

Bouguer anomalies Vertical magnetic anomalies

Fig. 14. Bouguer and vertical magnetic anomalies over the Pusztamonostor prospecting 
area, anomalies are given in mGal and nT units, respectively. Inner frame indicates the

position of the 2-D window
14. ábra. A Pusztamonostor kutatási terület Bouguer- és vertikális mágneses anomália

térképe, az anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak
helyzetét
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Vése prospecting area

The Vése prospecting area is a part of the Alp type Middle 
Transdanubian unit. The basement probably consists of a Paleozoic and 
Mesozoic metamorphic complex.

Figure 16 shows the Bouguer and the vertical magnetic anomalies. 
The derivatives with respect to variables x, y, and z of the Bouguer 
anomalies are presented in Fig. 17. The estimated values of the parameters 
and their errors are as follows, J/p = ( 0.00101±0.000273) Am2/kg, 
a= 41.2°±64.8°, and /?=76.6°±24.9°. The elements of the correlation matrix 
vary between -0.28 and 0.1 (Eq. 20). The correlation coefficient of the 
vertical magnetic anomalies reduced to the pole and the vertical gradient of 
the Bouguer anomalies is 0.251 and its 99% level confidence interval 
extends from 0.00139 to 0.471 (Eqs. 17 and 18). The correlation coefficient 
and the estimated parameters support the concept that the gravity and 
magnetic anomalies have a common source.

Fig. 16. Bouguer and vertical magnetic anomalies over the Vése prospecting area, 
anomalies are given in mGal and nT units, respectively. Inner frame indicates the position

of the 2-D window
16. ábra. A Vése kutatási terület Bouguer- és vertikális mágneses anomália térképe, az
anomáliák egysége: mGal, illetve nT. Belső keret jelöli a kétdimenziós ablak helyzetét
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Fig. 17. Derivative of the Bouguer 
anomalies o f Vése prospecting area with 

respect to variables x, y, and z; 
anomalies contoured in Eötvös units. 

Inner frame indicates the position of the 
2-D window

17. ábra. A Vése kutatási terület 
Bouguer-anomáliainak x, y, és z változó 
szerinti deriváltja, az anomáliák eötvös 
egységben adottak. Belső keret jelöli a 

kétdimenziós ablak helyzetét
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A gravitációs és a földmágneses anomáliák együttes értelmezhetősége

KIS Károly és WITTMANN Géza

A Poisson-féle összefüggés általános kapcsolatot fejez ki a gravitációs és földmágneses 
anomáliák között. A Poisson-féle összefüggés alkalmazhatósága nyolc magyarországi kutatási 
területen került vizsgálatra. A kutatási területek Bouguer és vertikális mágneses anomália térképei 
1 km-es mintavételi távolsággal kerültek digitalzálásra identikus pontokban. A Poisson-féle 
összefüggés lineáris inverz feladat formájában is felírható. A lineáris inverz feladat a 
Bouguer-anomáliák x-, y- és z-váhozók szerinti deriváltjainak meghatározását teszi szükségessé. Az 
inverz feladat megoldása iterációval történik. Az inverz feladat megoldásának eredménye az eredő 
mágnesezettség vektor (annak deklinációja és inklinációja). A vertikális mágneses anomáliák a 
mágnesezettség deklinációjának és inklinációjának ismeretében északi földmágneses pólusra
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redukálhatok. A Poisson-féle összefüggésből következik, hogy az északi foldmágneses pólusra 
redukált mágneses anomáliák a Bouguer-anomáliák vertikális deriváltjával fognak korrelálódni. A 
korrelációs együttható a Poisson-féle összefüggés alkalmazhatóságának mértéke lehet. Két kutatási 
terület rendelkezik nagyobb korrelációs együtthatóval, ahol a Poisson-féle összefüggés teljesültnek 
tekinthető.
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