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ABSTRACT

The method of the normalized full gradient (NFG) is one of the methods applied for the determination of singular
points of potential fields. The NFG method is based on the transformed data and field filtering in downward con-
tinuation to the levels below the measuring level. The method was applied to obtain both the horizontal location
and depth of the magnetic sources. The feasibility of the proposed method was tested on 2-D synthetic models,
such as magnetic horizontal cylinder and vertical dike. The maxima of the NFG field indicate the horizontal loca-
tions and depths of the causative. Good results are obtained by using the present method, particularly for depth
estimation, which is a primary concern in magnetic prospecting.

The reliability of the NFG method depends mainly on the developed coefficients of the Fourier series in transfor-
ming and filtering of magnetic anomalies. The optimum upper harmonic limit of coefficients can be determined
from the breaking point on the envelope of the logarithmic spectrum of the Fourier cosine coefficients. In addition,
a simple procedure in determining the degree of smoothing factor is also presented to eliminate high-frequency
noise resulting from downward continuation process.

The NFG method is applied to magnetic data in the southern lllinois, the USA. The sources’ parameters (horizon-
tal location and depth) were compared with results obtained by Euler deconvolution method. The agreement bet-
ween methods for estimating these parameters is good.
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Normalize tam gradient (NTG) yéntemi potansiyel alanlarin tekil noktalarinin belirlenmesi icin uygulanan yéntemler-
den biridir. NTG ydntemi, élciim seviyesinin altindaki asagi uzanim seviyelerinde veri siizgeglemesi ve déntisiimiine
dayali bir yéntemdir. Yéntem manyetik anomali kaynaklarinin yatay lokasyon ve derinliginin belirlenmesinde
kullanilmistir. Yéntemin uygulanabilirligi, yatay silindir ve diisey dayk gibi iki boyutlu teorik modeller (izerinde test

edilmistir. NTG alaninin maksimumlari kaynak kdtlelerin yatay lokasyonlarini ve derinliklerini vermektedir. NTG yén-
temi manyetik arama yéntemi icin 6nemli bir problem olan derinlik kestiriminde iyi sonuglar sunmaktadir.

NTG ydntemi manyetik anomalilerin dénlistimiinde ve slizgeclenmesinde, esas olarak Fourier serilerinin katsayilarinin
hesaplanmasina dayanir. Katsayilarin tist harmonik siniri, Fourier kosints katsayilarinin logaritmik spektrumunun zarfi
lizerindeki kirlma noktasindan belirlenebilir. Ayrica bu ¢calismada, asagi uzanim islemi sirasinda ortaya cikan ylksek
frekansli grdltlyl yok etmek icin kullanilan yuvarlatma faktdriinin belirlenmesinde basit bir islem de sunulmaktadir.
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NTG yéntemi Giiney lllinois’deki (ABD) manyetik veriye uyqulanmistir. NTG yéntemiyle elde edilen sonuclar, diger

yéntemlerle bulunan sonuglarla uyumliudur.

Anahtar Kelimeler: Manyetik anomaliler, anomali kaynaklari, normalize tam gradyent

INTRODUCTION

Estimation of location and depth of burial bod-
ies from observed magnetic data are some
of the primary objectives of interpretation in
exploration geophysics. Developing efficient
techniques have become particularly impor-
tant because large volumes of magnetic data
are being collected for environmental and ge-
ologic applications. For this reason, a variety
of semiautomatic methods based on the use
of derivatives of the magnetic field have been
developed for the determination of magnetic
source parameters such as horizontal locations
and depths. One of these methods is the ap-
proach of the analytic signal of magnetic anom-
alies. The analytic signal amplitude is defined
as the square root of the sum of the squares
of the horizontal and vertical derivatives of the
magnetic field. The analytic signal for magnetic
anomalies was initially developed as a complex
field deriving from a complex potential (Na-
bighian, 1972). Application of analytical signal
techniques to 2-D magnetic interpretation was
pioneered by Nabighian (1974, 1984), Atch-
utaRao et al. (1981) and further developed by
Thurston and Smith (1997) and Pedersen and
Bastani (1997). These attempts are based on
the location of the maximum in the NFG sec-
tions for determining the source positions.

The analytical downward continuation of the
potential fields is widely used for data interpre-
tation (e.g., Fuller 1967; Clarke 1969; Mesko
1984; Pawlowski 1995; Debeglia and Corpel
1997; Xu et al. 2003). The downward continu-
ation of the potential fields from a measured
surface is an important method used to amplify
certain wavelengths of measured data to en-
hance the expression of causative bodies. The
main problem is that disturbing oscillations oc-
cur in the process of downward continuation
of a potential field to depths, which are close
to the depth of the anomalous sources. The

downward continuation procedure was stabi-
lized by means of various approaches (Tikhonov
et al. 1968; Fedi and Florio 2002; Trompat et al.
2003; Cooper, 2004).

The NFG method combines both the analytic
signal and the downward continuation. This
method represents the full gradient (or analytic
signal) of the downward continuation of gravity
or magnetic data at a point divided by the aver-
age of the full gradient at the depth levels. Par-
ticularly, it was introduced to detect the oil res-
ervoirs from gravity data (Berezkin and Buketov
1965; Berezkin 1967; Berezkin 1973) and fur-
ther developed by many authors (Lindner and
Scheibe 1977; Strakhov et al. 1977; Mudretso-
va et al. 1979; Ciancara and Marcak 1979; Elys-
seieva 1982; Berezkin and Skotarenko 1983;
Berezkin 1988; Elysseieva 1995; Pasteka 1996;
Zeng et al. 2002).

The first application of NFG method in the in-
terpretation of magnetic data was conducted
by Berezkin et al. (1994) without testing it on
synthetic models, only applying it on real data-
sets from oil industry. Xiao (1981) and Xiao and
Zhang (1984) have used the method for oil ex-
ploration in China. Zeng et al. (2002) published
the results of implementing the method for2-D
cases sections of anticlines with homogenous
density in the Shengli oil field.

The aim of this paper is to present results of
the 2-D NFG of magnetic anomalies resulting
from causative bodies at datum. The results
demonstrate the feasibility and advantages of
the usage of NFG maxima in a complementa-
ry fashion to obtain geologic information from
magnetic data.

THE NFG OPERATOR

The full gradient term means the square root of
the sum of the squares of the horizontal and
vertical derivatives. The NFG method is very



close to the method of analytic signal, intro-
duced by Nabighian (1972), especially to its
later modification (Nabighian 1974). The elimi-
nation of disturbing oscillations arising during
the downward continuation progress is the ba-
sic property of the NFG method because the
combination of the derivatives into the full gra-
dient reduces the oscillations. This normaliza-
tion on each depth levels enables us to obtain
the relevant extreme of the NFG field close to
the source (Berezkin 1988; Pasteka 2000) and
eliminates disturbing oscillations which occur
near the depths of the anomalous sources dur-
ing the downward continuation process. The
NFG for total field magnetic anomaly T is de-
fined in two dimensions is given as
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where, T, and T,are derivatives of T with re-
spect to x and z, respectively. M is the number
of observation points. The denominator of
equation (1) is the mean value of full gradient
calculated over M observation points, and this
normalization makes the full gradient value di-
mensionless.

Computation of the NFG operator is performed
using a Fourier series approach in such a way
that the T (x,z)function along the x axis can
be given as the summation of sine and cosine
functions (Bracewell 1984; Blakely 1995). If the
data are defined on the (0, L) interval, just the
sine or cosine expansions can be used (Riki-
take et al. 1976; Elysseieva and Cvetkova 1989).
The downward continuation in the wave number
domain by Fourier series summation is as fol-
lows:

N oz
T (x,z)= > A, oos%x et 2
n=Ny,

where, A is Fourier cosine coefficient, n is the
harmonic serial number and z is the plane on
which the downward continuation is performed.
N,,andN are the used lower and upper
harmonic limits of Fourier series, respectively.
Lower harmonic limit-N,_ =1is a general
convention for the potential data to preserve
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the lower frequency components (Aydin 1997).
N is defined as

N <N, 3)

where N =M -1,

A can be calculated by using

2" mnx
=— ,0)oos— dx .
A, LojT(x )o0S . 4)

Therefore, at cosine-decomposition it is pos-
sible to use the functions, complicated with a
regional component. The numerical methods,
such as trapezoidal rule or Filon’s method
(Filon, 1928), can be used in computing the Eq
(4). Aydin (2007) showed that the latter yields
more stable results than that of other in com-
puting the coefficients with sine decomposition.
Taking the derivatives of equation (2) with re-
spect to the x- and z-direction we get

o X _ onx =2
T (X,2)=— nA sSN—--e?t | 5
(52) LZ 2SN (5)
N mnz
T,&x,2)=— ) nA OS—e* (6)

In order to eliminate high-frequency noise re-
sulting from downward continuation, the fol-
lowing smoothing factor is used:

u

q= ; (7)

where, L is a positive real number known as the
degree of smoothing which controls the curva-
ture of incorporated by the g factor. The g fac-
tor has been incorporated by Berezkin (1967),
who used variable value of parameter N and
constant value of parameter u = 2. This factor
is also known as Lanczos smoothing term and
was introduced to eliminate the Gibbs effect.
Thus the function T (x,z) and derivatives are
given by
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Substituting equations (9) and (10) into equa-
tion (1), the NFG is calculated.

APPLICATION TO SYNTHETIC EXAMPLES

To demonstrate the feasibility of the NFG meth-
od, some 2-D magnetic bodies with negligible
remanent magnetization are considered under
the surface. These models are horizontal cylin-
der with an infinite horizontal extent and vertical
dike with infinite depth extent. The theoretical
model studies are quite self-explanatory and
confirm the efficiency of the method.

Two important parameters in the NFG solutions
are the optimum upper harmonic limit N opt and
smoothing degree L. Berezkin (1967) found
out that the image of the NFG field with various
N will change on model studies and real appli-
cation. He has developed an empirical rule for
the determination of the depths of the sources
called Berezkin’s criterion of maximum. Elys-
seieva (1982) enlarged the possibilities of the
interpretation of the maximum values and intro-
duced the analysis called “zones of maximum
values”. This method is based on the connec-
tion of the positions of all local maxima, which
are situated approximately beneath each other,
at every depth levels. Elysseieva (1995) derived
analytical expressions, which describe their val-
ues and position and developed two criterions
for the correspondence between zone char-
acteristics and depth of the singularity. Aydin
(1997) suggested that /=1 or 2 gives rea-
sonable results in the downward continuation.
Dondurur (2005) showed N, and N limits
are determined by a trial-and-error method.

However, the best NFG solutions are charac-
terized by relatively smooth contours between
maximum and minimum points, but the method
is subjective.

Figure 1 shows the NFG sections which are cal-
culated in the interval of N=1-16for H=1,
1.5,2,25and 3. For i =1 and 1.5, the NFG
maximum is obtained at shallower depths, while
the NFG maximum with £ =2.5 and 3 is ob-
tained at deeper depths than actual depth. It is
clear that the NFG maximum from p =2 works
well in imaging the center depth to source.

An important property of the method is the fact
that the NFG operator is a complicated nonlin-
ear filter with specific spectral characteristics.
The frequency filtering function is defined from
Eq. (9) and (10) as

nz

o = m eTq. (11
L

This function determines the frequency char-
acteristic of the NFG operator by transform-
ing into a filter, which is close to a band pass
(Berezkin 1988; Aydin 2007). The term &™7* in
Eq. (11) is the spectral characteristic of analytic
continuation. Considering that L =N X, the
degree HHZ/L in this equation can be realized
as Rnﬂn/N . Thus the parameter R is written
as

R =——. (12)
N x

This parameter represents the equation of a
hyperbole, asymptotes of which are axes of
coordinates N /N andz/Ax. This coordi-
nate system is convenient for the analysis of
dependence of depth of NFG maximum on
N /N (Elysseiva 1995). Equation (12) can be
used in the description of the behavior of the
center depth (z) of zone maximum point in the
computed NFG field. In order to define the rela-
tion between parameter y and z, | have pre-
sented two-step procedure. This is similar to a
method, based on the criterion o in the Quasi
Singular Points (QSP) obtained using method
outlined by Elysseiva (1995). At first, the center
depths of NFG maxima calculated from 14=0.5,
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Figure 1. Logarithmic spectral analysis of total-field magnetic anomaly for a long horizontal cylinder model and de-

Sekil 1.

termination of optimum upper harmonic limit. The spectrum is computed at a smaller sampling interval of
0.05. The vertical arrow marks the breaking point on the envelope of the spectrum and also defines the

optimum upper harmonic of Nopt =16.
Uzun yatay silindir modelinin toplam alan manyetik anomalisinin logaritmik spectral analizi. Spektrum

0.05 araliginda hesaplanmistir. QU_sey ok spektrumun zarfinin kirlma noktasini isaretler ve ayni zamanda
optimum Ust harmonigi verir (N, = 16)
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1, 1.5, 2, 2.5 and 3 are observed. Further, the
depth values from local maximum points of the
NFG fields are graphed as a function of N /N

values (Figure 2). It can be noted that at low
values of the N /N ratio the graph obtained
using =2 shows stable depth solutions,
and a sudden slope change is present when
N /N=04 and z/Ax=5.05 (N =40,
Ax = 0.1km). In this case, the NFG maximum
practically coincides on depth with the center
of the cylinder (z= 05km). Thus, this analy-
sis allows obtaining estimates of the optimum
upper harmonic limit N opt ? smoothing factor U
and depth to source z.

In order to determine optimum upper harmonic
limit, | propose a method based on spectral
analysis of magnetic anomaly. When logarith-
mic spectrum of coefficients |An‘ is drawn in
function of n, a breaking point on the enve-
lope or peaks of spectrum is obtained. This
point corresponds to an estimate of the opti-
mum number of Fourier terms (Nopt).Figure 3
shows the logarithmic spectrum |An| of mag-
netic anomaly (Figure 1)along a 4 km profile
sampled at intervals of 0.1km generated from a
long horizontal cylinder which is placed at the
depth to the center of 0.5 km. The harmonic
limits of spectrum in Fig. 1 are N= 1-40 . The
spectrum is computed at very smaller inter-
val of 0.05 to find a critical point, marking the
optimum upper harmonic Iimit—NOpt precisely.
Thus the optimum upper harmonic limit-N
obtained from the breaking point on the enve-
lope of the spectrum is 16 (Figure 3).

Figure 4 and 5 show the results of applying the
method to the same anomaly shown in Fig.1 but
corrupted with additive, zero-mean, Gaussian
noise having standard deviations of 3.88 nT and
5.48 nT, which corresponds to 5 and 10 percent
of the maximum of the magnetic anomaly, re-
spectively. When compared with Figure 4, Fig-
ure 5 shows the expected increase in the local
minima, while the increase of the noise has such
small effect that the results are virtually the same
as those shown in Figure 3 in determining both
the location and depth of the horizontal cylinder.

Figure 6 shows the logarithmic spectrum |An‘ of
magnetic anomaly (Fig. 8) along a 4 km profile

sampled at intervals of 0.1kmgenerated by an
infinite vertical dike model, the top of which is
located at 0.5 km depth. The spectrum is com-
puted by sampling interval 0.05 in the harmonic
limits ofN=1-40. The optimum upper har-
monic Iimit—NOp obtained from the breaking

t
point on the envelope of the spectrum is 10.

Figure 7shows the changes of the depth of
the NFG maximum using #=0.5, 1,15, 2, 2.5
and 3 vs.N /N ratio. A clear slope change of
the graph, obtained from 1/ =1, corresponds
to values of N /N =025andz/Ax=6 (
N =40, Ax = 0.1km). Therefore, this process
also confirms the validity of the optimum up-
per harmonic limit, obtained from the logarith-
mic spectrum‘]—\n| in Fig. 6for definition of body
location. In Figure 8, the NFG field has been
calculated in the interval of N = 1—10for,u =1
and imaged the depth to the top of the dike.

FIELD EXAMPLE

In this section, | have tested the validity of the
NFG method using a field example. Figure9
shows that the envelope of the logarithmic
spectrum ‘An‘ of the ground magnetic anom-
aly (Figure 11) measured over an altered peri-
dotitic dike in southern lllinois, USA (Kirkham
2001). The spectrum has a meaningful change
of slope, allowing estimating an optimum up-
per harmonic limit of N . = 22. The spectrum
is computed with the interval of 0.05.

The dike strikes northwards and the magnetic
profile was obtained in the east-west direction
(Kirkham 2001). From closely spaced drilling, it
is known that the dike is located at a horizontal
distance of 200 m from the origin of the profile
with a depth to the top and its width of about
10 m (Kirkham 2001). Salem and Ravat (2003)
has developed an analytic signal-Euler (AN-
EUL) method based on the derivatives of the
analytical signal. Using the same field example,
the location and depth of the dike have been
estimated as 205.74 m and 9.17 m, respec-
tively. Salem (2005) has also used the same
anomaly to detect the source location parame-
ters by using a method based on the first-order
analytic signal derivative. Thus the results indi-
cate a causative body, located at a position of
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Figure 2. Changes of the depth position of NFG maximum used for the choice of the smoothing parameter [/ co-
vering a range from 0.5 up to 3 km in the interval of 0.5. The vertical arrow indicates a change-point on the

curve from {4 =2

. Note that the curve to this point is almost horizontal. The point confirms the optimum

upper harmonic (N N =0.4,N =40) from Fig.1. It also defines depth to long horizontal cylinder

(z/Ax =5.05, Ax Z 0. 1km)
Sekil 2.

Yuvarlatma parametresinin ([{) segimi igin kullanilan NTG maksimumlarinin derinlik konumlarinin

degisimleri. Derinlikler 0.5 km den 3 km’ye 0.5 km araliklarda degistirilmistir. Dlisey ok U= 2 ‘den elde
edilen egri Uzerindeki bir degisim noktasini gésterir. Bu noktaya kadar egrinin hemen hemen dogrusal
olduguna dikkat edilmelidir. Bu nokta Sekil 1°den elde edilen optimum (st harmonigi ( N / N=04.
N =40 ) dogrular ve uzun yatay silindirin derinligini de belirler.

2022+02m and at a depth of 93+02 m,

In Figure 10, followina the criterion described in
Eqg. (12), | selected a #* £ value of 1 and a slope
change-point corresponding to the values of

N . /N =02784and z/Ax=145N =79,
Ax =5 m).The anomalous source is positioned
at an approximate location of 202 m and in a
depth to its top of 7.25 m from the center depth
of the NFG maximum (Fig.11). Therefore, NFG
image confirms that the positions of the body
are close to the horizontal location and depth
suggested by Salem and Ravat (2003) and Sa-
lem (2005).

DISCUSSION

In this study, the NFG method has provided
successful results in the interpretation of mag-
netic anomalies. The performance and reliability
of the NFG method are also tested on the syn-
thetic and field data. As a result of NFG applica-
tions to two-dimensional bodies, the method is
able to identify for detecting horizontal locations
and depths of subsurface features. The method
possesses great opportunities at interpretation
of magnetic data in conditions of complete ab-
sence of a priori information such as depths and
locations of the anomalous sources. However,
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Figure 3. Total-field magnetic anomaly generated by a long horizontal cylinder model with a radius of 0.2 km and

Sekil 3.

the depth to the center of 0.5 km, magnetization vector at 30°. Sampling interval is 0.1 km (M=41). The
NFG sections were computed using depth levels of 0.1 km interval. Note that the deeper center depth of
the NFG maxima is obtained, the bigger the value of ,U;The long horizontal cylinder was illustrated on the
panel that the best results were obtained ( [/ = 2, Nop, =16). The dashed lines represent the down-
ward continuation levels.

0.2 km yaricapli, merkez derinligi 0.5 km ve miknatislanma vektdriindn acisi 30° olan uzun yatay silindir
modelinin toplam alan manyetik anomalisi. Ornekleme araligi 0.1 km dir (M=41). NTG kesitleri 0.1 km
aralikli derinlik seviyelerinde hesaplanmistir. [l degeri blyddikee NTG maksimumlarinin da bdyddtgine
dikkat edilmelidir. Uzun yatay silindir, en iyi sonuglarin elde edildigi panel Uzerinde gésterilmistir ( {4 = 2,

N~ .= 16). Kesikli cizgiler asagi uzarim seviyelerini temsil eder.

op

the method does not does not provide any

knowledge on the geometry of the sources.

Some semiautomatic techniques such as Euler
deconvolution (Thompson, 1982; Reid et al.,
1990), local wavenumber (Thurston and Smith,
1997; Salem and Smith, 2005), and continuous
wavelet transform (Vallee et.al.,, 2004). These
methods infer the nature of the sources, but the
main disadvantages of these methods are that
they require a well-founded understanding of a
critical parameter, the structural index, which
characterizes the source geometry. In addition,
these methods are sensitive to noise in the data

since they use higher derivatives of magnetic
anomalies. In the selection of the parameters
to build the NFG operator directly connected
with the determination of the source depth. In
this study, | have developed two graphs based
on the source depth to use upper harmonic
and smoothing factor, priori knowledge in the
NFG calculations. Some methods, based on
the use of this mathematical device, are de-
veloped. One of them is the method of quasi
singular points (QSP). The QSP is based on the
analysis of a peak spectrum, transformations
a quantity of fields and their representation by
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Figure 4. Total-field magnetic anomaly for a long horizontal cylinder model contaminated with Gaussian random no-
ise with standard deviation of 3.88 nT and NFG section. The dashed lines represent the downward conti-
nuation levels.

Sekil 4. Uzun yatay silindirin, standart sapmasi 3.88 nT olan Gauss glirtiltill toplam alan manyetik anomalisi ve
NTG kesiti. Kesikli cizgiler asagi uzanim seviyelerini temsil eder.
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Figure 5. Total-field magnetic anomaly for a horizontal cylinder model contaminated with Gaussian random noise
with standard deviation of 5.48 nT and NFG section. The dashed lines represent the downward continua-
tion levels.

Figure 5. Uzun yatay silindirin, standart sapmasi 5.48 nT olan Gauss glirliltiilii toplam alan manyetik anomalisi ve
NTG kesiti. Kesikli ¢cizgiler asagi uzanim seviyelerini temsil eder.
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Figure 6. Logarithmic spectral analysis of total-field magnetic anomaly for a semi-infinite vertical dike model and de-
termination of optimum upper harmonic limit. The vertical arrow marks the breaking point on the envelope
of the spectrum and also defines the optimum upper harmonic of N

Sekil 6. Yar sonsuz diisey dayk modelinin toplam alan manyetik anomalisinin /ogar/tm/k spectral analizi ve optimum
tist harmonigin belirlenmesi. Dusey ok spektrumun zarfinin kirlma noktasini isaretler ve ayni zamanda op-
timum Ust harmonigi verir ( =10 ).
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Figure 7. Changes of the depth position of NFG maximum used for the choice of the parameter [/ covering a range
from 0.5 up to 3 in the interval of 0.5. The vertical arrow indicates a change-point on the curve from [/ = 1
- Note that the curve to this point is almost horizontal. The point confirms the optimum upper harmonic

(N N =0.25,N =40) from Fig.6. It also defines optimum depth of Z/AX =6, AX=0.1km.

Sekil 7. Yuvarlatma parametresinin ( ld) segimi igin kullanilan NTG maksimumlarinin derinlik konumlarinin
degisimleri. Derinlikler 0.5 km den 3 km’ye 0.5 km araliklarda degistirilmistir. Disey ok [l = 1 ‘den elde
edilen egri Uzerindeki bir degisim noktasini gbsterir. Bu noktaya kadar egrinin hemen hemen dogrusal
olduguna dikkat edilmelidir. Bu nokta Sekil 6°dan elde edilen optimum (st harmonigi ( N / N =0.25,

N =40 ) dogrular ve diisey dayk derinligini de belirler.
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Figure 8. Total-field magnetic anomaly generated by a semi-infinite vertical dike model with a half-width of 0.25 km,
a depth to its top of 0.5 km and magnetization vector at 30°. Sampling interval is 0.1 km (M =4 ). The
NFG section was computed using depth levels of 0.1 km interval. The dashed lines represent the down-
ward continuation levels.

Sekil 8. Yar genisiligi 0.25 km, Ust derinligi 0.5 km ve miknatislanma vektdrinin agisi 30° olan yar sonsuz dlisey
dayk modelinin toplam alan manyetik anomalisi. Ornekleme araligi 0.1 km dir (M =4 ). NTG kesiti 0.1
km aralikli derinlik seviyelerinde hesaplanmistir. Kesikli cizgiler asagi uzanim seviyelerini temsil eder.

1 T

10 20 30 40 n 50 60 70 g0

Figure 9. Logarithmic spe*:ctral analysis of magnetic anomaly in Figure 11 and determination of optimum upper har-
monic limit (N, = 22).
Sekil 9. Sekil 11°deki manyetik anomalinin logaritmik spektral analizi ve optimum (st harmonigin belirlenmesi

(N, =22).
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Figure 10. Changes of the depth position of NFG maximum used for the choice of the parameter [/ covering a ran-
ge from 0.5 up to 3 in the interval of 0.5. The vertical arrow indicates a critical change-point on the cur-
ve from [/ = 1. The point corresponds to the values of N:pt /N =0.2784 (N =79) and confirms the

optimum upper harmonic from Fig. 9. It also defines the depth to the top of the semi-infinite vertical dike

of z/Ax =145, Ax=5 m.

Sekil 10. Yuvarlatma parametresinin () secimi icin kullanilan NTG maksimumlarinin derinlik konumlarinin
degisimleri. Derinlikler 0.5 km den 3 km’ye 0.5 km araliklarda degistirilmistir. Diisey ok [l = 1 ‘den elde
edilen egri iizerindeki bir kritik degisim noktasini gésterir. Bu nokta N, [N =0.2784 (N =79)
degerine karsilik gelir ve Sekil 9’dan elde edilen optimum (st harmonigi dogrular ve ayni zamanda yari
sonsuz diisey dayk derinligini de belirler (z/ Ax =1.45, Ax =5 m).

axes of phase’s synchronism of increased and
lowered values of each field, a choice of these
axes (zones) for interpretation, and finding
of position of a source of anomaly (Elysseiva
2003). However, this method has only applied
for deep research of the Earth crust using grav-
ity data.

CONCLUSION

The main advantage of the NFG method is that
it does not produce the oscillations when pass-
ing through the depths of anomalous sources.
As a result, the downward continuation can
be extended to the depths below the anomaly
source. Other advantages of this method are
that it requires calculation of only first order

derivatives of the magnetic field without re-
stricting to data of very high quality.

Tests performed on synthetic sources show a
good approximation of the estimated horizon-
tal locations and depths. The method is espe-
cially useful for detecting characteristic points
of causative bodies because closed maxima of
NFG fields correspond to their depths. In par-
ticular, the NFG maxima are useful in detecting
centers of the compact bodies and the depth to
the top of dikes with infinite depth extent. The
method is more susceptible to the choice of
the upper harmonic limit of Fourier coefficients
than to that of the smoothing factor.
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Figure 11. Ground total field magnetic anomaly from an igneous in southern lllinois, USA (Kirkham, 2001) and its
NFG section calculated from (1 =1and N, =22 using depth levels of 1 m interval. Profile length
and sampling interval is 395 m and 5 m, respectively (M =80 ). The dashed lines represent downward

continued levels.

Sekil 11. Giney lllinois’de (ABD) yerden élciilen ve volkanik kiitle iizerinde elde edilen toplam alan manyetik anom-

ali (Kirkham, 2001). NTG kesiti 1 m derinlik seviyelerinde ve [/ =1 ve N

2 icin hesaplanmustir.

Profil uzunlugu ve érnekleme araligi sirasiyla 395 m ve 5 m dir (M =80). Kesikli cizgiler asagi uzanim

seviyelerini temsil eder.

| have pointed out that logarithmic spectrum
of Fourier cosines coefficients of magnetic
anomaly has a marked change of slope at a
point corresponding to the optimum upper har-
monic limit N __ . Good results have been ob-
tained using this breaking point for theoretical
and real applications. This criterion is suitable
for situations, when there is only one important
source or there are several sources, at approxi-
mately equal depth levels. To discern the rela-
tion between (4 and depth to source z, | have
presented a method based on the depth values
of maximum or maxima in NFG field calculated
by using various smoothing degrees. The NFG
solutions show very good accuracy of the es-
timated depths, since it is possible to make
these parameters more exact and proved. The

NFG solutions show very good accuracy of es-
timated depths, compared to the known model
depths. In addition, a correlation between the
depth to the source and the estimated value
of Hwas observed, such as the deeper the
source, the larger the value of Li.
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