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Gravity interpretation via EULDPH
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Euler's homogeneily equation for determining the coordinates of the source body especially to estimate the depth
(EULDYPH) is discussed at this paper. This method is applied to synthetic and high-resolution real data such as gradiometric or
microgravity data. Low-quality gravity data especially in the areas with a complex geology structure has rarely been used. The
Bouguer gravity anomalies are computed from absolute gravity data afler the required corrections. Bouguer anomaly is
transferred to residual gravily anomaly. The gravity gradients are estimated from residual anomaly values. Then by applying
the gravity gradients, using EULDPH. the coordinates of the perturbing body will be determined. Two field examples one in
the cast of Tehran (Mard Abad) where we would like to determing the location of the anomaly (hydrocarbon) and another in
e south-sast of Tran close to the border with Afghanestan (Nosrat Abad) where we are exploring choromit are presented.
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1. Introduction

Locating depth and comers of a perturbing body are two
important .dasks in guatilative gravity interpretation. Euler
deconvolution  method (EULDPH) has  firstly becn
iniroduced by Thompson (1982). This method is based
upon Euler's homogeneity cquation. Reid et al. (1990) used
it to magnelic dala and briefly discussed the application of
this technigque to gravity survcy. The application of this
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method in the case of pgravity gradiometric and
microgravity has been introduced by Klingele et al. (1991},
EULDPH is an cfficient method for locating density
contrasts, particularly in the case of interfering anomaliss
(Marsom  and  Klingele, 1993) FEULDPH nceds no
assumplion about the geometry of the source body which is
# great advantage. Bocause the vortical gravily gradienl is
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more sensitive than gravity itself to geology structures and
itz interpretation iz less influenced by neighbuoring
disturbing bodies (Stanley and Green, 1976), and it can be
ideal data to use it in the method for gravity interpretaion.
When he wvertical gradient is not measured dircctly, il can
be numerically computed from the Bouguer gravity
anomalies. Solving the Fuler's homogeneity equations for
gravity gradients, the coordinates of the source can be
estimated with a high auuracy.

2- Euler’s equation

Thompson(1982)  showed that if (75, v, 2 be a
homeogencus function of degree M, Euler's homogeneity
equation is as follows:
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where &%, »y and =z, arc the coordinates of the
source. Klingele ¢ al. (1991} proved that the vertical
gradient of the gravily coffect of a  point mass is a
homogenous function of degree -3, Therefore in equation
(13 the function § can be replaced by the vertical gradient
of gravity. If we assume thal a source body can be
represented by an appropriate distribution of point sources
on the body's upper surface, W is a structural index
(Thompson  1982), The wvalue of this index has 1o be
determined in practice, and so the unknowns are x .y,
and = . Toapply the Euler's cquation (1) for inlerpretation
of gravity data is quite strightforward. A suitable square
window (3%3 or greater) of gridded data is required.
Therefore a3 * 3 window produces 9 lingar equations with
three  unknowns,  This overdetermingd system of lingar
equations can be solved by least square procedure. The
window mowves [o the arcas which conlain anomaly and (his
process will be rtepeated  for different N, A rejection
crifcrion (Thompson, 19823 based on ihe uoceriaintity ol
the solution, is established and the accepted solutions are
plotted on the (+ 3 plane. The solutions are rejected if the
standard deviation of the unknowns. evaluates from the
covariance malrix of the lingar sysiem is bigger thao say, 3
1o 15 percent of the calculated depth (Marson and Elingele,
19493y, Optimal choice of structural index cause the
clustering of the results in xy planc, The standard deviation
of the unknowns and clustering of solutions speed up the
interpretation process and at the same time to keep the
interpreter’s judgement. To use equation (1), the vertical
and horveontal denvatives should be computed, To compule
the horizontal derivative a five point Lagrangian
differentiation operator  (Abramowitz and Stegun, 1970) is
used,
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where for firsl order derivative  £15 1, and for Dve poants
operator, m is 3. The coefficients A, are presenied by

Abramowilz of al. (1970) in (he related (ables. Computing
the wverlical gradient the surface ground data continued to
0.100 meters, where the pgradient between the two levels is
believed to be constant, Then the gradient is computed by
sublrgoling (he (010 meter height data [rom the ground
surface data and dividing it by the heiglt difference. The
relation used for upwards continuation is based on Fourier
translorm method (Grant and West, 19651,
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where , (p.q) is the Fourer transform  of the data

#o (3, which is the Bougour or residaul anomaly at the

ground surface, p and q are the discrete frequencies and
gLy is the gravity data at heigh = where zis positive
downwards.

J.Numerical Results

To determine the coordinates of the pedurbing body
based on the EULDPH method, a computer code in Fortran
77 has been prepared. The input 1o the program is residusal
anomaly. Then the wertical gradient will be computed
through implementing  equation (3). Horizontal dervatives
from wvertical gradient are provided by using equation (2.
The Euler's equation is then used to locate the point
SOUICES.

The first data set which has been used is low-quality
gravity data from Nosrat Abad where we are surveving for
Choromit. The network of the measured points is shown
figure 1. Figure 2 shows the Bouguer anomaly map of the
area. The most probable area for existing Choromit is in the
west of the area as it has been shown on the figure 2 (black
color area) The residual anomalies have been computed by
the orthonormal method (Sarma and selvaraj, 1990) and the
results are shown in figure 3. In the figure the anomaly is
decleared clearly with magnitude more than 2.6mGal and in
the area between x= 30 to 60 and = 160} 1o 200. Then the
first vertical derivatives are computed by using eqn. (3) and
figure 4 represents the plan of the values. The black color
arca with the center about = 40 and y = 70 with the
amplitude more than Tm{al shows the position of the main
source. The second wvertical derivative plan [igure 3 shows
the same area as figure 4 with the amplitude about or more
than 24.6mGal. To consider the first and second vertical
derivative plans the center of the most probable arca for the
gxistance of the Choromit isabout x= 40 and v= 75 The
results of using EULDPH methed for determining the
location of the anomaly and its depth gre shown in figure 6
where the depths are also labled as the values clase o (he
points in meter. The depth solution for a single point was
rejected if the standard deviations of the three unknowns
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were bigger than 13 percent of the estimated depth. The
suitable stuctural index was found to be N = 2 by the (nal
and error and according to the clustering of the resulis. The
results of EULDPH representing the points of the anomaly
arc scatered in the area as it is shown in figure 6. A number
of Choromit lens can be distinguished by considering the
adjacent points.

Another survey is in the area where we are looking for
the hydrocarbon. The network of the measuring points are
shown in [igure 7. The Bouguer anomaly plan is presented
in figore 8 where the location of the anomaly i quile
obvious (the black color area in the west of the area) with
magnilude  less than —120mGal. The residual anomalics are
planned in figure 2 where the main perlurbing body is
decleared with the magnitude less (han —3mGal in the black
color area, To compuic the [rst vertical derivatives in
figure 10 the position of the main anomaly has been limiled
to  the smaller area with the center about 4= G600 and =
100y, The second wverlical derivative map (figure 11)
confirms the same arca as in figure 10 for existing the
anomaly., To consider the first and second wvertical
derivative plans a box has been sclected between = 6000
to 7000 and y=0 to 200 as the most proble area for existing

the anomaly. In this box some windows including 4=4

points in x and  ydirections have been determined and the
results  produced using EULTDPH method are shown in
figure 12. The average depth of the points shows that the
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Fimure 1: Netwark of the measured points.
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layer including the proble anomaly has a slim dip toward
the soulth as far as 160meter from the first profile of

_measurcments which has a good match with geological

observations. The structural index is found to be 3 by (rial
and error considering the best clustering of the results. The
criterion for rejecting was selected 15 percent of the
standard  deviations of the estimated depth. To test the
solution in this latler area. using some other quantitative
methods or difTerent geophysical methoads such as seismic
melhods seems to be neccssary.
4.Conclusion .
One can see from numerical results that the algoritm
works nicely. In the case of choromite exploration by low-
quality data we reached 1o accurate solution which is partly
approved by drilling in the arca. However in petroleum
cxploration, EULDPH can play a vital role in combination
with other quantitative interpretation methods even though
we arc investigating in a vasl area and with a complex
geology  structure  and  probably low-resolution data.
Considering the estimation of the location of the anomaly
some other metheds like analyviic signal (MNabighian, 1984)
can help the process of interpretation, especially in the case
of hydrocarbon investigation that the clustering of the
results and the depth solution is under question.
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Figure 2; Bouguer anomaly map of Nosrat Abad {mGal),
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Figure 3: Residual anomaly map of Nosrat Abad (mGal). Figure 4: First vertical denvalive map of
Mostal Abad (mGal),
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Fipure 5: Sccond verical derivative map o Fizure 6: Coordinates of the perturbing body in
MNosrat Abad (mGal). Mosrat Abad.
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Figure T: Network of the measured points. Figure 8: Bouguer anomaly map of Mard Abad (nGal).
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Fipure 9: Residual anomaly map of Mard Abad (mGal). Figure 10: First vertical derivative map of Mard Abad (mGal)
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Figure 11: Second vertical derivative map
af Mard Abad (mGal). Figure 12: Coordinates of the perfurbing body in Mard Abad,
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