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AnsTRACT The downward continuation method has been used to obtain a new ap-
proach for rapid gravity interpretation of Bouguer anomalies attributed to finite verti-
cal cylinder. The problem has been solved mathematically together with a theoretical
test. Accordingly, master curves have been prepared to facilitate the application of the
method. The procedure to calculate the depths to the upper and lower surfaces. mass
of unit length and radius of the causative body has been outlined. An interpreted
example of gravity anomaly of Kharga Oasis area, Western Desert of Egypt, is given.

One can determine a body’s attractive force (or a component of it) at any desired
point in space either by direct application of Newton’s law or by differentiation of
its potential field. The direct objective of gravity prospecting has one solution only
and is quite easily solved for different geometrical forms (Dobrin 1976). But, one
has also to solve the reverse problem to find the characteristics of the masses that
have the field anomaly. The problem does not always have a single solution. It is
not always possible to give exact formulae for its solution, and one usually has to
approach it by way of selection and successive approximation.

From a geological view point, an interesting case is that of a vertical cylinder
existing below the surface. This is often convenient form for computing gravity
anomalies from salt domes and volcanic plugs. A case of great practical interest is
that of a cylinder with its top buried at a given depth below the surface.

The method of continuation, mainly the upward, has been used for interpreting
gravity and magnetic anomalies caused by spherical bodies by Mohan et al. (1971)
followed by El Hussaini (1978) and El Hussaini and Abd El All (1983) who solved
the problem of the gravity anomalies due to infinite cylindrical masses and for the
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finite horizontal case, respectively. The solutions were obtained by using the down-
ward continuation technique. The present work is concerned with giving a suitable
solution of the reverse problem for the finite vertical cylinder, also by using the
same method.

The solution is derived mathematically and can be easily employed to deter-
mine the various parameters of the attractive body such as, depths to upper and
lower surfaces, mass of unit length and radius at known density contrast. This
approach gives a new and accurate treatment of calculations.

Theory

Many expressions have been derived for the vertical component of the gravity
field attributed to vertical cylinder of limit length, such as those given by Sazhina
and Grushinsky (1971), Telford et al. (1978) and Pedersen (1978). The.difference
between them is in the method of derivation and the included parameters. For
simplicity, the formula related to the first author has been used for the present
mathematical treatment.

The gravity effect at a point p(x,0) on the surface a distance x off the axis of
a vertical cylinder with lower and upper surfaces z, and z, below the surface,
respectively, is given according to Sazhina and Grushinsky (1971) by:

1 1
Bar= “[\/;fﬂ-;-‘ - \/x_2+—z%] .

where 1 is the mass of unit length, f is the universal gravitational constant. The
gravity effect vertically above the cylinder can be derived from equation (1) by
putting x = 0 and then:

1 1
=fil - - 2
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The downward continuation of the field at depth h below the plane of observation
is given by:

1 1
Bonw = MI:Z—— B 2 —h h} (3)

From equations (2) and (3) it can be concluded that:

Boofion = M@ =R _ 222 =h(tz)+h (@

A% 2\Z;
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Considering that z, = nz; where n > 1, then equation (4) leads to:

nz{ —z,h(n + 1) + h?

o.0/8on = nz (5)

h®  h(n+1)
S +1
nz nz,

(6)
Verification of the Obtained Formula
To verify relation (6), assume that the ratios g o/go, = a and gg /gy, = b for
two different levels h; and h, where h, > h, respectively, we get from equation (6)
the following relations
(a — Dnz? + hy(n + 1)z, — h} =0 (7)
(b = Dnz} + hy(n + 1)z, — hi = 0 (8)
Multiplying (7) and (b — 1) and (8) by (a — 1) and subtracting one gets:

hi(b— 1) — hi(a — 1) _

D o 1) - ha—1) ®

Multiplying (7) and h, and (8) by h, and subtracting one obtains:
,_ hihy(h,—h))

= = olite W g
" b~ 1)~ h(a— 1) i
where A and B are greater than zero.
Eliminating z, between (9) and (10) it leads to:
n’B+ n(2B — A’ + B =0 (11)

The solution of equation (11) is given by:

= 1 2 =Y
== 2
n ZB[A 2B+ AVA 4B}

[t is clear from the last relation that n is a real value only when A’ > 4B i.e. when:

(n+1)2>4n2}
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therefore (n — 1) > 0

ie.n>1
which confirms the hypothesis.
Also, from (9) and (10):

Bi(b — 1) - hia - 1)
hiha(h; = hy)

A—
= =

ie.—a+1>b—-1
thena + b <2

which is right because: 0 <b < a < 1.
The previous discussion illustrates that the mathematical derivation of the new
method is completely correct.

Preparation of Master Curves

Usually master curves facilitate the interpretation of practical data and are
more easier for application than the mathematical relations.

Accordingly, master curves corresponding to relation (5) after some modifica-
tions are prepared. Formula (5) can be written as:

2
8o0/on = 1 — (n - 1) h + % (E)

n Z, Z
1\ h 2
=1—(1+—)—+1(E) (12)
n/z, n\z

h
Substituting % = Eand 7= M in relation (12), where 0 < E < 1 and M > 0, it
1

leads to:
200/8n =1 — (1 + EY]M + EM? (13)
Master curves belonging to relation (13) are prepared for various values of E as a

function of n on semi logarithmic paper as shown in Fig. 1. The obtained calcula-
tions are given in Table 1.
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Fig. 1. Master curves for interpreting gravity anomaly due to finite vertical cylinder.

Table 1. Calculation of the obtained master curves for different values

of E.
£0.0/80,n
M E=01 | E=03 | E=05 | E=07 | E=09
0.05 0.995 0.936 0.928 0.917 0.905
0.10 0.891 0.870 0.855 0.837 0.819
0.20 0.784 0.757 0.720 0.688 0.656
0.30 0.679 0.637 0.595 0.553 0.511
0.40 0.576 0.528 0.480 0.432 0.384
0.50 0.475 0.425 0.375 0.325 0.275
0.60 0.376 0.328 0.280 0.232 0.164
0.70 0.279 0.237 0.195 0.153 0.111
0.80 0.184 0.153 0.120 0.088 0.056
0.90 0.091 0.075 0.055 0.037 0.019
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Technique and Method of Application

To calculate the different parameters of a finite vertical cylinder we follow the
following steps:

1. The gravity anomaly that may represent a vertical cylinder must be approx-
imately circular one to be suitable for interpretation by the new method. The
position of the zero base line must be estimated with as much as care as possible
to determine the maximum gravity effect g .

2. The values gyy,, 8on,» Bon, Which represent the downward continuation val-
ues at three different levels h, h, and h;, respectively, are calculated with the help
of any method such as that of Peters (1949), Constantinescu and Botezatu (1961)
or Roy (1966) and then the values (g o/80n,). (80.0/8.n,) and (go0/gn,) can be
directly computed.

3. Three horizontal lines on the master curves shown in Fig. 1 are drown at
the mentioned values.

h
4. The corresponding values of E(E = 1) and M( = Z—) are directly obtain-
n 1

ed. Therefore, it becomes easily to conform sets of differnt depths z; with their
corresponding E’s. It is done by multiplying the first set by the known value h,,
the second by h, and the third by h;. Then we obtain three sets of E and z,.

5. The relation between E and z, is plotted as shown in Fig. 4 for the inter-
preted example given in Fig. 3.

6. Theoretically, the relation between E and M for three hypothetical values
of gyo/gon is shown in Fig. 2. The representing curves are straight lines for all

1.0 |
\o \° \x (3)
§ 0.8
0.4
02} & \
0.0

00
M= h/z1

Fig. 2. Theoretical relation between E and M for gg¢/go, = 0.5 (1), 0.4 (2) and 0.3 (3).
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Fig. 3. Bouguer anomaly of Kharga Oasis area, Western Desert of Egypt.
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Fig. 4. Relation between E and z, for the interpreted anomaly given in Fig. 3.
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different levels below the surface. With the knowledge of the h values, the curves
representing the relation between E and z; can be easily drawn. These also will be
straight lines. The reciprocal of the slope of such lines is the depth of the lower
surface z,.

7. The intersection of these lines with the x-axis represents the summation of
the depth to the upper surface and the chosen h.

8. It is noticed that the different parameters can be calculated from one E —
z; curve. For more accurate results, it is better to apply the method to a number
of curves and the mean values are obtained.

Interpreted Example

A Bouguer anomaly of Kharga Oasis area, Western Desert of Egypt, has been
selected for application of the new method. This anomaly is approximately circular
and symmetric.

By using Constantinescu’s method (1961) the downward continuation values
are calculated at levels 1.0 and 2.0 km below the surface. goo = —4.75, gy, =
—8.80 and gy, = —11.47 m. gals, therefore gyo/go; = 0.54 and ggo/gp, = 0.41.
Drawing horizontal lines at these values on the master curves Fig. 1, the values of
E and M are then obtained for the two levels. The curves representing the relation
between E and z, are constructed according to the results obtained in Table 2, as
shown in Fig. 4.

The intersection of the lines with x-axis is denoted, by z;, = z; + the level of
continuation.

From the diagram for the level h =1

2.05 =12 +1 Therefore,z = 1.05 km

Table 2. The obtained results for the interpreted

example.
h=1km h =2km
E M Zy E M zZ;

0.9 0.27 3.70 0.9 0.37 5.26
0.7 0.30 3.33 0.7 0.43 4.65
0.5 0.34 2.94 0.5 0.47 4.25
0.3 0.39 2.56 0.3 0.53 3.83
0.1 0.44 2.27 0.1 0.57 3.51
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and for the level h = 2

325=12,+2
Z] = 1.25 km
Therefore, the mean value of z, = 1.15 km.
1/ 1 1
The slope of the E — z, line = LR S —, i.e. the reciprocal of the slope of
Z) n X Z) Zy

the E — z, line equals to the depth to the lower surface, therefore from the E —
z; line No. 1 (h = 1 km) z, = 3.57 km and from the E — z, line No. 2 (h = 2 km)
z, = 3.64 km. The mean value of z, = 3.61 km. The density contrast in this area
is calculated by Abd El All (1982) from the drill hole data as 0.42 g/cc. The mass
of unit length can be calculated from the formula:

4.75 x 1073
PP - =120 kg/km

The radius of the cylinder is given by:

1.2

R =VA/no =10 \/3'14 0.4 0.95 km

El-Hussaini et al. (1978) concluded that the Bouguer anomalies of the Kharga
Oasis area are mainly due to anomalous bodies laying within the basement rather
than bodies laying on the basement surface. The present results coincide with their
conclusion because the depth of the basement in this area ranges between 400-1000 m
as it is obtained from the hole drill data (El-Samni and El Kashef 1965).

Conclusion

The present method provides an accurate interpretation of gravity anomaly
over vertical finite cylinder by utilizing the downward continuation method. The
mathematical expression has been converted into a set of master curves to be easier
for interpretation. Procedure to obtain the various parameters (depths to upper
and lower surfaces, radius and mass of unit length) has been outlined, together with
an actual interpreted example.

Acknowledgement
The author wishes to express her thanks to Prof. Dr. A.S. El-Gammal, Depart-

ment of Physics, Faculty of Science, Assiut University, Egypt, for his continued in-
terest, encouragement throughout the work and going through the manuscript.




102 A. El Hussaini
References

Abd El All, E.M. (1982) Interpretation of Gravity Data of Kharga Oasis Area, Western De-
sert, Egypt, M.Sc. Thesis, Dept. of Geology, Assiut University, Egypt.

Constantinescu, L. and Botezatu, R. (1961) Contributii la interpretarea fizica a anomalier
cimpuriler potentiale, Probleme Geofiz. R.P.R.I1., L.

Dobrin, M.B. (1976) Introduction to Geophysical Prospecting, 3rd ed., McGraw-Hill Book
Co. 630 p.

El-Hussaini, A. (1978) Nomograms of interpreting gravity anomalies over spherical and
cylindrical bodies, Bull. Fac. Sci., Assiut Univ., 7 (2): 71-80.

El-Hussaini, A., Riad, S. and Abd EI All, E. (1978) Tectonic trends in the Kharga Oasis
area, Western Desert, Egypt, interpreted from gravity data, Bull. Fac. Sci., Assiut
Univ. 7 (3): 149-159.

El-Hussaini, A. and Abd El All, E. (1983) Nomograms of interpreting gravity anomalies
above a finite horizontal cylinder, Sci. Bull., Univ. Qattar (in press).

El Samni, A., and El Kashef, A.F. (1965) Ground Water Potentialities of the New Valley,
Report no. 1 of the Arab Technical Committee, Cairo, Egypt.

Mohan, V., Drolier, R.K., Singh, R. and Rathor, H.S. (1971) Interpretation of gravity and
magnetic anomalies caused due to spherical bodies, Pageoph 90 (7): 9-14.

Pedersen, L.B. (1978) A statistical analysis of potential fields using a vertical circular cylin-
der and dike, Geophysics 43: 943-953.

Peters, L.J. (1949) The direct approach to magnetic interpretation and its practical applica-
tion, Geophysics 14: 290-319.

Roy, A. (1966) The method of continuation in mining geophysical interpretation, Geoexplo-
ration 14: 65-81.

Sazhina, N. and Grushinsky, N. (1971) Gravity Prospecting, Mir Publ., U.S.S., Moscow,
491 p.

Telford, W.M., Geldart, L.P. and Keys, D.A. (1978) Applied Geophysics, Cambridge,
860 p.

(Received 19/06/1982;
in revised form 10/10/1983)




The Explicit Solution of Reverse Problem for Finite ...

Bl oY LSl USCadd el I S
Gl el 3 Jghall sagas L,
FREC]
sl 3l et Ae
o = byl dnale = ool LIS — Ly bl s

C.J_.J|J\_..4,Uo,u.\>4_m,\pdl.m.od| e Jeziy
Jslall 39u2 Zwl) Llslaosl e daldl L03U1 LulLd

PSS LR I AR S
o YLl Jaa il o, 1

JLS« 39e u.>u~‘ r..a.,U aalsdl ol l_J\ oot
s :
. QbL.‘.;L‘ J.:g....ﬂ 35t Ol

LU Gobadl g Lede J a5 A1 5, Ll
s



http:ulj-...AI
http:u~.:>L.JI

