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SUMMARY

Gravity anomalies have been calculated in normalised

. co-ordinates for-a two-dimensional, semj~infinite horizontal slab or wedge,
' bounded on one side by a sloping surface. This is a schematic equivalent
of geological features such as faults, monoclines, or the boundaries of
igneous intrusions if extended in length and width,

Curves are presented_iﬁ normalised co-grdingtes gnd aléo o
in bilogarithmic co-ordinates for slopes of 50, 10°, 15°, 30°, 45°, 60°, 75
and 900, and for ratios of depths of upper to' lower boundary of the slab

" of 0, 0.1, 0.2, 0.32, 0.5, and 0.8. If it is assumed that only one slope

and one density contrast are involved, it is shown that theoretically there
should be a unique solution in terms of dip angle and depth ratio; however,
the differences between the curves for depth ratios of '0.5 or greater are
small, and in practice a unique solution could not be obtained for these
cases, Also, geological ‘situations are generally more complex than these
assumptions, and solutions cannot be generally regarded as unique. However,
the curves should help in. devising first approximations to interpretation and
in deciding what departures from the ideal case are likely. :

- Parameters have been calculated and plotted to assist in
identification of dip angle and depth ratio. When these have been identified,
the actual dimensions, location, and density contrast of the structure can '
be obtained from a series of graphs, or in the case of the logarithmic
curves, by direct reading on the logarithmic co-ordinate scales,
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1. INTRODUCTION

S It is well known that, for geophy31cal measurements of

) ~physlcal quantities derived from potentlal functions, there is in general
no unique solution in terms of underground structure. However, in many
cases, other information leads to restrictions on the range of pOSSlble
solutlons and enables .a reasonable approximation to be made.

One approach commonly used in interpretation is to assume
. varlous simple geometrical shapes for the anomalous body and to calculate the
~ corresponding anomaly, which is compared with the observed curves. Sometimes
~ sets of standard curves are prepared, so that if the assumption is made that
the anomalous body has a given shape, a unique solution can be obtained by matching
,the observed anomaly against one of the standard curves,

i The simple shape assumed probably does not represent the
geologlcal reality accurately. Such interpretations are nevertheless useful
as a guide to the general possibilities and may place some limits on the
'solution. They may also suggest in what way the actual anomalous body departs
from the assumed shape. In general, for a first interpretation or where other
evidence is lacking, the simplest hypothesis that is geologically and physically
piau81ble should be tried as a first solution; complications should be
1ntroduced only insofar as there is evidence for them.

\
! The step-llke gravity anomaly generally associated with a
fault in which the gravity values change from one area of more or less.
unlform gravity values to another area of uniform but different gravity values,
the two areas being separated by a gradient of parallel contour lines, is one
that occurs commonly and is most readlly interpreted in general terms. The
usual first interpretation is by approximation to a thin horizontal semi-infinite
plate (e.g. Nettleton, 1942). However, this is inaccurate if the fault or
contact plane approaches the surface.

The next compllcatlons in thlS interpretation are to ascribe
finlte thickness to the anomalous. layer on one side of the contact pitane and
to ;permit ‘the contact plane to dip at.an angle other than vertical. The first
alters the shape of the gravity anomsly curve somewhat, but it remains
squetrical about the contact plane; the second leads to an asymmetrical curve.

i The formula for the gravity anomaly of a sloping contact is
given by Heiland (1946; p 153). Jung (1927) prepared a set of diagrams for -
determining the depth and dip of a.slope based on gravity gradients and -
curvatures as measured with a torsion balance. Chastenet de Géry and Naudy
(1957) have prepared logarithmic curves for interpreting a vertical fault of
flnlte thickness in terms of the .vertical gradient of gravity. '

In this paper, a series of gravity anomaly proflles is.
calculated for the general case of a sloping contact between two seml-lnflnlte
horizontal slabs of uniform den81ty contrast

Although the formulae for vertical gradient and second derivative
have certain advantages in interpretation, there are reasons for preferring a
comparison of the directly observed;quantities with theoretical curves.
Calculation of the derivatives is done by numerical procedures involving the
observatlons to a considerable distance from the point being considered, and
any small errors or irregularities in the observations are magnified by these
procedures, Although the derivatives, profiles, or contours may mske certain
information more obvious, the information is necessarily present in the original
observations, and no numerical manlpulatlon can make it any more reliable.

Some smoothing or ellmlnat1on of regional effects mey be necessary
before making a comparison with the standard curves; +this is discussed later.
Othierwise, the only treatment of observed data is the choice of calibration
factor and origin of co-ordinates to enable comparison with the standard curves,
and the scaling of ordinates from the plotted profile. :

i B
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The computations were programmed for the Ferranti Sirius
computer. Anomaly profiles were computed for various angles of dip and for
various depths to the top. of the slope, the depth to the bottom of the slope
being taken as unit distance. Parameters could then be scaled from the profiles
and used to identify the dip and depth of the anomalous body. Other dimensions
required for the complete solution are given in graphs.

2. THEORY

Let us consider first the case where the fault crops out
(Figure 1). Let the angle of dip be f (0<f< 1v /2 for a normsl fault;

Tr/2 <jZf < Tt for a reverse or overthrust fa.ult), and the depth to the
basement at the foot of the fault be z4: We shall calculate the anomaly at
the point P, which is taken as the o¥igin:-of co-ordinates x and z ( x positive
to the right, 2z positive downwards). The basement below depth z_ may be
ignored, as this contributes uniformly to the gravity field, .and the anomaly
due to the fault is the same as that due to the chisel-shaped layer A
(i = 1, 2, 3, 4) where A2 and A, are at infinity. Let the co-ordinates of Ay
be (x3, z;) and let the angle bgtween the x axis and the line PA; be O;. Le%
the angle between the x axis and AjA; ,q Ye fi, measured clockwise from the x
axis. The co-ordinates etc. of the points A; are given in tabular form below.

oA ¥

i Xl zi = B gj_ ¢:i.
1 d 0 7V (d negative) 0
) : 0 (d positive)
o 0 Y -
3 o Lo 0 0
4 d -z cot @ 2, arcot (d/zo-cot'¢) ™-4g-

The anomaly is obtained from the formula for an extended
body of polygonal cross-section given by Talwani, Worzel, and Landisman (1959).
The anomaly is given by

4
2£5r:k ;E% Yi

where vy éorresponds to Zi of Talwani et al (1oc. cit.), k is the gravitational
constant, and 42’4: the density contrast.

From Case C of Talwani et al,;

v, = 0
From Case E,
' v, =0
- From Case C, :
vy =‘§O(Q4-O3) =z arcqt;gd/zo - cot @)

For v,, we use the general expression, but Aj.4 becomes 44

4

instead of 45 in order’to complete the cyclic summation,:and'the.éisqf Talwani
et al becomes equal to 4. IR o

vy = d sin ¢4*bos ¢4 [ O;’-jéj | iiAJZ:: .
o0 & (tan &4 - tan )| | (4
cos 89 (tan 91 - tan g4) ;

t

+ tan ¢4 log, .

-
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3.
, The a.rgument of the 1oga.r1thm1c function can be put in a
more convenient form by substituting for @, and ¢4 from the -table. “We get

cos O (tan 94 + tan @)/tan § = sin 0 (cot @ + cot 94) L

It

d sn.n 94/z
(4/2, )[ 1+(a/2, - cot 92 ]

. To avoid separate dlscuss:Lon of the cases for d pocsitive and
negatlve, we may write 0, = H(-4d) 7Y, where H(y) is the Heaviside functlon,
defined as zero for y<O 'and 1 for ¥y >0. Then we have: -

It

‘ = H(-d)T7d sin @ cos @ - d sin @ cos @ arcot (d/z - cot ¢)

Ya
- 14 sin? ¢1og [zO/d)2 + (1 - zo cot ¢/d)]

The anomaly is then given by 2I;Af>vo, where

v, + Vv

; o. 3 4 ‘
_ ' H(-d)ﬂ‘d sin @ eos’f + (z - d sin ¢ cos @)

arcot (d/z, - cot

%d sin2 ¢ log, [(i /d)2 + (1 - & cot ¢/d)2]

v

(3)
which may also be written Do »V
' v, = H(- d)7l'd51n¢cos¢+(z-ds1n¢cos¢)9
. % a sin® ¢ log, (rz/dz), Y },ig- ...,,(4):
"wﬂefe B r= [Zo + (d - z, cot ¢) ]2' is. the dlsta.nce PA4 in F:Lgure 1° N

‘ As d becomes large pos:.tlvely, neglectlng second order terms,
; -8, - 0/(d - z_ cot §) '
and the second term in equation (3) approaches

(z -ds1n¢cos¢). . (z/d—31n¢cos¢)
-z cot @ . R 1 -.z cot g/a

—_— L. z, sin"¢ cos @

Further,

1'2/6.2 =1-2z cot @#/d + Zo cosec. ¢/d

and neglecting second-order terms, as d becomes la.rge, -
Log, (z /dz) —- 23 cot -9/

Thus the third term a.pproaches Lo . ) R
3z, cot ¢ sin’ 2¢ = z; cos @ sin @,

Therefore, Vo —? Oasd —) ' + oo . ' o -

. As 4 —» - 0o , the third term in equation (3) again
approaches zZ, cos ¢ sin ¢ The first two terms approach

. Z

AV s1n¢cos¢+(z -4 gin @ cos @) (TV+ d...z‘o cotﬁ)
. : )ﬂz-zosn.nﬁfmsfé °

Thus, vo—-) T‘Zo

= ‘f |
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. Let us now transform the co-ordinates such that A, is origin
and z, is taken as unit of length. Then the co-ordinate of P in ihe new
gystem is

1

D=-d/-zo . ......‘....('5)

i

s Let us further normalise the anomaly so that it ranges from
-1 (atD==-2>) t0+1(at D=+ o), Let the normalised snomaly be Gg.

e,
: S — . . oc-n.ooono(6)
;‘ ) v WZO : :

«:_=-H(D)24Dsin¢cos¢+(1+Dsi¥1,¢cos¢)29/7( ,
1+ D/fvein® § log, (R3/DP) - 1, - T (D)

‘

Ve

L N 2 ,%_ ,
where R = r/zo = [1+ (D + cot g) ] . | ;
and ¢ot © = = D - cot . I .

;; For a reverse slope (§>7T7/2), Figure 1 would apply if AP
was negative. The anomaly would be changed in sign from the normal case, and
no separate treatment is necessary. The curve is the reverse of that obtained
for TN - g, -

i Let us now consider the case where the slope does not reach
the surfage, but is truncated by a horizontal plane at dépth z, (Figure 2.)
(Note that z4 as defined here is different from zy = 0.0f the table on page 2.)
The anomaly may be considered as the difference between two outcropping wedges
Ay Ay A3 Ay and Aq Ap A5 Ag, with thicknesses zo.and ?:1'"" pegp’ective’ly.

. Prom equation (3), we see that’ Vo/%o ey be written as a
function of d/z, and ¢ only; from equation (6) this may be put in the form

' v/, =5/ [+ 08, 0/a)]
| -n/2[1+6 (g, D) ]
Similarly for the upper wedge,
| vy = e [ive, @, a/s)
Putting z1 = 2,/2_, this becomes
" v, '/2, = 2, /2 [1 + 6 (8, D/Zél

Tus, (v, = v,")/z, =m/2 [(1-2,) + ¢, (8, D) - 2, 6 (4, v/z,)

This ranges from GT/2 - 1) (1 - z,) to (/2 + 1) (1 - 2,)

Therefore, to obtain a normalised a.noiné.ly G with the same range as Go, divide
by (1 = Z1)I/2 and subtract 1, i.e. R

6@, 0, 2,) = % (% D) - 2,6 (4, D/z,) cerreeees (8)
1 (1 "Z1) i | ‘

sy Lo

L



5.

3. COMPUTATIONAL PROCEDURE °

The procedure used was to calcglate G, from equatlon (73 as
a functlon of D for various angles of dip ¢ , 109, 15 ’ 30° 45 , 607, 75
90 ‘
| Let us now write
b = D sin ¢ cos @.
w=% D ein® ¢ log (R2/D2)

and put equation (7) in the form
=2 {(u+ w)/T

For actual computation it is necessary to consider three cases.
The Ferranti Sirius computer always interprets inverse trigonometric functions
as an angle between -1\/2 and +1Q/2. In our notation, the range of © is from
O to 7V 3 4if D> - cot ¢, cot © is negative and will be interpreted by the
machine as ol=90- = S .

Case 1. DS -cot F, cot ©> 0
=(1+1b)6-1T7/2
Case 2. 0>D >3- cot g, cot 9(0

—(1+b) (8" ) 'n'/z /2 40" + b (77+ 87).
Case 3.  DDO, cot 6<0 ' s
~Ttb + (1 + 1) (9 +7V) -T/2 | . :
(1 +1b) 6! +7ﬂ/2 ' )

u

The programme must test}foi these three cases and calculate
u accordingly. E L%“ - N

\
: For depths to the top surface other than zero, G was
calculated for various values of z1 from equatlon (8)

o

In order to use equatlon (8), 1t is- necessany that G should
be calculated for corresponding values of D ‘and D/Z1.A This was: achleved by
using logarithmic increments in the values of D selected for computatlon of GO(D)
Z1 was then selected so that D/Z1 wag .an exact number of 1ncrements from D through--
out its range. The 1ncrement used was log1o (Dn + 1/D )'— 0 1, so that

Dy was put equal to + 0.01, and the calculatious were carrled out to 50 increments,
i.e. to D = + 1,000, Values of 24 were chosen so that o R ,

log,, (1/2,) = 0.1, 0. 3 0.5, 67 a.nd 1.0,

corresponding to

&N
l

= 0.7943, 0.5012, 6.3562, 0.1995, 0.1000
5 0.8, 0.5,0.32, 0.2, 0.1

Thus,the effective range of D was smallest for 24 = 0, 1, in which case it
was + 100, :



60

The curves for G as a function of D are plotted in Figures 3
and 4. In the limiting case, as Z4 — 1, the anomaly curve approaches that for
an infinitely thin sheet (Nettleton, 1940, p. '113). The normalised anomaly for
this case is
2 artan (D + cot @)

G, = T covnonnenel9)

This curve is the same shape for all values of ¢ and is symmetrical about
D= <« cot ¢, where Gq = O. Gq has been plotted with the other curves.

: One point of interest is that for a given value of ¢, all
~ the curves pass through the same point at D = 0. At this point, 94 =77 = ¢,
and from equation (7) it may be seen that .

G, =1 -2 8/ ceoesoooo.{(10)
It will be noticed that the curves have a sharper curvature

above the upper vertex of the fault than above the lower vertex., With a

reverse slope or overthrust fault, the sharper curvature occurs in the lower

part of the curve, and this is a guide to distinguishing the two cases, as has

been pointed out by Bott (1961) and Romberg (1958). As Z, increases, the

asymmetrical features diminish. Co

Another advantage of the logarithmic increments is that more.
values are calculated near the origin, where G changes more rapidly, than for
high values of D. Actually, for small angles of dip, the maximum gradient is-
displaced considerably from the origin, and the small starting value of D = .01
was necessary to accommodate this. ‘

The values of G were generally calculated for more points than
necessary (a) near the origin, where D increments were small, and (b) for large
values of D, where G —> + 1. As the main factor determining machine time was
the punching out of results, the programme was devised so that answers were '
printed out only when G increased numerically by 0.02 or more from the previous
value., Thus the first value of G to exceed 0.98 would be the last one printed
out. : . '

In order to facilitate direct interpretation of anomely curves,
it is necessary to work with parameters that can be determined from the curves
themselves, Im general, the location of the origin of co-ordinates ¢, %oy and z,
will be unknown, and the problem is to determine these from the observed curve.

Let the observed anomaly profile be g (x), where x is the hor-
izontal distance at right angles to the gravity contours, and g and x have
arbitrary datums. Let g tend to gp and g1 as x —> + <o (Pigure 2). -Then, by
putting
g (x) - (g, +g,)/2 - - 2 (x) - (g, + &)

(32 = g1)/2 - (32 - 81)

G' = _;@0000000000(11)

we get a function ranging from - 1 to + 1, similar to G (D) (see Figure 2).
We can determine graphically the values of x corresponding to various values
of G'; . let these be x (G'). We now transform the x co-ordinates so that

0 L x (G") - x (0)
X (61) = x (.5) - x (-.5)

R & F-) I



To .
4 The problem-is to find the relation between X and D, such
that G' (X) and G(D) are as close as possible. There is no simple algebraic
solution in general for equations (3) and (8) to determine D (G) for selected
values of G. Therefore the equations must be solved by numerical processes.

Solutions were obtained by an iterative interpoi&%ibn'procedure
for D (0), D (+ .5), D (+ .25), and D (+ .75), for each curve of G. Values
of X were then calculated as in equation (12):

"“f_(ei) - g%?;)"_DD(?Z 5y - soeeereene(13)

These were obtained for the solved values of X (+ .5), X (+ .25) and X (+ .75)
for use as parameters in direct solution. The solutions are plotted in Figure
5'as functions of @ for various values of Z. - Values of X were also calculated
for all values of D printed out, thus enabling anomaly curves to be drawn
normalised in terms of the curve parameters, for comparison with similar
normalised curves obtained by equations (115 and (12) from observed anomaly
curves. These curves G' (X) are plotted in Figures 6 to 13. They are also
plotted with logarithmic scales in Figures 14 to 21. As described later, the
co-ordinates of the logarithmic curves have been modified.,’

Further parameters calculated were

s (6)

X (6) - X (- c) - .‘ coeeeernnns(14)

T (G) g_(d) +X (#6) o veeneenesas(15)
giving S (.25), S (.75), T (.25), T (.5), and T (.75). Of course S (.5) is
1.0 by definition. L 4 .

: ‘ Of these, the T parameters are indications of asymmetry in the
curve, S (.25) indicates the gradient near the centre, and S (.75) the rate of
approach to the asymptotes in the outer parts. The S and T parameters. are
plotted as functions of @ for various values of Z4 in Figure 22. Contours
of equal values of'¢ and Zq have been plotted in Figure 23 using various pairs
of S and T parameters as co~ordinates. : ‘

: Other parsmeters required in the interpretation (see Figure 2)
were calculated as follows; B : e :

e

2 /%, = 1/ [b (¢5) - D (- ;5')]'E .;...;i..f.(16)
z./x, = Z,3/x e eeenieneaes
ljx: - (s, 3/;:)/2 x E:Z;
bz/x = (2 -2)/x, ' teeerernnnn(19)
| z, = (1'f.z1)/2 | | ) :
X - Z cot§+D(0) . Tevieraien.(20)

P D (.5)

iIn these equations, x, is the distance between the points at
which G' = + 0.5, as scaled from the observed curve. The suffix m refers to
co-ordinates of the mid-point of the slope. The functions defined by equations
(16) to (20). have been plotted in Figurés 24 and 25.
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4. INTERPRETATION PROCEDURE

The curve G from equation (8) is a function of @, Z¢, and
D only. The graphs of the S and T parameters (Figures 22 and 23) show that
appropriate pairs of these, if determined accurately enough, are sufficient
to determine @ and Z¢ completely. It follows that @ and Z, can also be
determined by matching the normalised observed curve against the theoretical

curves.

In practice, the interpreted results may be wrong because
of several factors, such as: : .

(a) The model may be too simple - i.e. the density
contrast may vary, or may occur across more than
one surface; the surface may be.curved or change
slope; the assumption of infinite extension of
the profile at right angles to the section line may
not be justified.

. (b) Gravity observations may not be accurate enough or
' they may be spaced too far apart.

(¢c) Other sources of gravity variations may be difficult
- to eliminate.

. If other information is available, e.g. geological mapping,
drilling, seismic or magnetic measurements, or density measurements of rock
samples, some of the parameters may be determined independently and the ,
interpretation improved accordingly. However, in the absence of such inform-
ation it is probably best to aim at the simplestinterpretation.

Several possible procedures will be described under the
following headings:

1. Use of S and T parameteré.

2. Matching of normalised curve.
3. Matching of logarithmic curve.
4. Special cases.

Whatever method is used, it will probably be necessary to
carry out some smoothing to eliminate local irregularities or to eliminate
regional trends. While various automatic methods of calculating residual
features are sometimes used, it is probably better for the interpreter to use
his judgement in smoothing, particularly if he suspects the nature of the
interfering sources. The residuals or regionals calculated by automatic
procedures are unlikely to correspond to anomalies traceable to real sources;
thus it might be misleading to make a quantitative interpretation of the
remaining anomaly. With smoothing by hand the danger is also present of course,
but it is easier to judge the inaccuracies in the discarded portion of the
anomaly, or fto vary the amount discarded and to check the effect of this on
the interpretation. .

Method 1 - Use of S and T parameters

Having drawn a suitably smoothed curve, it is first necessary
tc decide on the asymptotic values g and &o. This may be difficult if
disturbing anomalies exist near the fault; it can be seen from the curves in
Figures 6 to 21 that in some cases the asymptotic value is not approached
within a few percent until X is between about 5 and 10. A generouns allowance
should be made for the 'tailing off' part of the curve if it cannot be plotted
to considerable distances. We then take X = 0 at g = 4g. + gz), and scale off
x from equation (11) for G' =+ .5, + .25, + .75, and calculate the corresponding
values of X from equation (12). :



9.

. If the éurve appears to be symmetrical, the origin of the
X and G' co-ordinates may be chosen at the maximum gradient, or half-way
between points of equal curvature if gq and 8o cannot be determined accurately.

: The S and T parameters are then determined from equations (13),
(14), and (15). One of the nomograms in Figure 23 should be chosen such that
the S and T parameters give good resolution, and ¢ and 'Z4 should be determined
from the nearest curves passing this point, C '

It is obvious that for small values of T when S (,75) 2 2.4

" or S (.25) & .43 the resolution will be 'poor. If the S values depart substantially
from the above, it will be possible. to distinguish between a steeply dipping
(almost vertical) and comparatively shallow fault, e.g. when S (.75) > 2.4 and
8'2.253 < .43, and a deeper incline of small angle, e.g. when S (.75)< 2.4 and

S (.25) > .43. " ,

Having determined ¢ and Z1 from one pair of parameters, it is
wise to check that the other parameters are consistent with this interpretation.
This could be perhaps best done by checking the X values on the graphs in Figure
5. If there are any discrepancies, the X values would give the most direct
indication of the way in which the curve departs from a standard curve, leading
to suggestions for a change of co-ordinates, variation in the smoothing procedyre,
or an additional source of anomalies that might explain the departure. :

. Having arrived at satisfactory values of ¢ and Z4, we can
determine Zo/X19 21/x1, zm/x1, Z&z/x1, and X; from the graphs in Figures 24 and
25, The dimensions and location of the sloping boundary can be calculated .
by multiplying these quantities by Xq. L S

. As a further aid to interpretation, thé pdrtion offeééh_.
anomaly curve that is immediately above the s loping surface is drawn in a
heavier line in Figures 3 and 4 and Figures 6 to 21. Thus, the ends of the
heavy lines in Figures 6 to 12 give X, and Xy (Figure 2). For @ = 90°, of
course, Xy = Xp = O, and no heavy lines appear. o R

. The depsity’contfast may fhen be calculated from
) AP= (gz -g1)/27‘k AZ . ) A ?oooooooo(z‘])

Method 2 - Matching of normaliséd curves

The initial procedure is to fix the origin of the X and G
co-ordinates as in method1. Having done this, X and G' are calculated for all
observation points (or for the corresponding smoothed values) from equations
(11) and (12), and a curve is drawn.on the same scale as the standard curves.
This is¢matched to the best fitting standard curve, which will give values of
2, and ¢. - : A

As this involves fitting the curve throughout, it might give

" a better result than method 1, and would almost certainly give a better idea of
departures and their possible causes, particularly if these involved small changes
of origin or a systematic calibration-factor deviation. However, there is more
"work in drawing such a curve, and it might be best to use method 1 initially te
gain some idea of the parameters, and make adjustments if necessary before
drawing the curve. The curve-fitting would be a desirable check after using
method 1, ' ' '

Method 3 - Matching of logarithmic curves

Curves with double-logarithmic -scales ﬁave been used for fitting
many geophysically observed curves, e.g. in resistivity depth probing, gravity,
and vertical gradients of gravity (Chastenet de Géry and Naudy, 1957; Na.u.dy,1962)°
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The advantage is that the results can be plotted directly from the field
observations without change of unit; however, choice of origin is important.

In most cases where this method is used, the origin is obvious, but there are
difficulties in lccating it precisely in the present case. A small error in

origin may cause a large change in the appearance of the curve, particularly .
for small values of G' and X. For this reason, it may generally be tetter to

use the curves with linear co-ordinates as in method 2, unless the position

of the origin is fairly certain. ' .

However, because of the convenience of plotting the logarithmic
curves and because the parameters can be determined directly, in some cases it
may be worthwhile selecting several origin$ within the probable range of origins,
and trying to match the curves based on each of these.

First the position of the origin must be estimated as in
method 1 and the values of g, and x, subtracted from g and x respectively.
The logarithmic curves may then be plotted in units as measured, multiplied
by convenient powers of 10. The two branches of the curve (negative and positive)
must be plotted separately, as the origin (G'= 0, X=0) is at ~oo . For the
master curves (Figures 14 to 21), the branches have beer plotted on the same
co-ordinate system; for the negative branch the positive quantities -X and -G'
have been plotted. The observations should be plotted similzarly and laid over
the master curves until the pair of curves is found whose two branches best
fit the observations, The separation of the branches should fit as well as their
shapes. g and Z4 are obtained by identification of the best fitting curves.

The master curves were first plotted as X, G' curves, and they
were then displaced vertically by a distance of log x1/zo, and horizontally by
log AZ (see Figure 26)., Thus the co-ordinate scales in Figures 14 to 21 are .
(x - x,)/7, and G'A Z. The displaced "origins" (X = 1, G! =/0.1) are indicated
by crosses, Let O be the intersection of the axes (1,1)'on ihe master curve
adopted as best fitting the observations. Then, when the observations are
superimposed on the curve, the co-ordinates of O on the scale of the observations
are z, and (g, - gj)/zzxz (Figure26). (As some of the curves overlap substantially
in spite of tﬁe displacement of origin, in some cases alternate curves have
been plotted with a further vertical displacement corresponding to a factor of

10 for the sake of clarity).

From equation (21), the %atter'expression is the same as ST
Tk Z, Ap . We take k as 6.673 x 107° cgs units (Heiskanen and Vening Meinesz,
1958, p. 156). If z is measured in kilometres, g in m.1lligals, and @ ‘in g/cm3,
then we have 7Tk = 20,96, To get A o, we therefore need to divide the gbove
expression by 20.96 %Z,. This may be done in a mamner similar to a slide rule
calculation on a convenient vertical axis of the observations co-ordinate system.
To divide by 20.96, we measure a distance of log 20.96 below the origin of the
standard curve; to facilitate this, a mark is made at a point P (Figure 26)
on the unit vertical axis. of each set of standard curves, at GAZ = 1/20.96 = 0,0477.
The horizontal distance of P from the vertical axis through x - x. = 1 kilometre
is log 2z, (z_in kilometres). Thus a line drawn through P at 45° to the axes
will intersect the j-kilometre axis at a point log %, below P, and the co-ordinate
of this_point on the logarithmic milligal scale of observations will give zsfo
in g/cm3 (Figure24),
- a

Parallel lines-have also been drawn through points at GAZ =
3.281 x 0.0477 = 0.1565, and at GAZ = 0.6214 x 0.0477 = 0.02964; the intersections
of these with the vertical axes x - Xy = 1000 ft or 1 mile respectively will give -
Ap  in g/em3. Axes through decimal multiples or sub-multiples of these
distances can also readily be used to obtain Ao ; e.g., if the 1-kilometre,
45-deg£ee line cuts the axis x - Xg = 10" km at GAZ = p, then Zkf: is given
by 10™p,
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/ As with the linear curves, the portion of each logarithmic
master curve {(Figures:-14,.to 21) located above the sloping surface is drawn

in a heavier line. When the master curve is superimposed ocn the observations,
the ends of the heavy lines give Xg and xy (Figure 2) directly on the horizontal
distance scale of the observations (see Figure 26). With some curves, the ends
of the heavy lines are off scale; in these cases the points corresponding to

10 x5 and 10 xp, have been marked on the curves, .

Special cases

: " The vertical fault (g = 90°). This has been discussed by
Bancroft (1960). An exact analytical solution can be obtained for the maximum
gradient of G in terms of‘Z1.

In this case, equation (7) simplifids to
6, = (2/77) artan D + (D/TV) log _ (1 + 1/D%)

and equation (8) becomes

!
¢

. ' . )

: 2 D™ + 1

; G = m [arta.n D - Z, artan D/Z1 + 3D log (D2 . 2)]'

! : . 1 .

3 L d G _ 1 0% 4+ 1 e

! : U = ﬁ = ‘R'-(‘I_-Z_1) lOg e D2 . 2 2 . 0000000000(22)

i
iU is a maximum (Up) when D = O (Z1<: 1),y i.e,

U, = 2 log  (1/2,)/T(1-2,)

;,'.,’r»:r" oo;,...o-vc(23)

. Note that for z, = O, U, becomes infinitd, Thus for outcropping or nearly .
outcropping ver%ical faults, the gradient is very steep immediately over the:
‘ fault, as may be seen in the X; G curve for g.= 90°, 24 =0 (Figu:g 13)3. ‘

The outcroppiﬁg fault plane. If the outcrop cantﬁé”traééd~6n_
the surface, then we can obtain § from equations '(10) and (11): el

B (1-6) = #/T0 = 4 (167) - (g, - &)/(, = &), i 28)

i where g_ is the value of g (X) at the buférbp; an@fGé gﬁd G'g the corresponding
values of G and G', : . R . g

Note that this equation holds evén if Z, X 0, i.e. if the . v

effective density contrast does not reach the surface. %Vus the sum of the

. anomalies due to a series of density contrasts acrosg, the ?ame dipping plane -
‘would also obey equation (24). By taking the sum of -the:effect of a large . :
number of vexry thin plates, it can be shown that.equatibn’(24) holds for:a..

- density contrast that may vary continuously or discontinuously with depthy -
provided only that the density contrast in any horizontal band occurs acrqssy
the one sloping plane; or in other words, that density on either side of ‘the
sloping plane is a function of depth only. - o

If it cangpé assumed that the density contraet acress the
sloping plane is uniform, .afid. presumably extends .to the surface if the contact
can be mapped in outcrop, then Zq = 0, and the other parameters can be calculated
as before. B -

In this case, th_eré’"a're some restrictions on the form the curve
can take, and these can help in the interpretation, in checking whether a simple
slope can give an adequate interpretation.

1
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Parameters derived from other scurces. An estimate ofAZ
may sometimes be made from drilling or seismic work, orlhommy be known from
measurements of rock samples. In either case, the other ore can be calculated
from equation(21). Again, this information limits the possible curves and
enables a check to be made on the interpretation. '

In general, the parameters derived from any interpretation
should of course be checked against any other geological or geophysical
knowledge in the area and for their inherent reasonableness.

‘ Anomalies involving more than one slope. The anomaly curves
(Figures 3 and 4) can he used to build up profiles of bodies of more complicated
cross-section, involving sides with various slopes. A unique interpretation would
not generally be possible if more than one sloping surface is required to explain
the anomaly. If more than two or three’slopes are involved it would probably
be better to compute the anomaly for supposed profiles, either graphically or
by digital computer (e.g. Talwani et al, 1959)
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