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A theoretical study of second vertical derivatives
of gravity and magnetic anomalies shows that the width of
the derivatives at zero value is useful in determining
the width of two-dimensional tabular anomaly sources. The
width of the zero values of the second vertical derivative
increases with respect to the source width as the depth
and depth extent increases and the dip decreases.

Widths of vertical =wo-dimensional tabular sources
can be estimated if the dep:th and depth extent of the
source are known using general families of curves relating
true widths to observed widths as determined from the zero
values of second vertical derivatives of gravity and
vertical magnetic anomalies, 1In the gravity case if the
width of the vertical tabular source is greater than
approximately 4.5 times the depth, the zero values of
second vertical derivatives are in error by less than
10 percent for any depth extent in predicting the width
of the source. 1In the case of vertical magnetic anomalies,

if the width exceeds the depth to the source by 2.0 or



Michael M. Spurgat

more, the error in estimating width from second vertical
derivatives is less than 10 percent for any depth extent

of the source.
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CHAPTER I

INTRODUCTION

Second vertical derivatives of gravity and magnetic
fields have been used extensively for many years to enhance
anomalies characterized by high frequency components.
Another important property of second vertical derivatives
is their relationship to geologic boundaries of anomalous
sources. Vacquier and others (1951) have pointed out that
the zero curvature or second vertical derivative contour
of the total magnetic intensity closely approximates the
outline of the vertical prismatic magnetic anomaly sources
extending to great depths. Leney (1966) has used this
principle in estimating the width of a nearly vertical,
tabular magnetic ore body. Rudman and Blakely (1965) have
used the second vertical derivative of both gravity and
magnetic fields to outline the subsurface configuration
of a balsaltic plug intruded into a granitic basement in
Indiana. The delineation cf the outline of any anomaly
source is invaluable in the geophysical mapping of geologic
units and is useful as a starting point in defining the
anomaly source in the indirect method of interpreting

gravity and magnetic anomalies.



Despite this important property of second vertical
derivatives little study has been devoted to analysis of
the method's applicability and accuracy. In this investi-
gation, the relationship of the zero curvature values of
gravity and vertical magnetic intensity anomalies to the
width of a tabular, two-dimensicnal, dike-like source is
determined analytically over a wide range of source
parameters. - The tabular, two-dimensional, dike-like source
is considered because of its similarity to many geological
features and its relatively well-known anomaly field.

The study of the second vertical derivative of the vertical
magnetic intensity has been restricted to induced magneti-
zation in a vertical geomggnetic field, or the total
magnetic intensity in this special case.

In order to calculate theoretical values, it was
necessary to derive the eguations for the second vertical
derivative of gravity and vertical magnetic intensity of
two-dimensional vertical rectangular prisms. In addition,
equations were derived for second vertical derivatives of
two-dimensional polygonal-shaped prisms which can be used
to approximate the source of any two-dimensional gravity
and magnetic feature. Furthermore, a method based on the
least squares technique is described for calculating second
vertical derivatives from field data derived from two-

dimensional sources.



CHAPTER II

THE SECOND VERTICAL DERIVATIVE METHOD

Metaods of anproximating the second vart:ical
derivative of gravitv :nd rmagnetic fields wer= itroduced
into the geophysical industry in the early nincteea thirties
to aid in isolating economically interesting anomalies.
However, the first account of the method was not publisaed
until 1949 (Peters, 1949 znd Henderson and Zietz, 1949).
Subsequently, cther approaches to the calculation cf secord
vertical derivatives have bpeen propos=d (e.g.; Elkins,
1951; Rosenktach, 1953; and Henderson, 1960) and th2ir
relative merits discussed. TFuller (1967) has calculated
the frequency response of several c¢f the more cormen sccond
vertical derivative calculation methods utilizin«g tha
Fourier transform.

In general, the segond vertical derivative is
determined from orthcgonzl second horizental derivatiives

of the anomaly field (A) using LePlace's equation:

2 2 2
5 A 3°a 3°A
— = T (=t =) (1)
52 oX” 3y~



where X and Y are orthogonal coordinates on a horizontal
surface and Z is the vertical component. The second
horizontal derivative can be calculated directly from a
contour map of the anomaly field. Most methods utilize

a numerical method employing anomaly values at set radial
distances (r) from the point of calculation. The second
vertical derivative is calculated using an equation of
the general form:

52a
>

07

(W.C, + W.C, + W,C

0“0 15 2Cp ¥ o o o F W L) (2)

aNLe

where C0 is the value of the anomaly field at the point of
calculation; Cl, C2, - . . C are average anomaly values
of data points on rings 1, 2, . . , n; WO' wl, W2, .- Wn,
are weighting factors determined by the particular method
either theoretically or empirically; K is a numerical
coefficient; and r is the distance represented by the unit
grid spacing of the anomaly values (Fig. 1).

The choice of weighting factors, number of rings,
and the number of data points on each ring are a result
of extensive comparative tests on theoretical and field
data of various degrees of precision, frequencies, and
data intervals. The final product, a second vertical

derivative map, is only an approximation to the true second

vertical derivative.
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FIGURE l.--Example of template used in calculating

second vertical derivatives from gridded data.
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The second vertical derivative of gravity and
magnhetic anomalies has been used primarily to increase the
perceptibility of steep-gradient anomalies derived from
shallow sources. Romberg (1958) has pointed out that second
vertical derivatives decrease two powers faster with depth
than the original anomaly field. As a result second
vertical derivatives attenuate rapidly as the depth to
the source increases, thus increasing the perceptibility
of shallow source anomalies. An additional use of second
vertical derivatives is to aid in defining the boundaries
of the anomaly source. As noted perviously, the zero
second vertical derivative contour approaches the outline
of the upper surface of the anomaly source. This is
illustrated in the principel profile over a two-dimensional
anomalous source (Fig. 2). The relationship between the
distance between the zero cross-over points of the second
vertical derivative profile (AX) and the parameters of
tabular magnetic and gravity anomaly sources is the subject

of this investigation.
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Xl=Distance from the observation point to the near side of
the geological model.

X,=Distance from the observation point to the far side of
the geological model.

Zl=Depth to the top of the model.

ZZ=Depth to the bottom of the model.

T =Thickness of the model.

o =Dip of the model.

AX=Distance between cross-over points. The cross-over
point is defined as the point where the second vertical
derivative changes sign.

FIGURE 2.--Definition of parameters used for geo-
logical models and second vertical derivative calculations.

lAll second vertical derivative values given in the

text are in units of 10-10,

2For all gravitational sources a density of
1.0 gr./cc. was used, and for all magnetic sources a
susceptibility of 0.001 emu/cc and induced field of 0.58
oersteds was used.



CHAPTER III

THE GRAVITY CASE

The equation for the gravitational anomaly due

to a rectangular-shaped two-dimensional prism of density

contrast Ap as given by Heiland (1940) is

5 5

X§+Z§ xi+z§

Ag = 2YAD[X21n(;7:;7) -X; 1n(x2+22)

271 17°1

(3)
X X X X
+2,(tan ! 73 - tan-l—gi)-zj(tan 1 72 - tan™?! EL)]
2 2 - 1 1

where Ag is the calculated gravity anomaly, Y is the universal
gravitational constant, and the other parameters are as
defined in Figure 2. The first vertical derivative of

gravity as determined by takXing the derivative of equation 3
with respect to Z holding X constant is

2 tan—l Lo tan__l 2

Z 22 Zl

X X X
%%g = 2yAp[tan 12

N



Taking the partial derivative of equation 4 with respect to
Z we obtain the second vertical derivative of gravity of

a two-dimensional rectangular-shaped prism,

5%0g L ! 2 ! X
7 = ‘Y“"L,,z+ 2R e R e 221' (5)
32 afvzy  xgezs  Xirzs  xiezl

In order to ckiain a ncre general r=latioasiiip and
specifically to calculate the second vertical derivative
of dipping, two-dimensional, tabular bodies, we can consider
the mathematical expression for the gravity ancmaly cof a

two-dimensional prism of arbitrary cross-section (Grant

and West, 1965):

2 2
A Dy 4 Xo +2°
' A roa +
bg = 2v8e § R (3 1n( SR Rrly L
(6)
.X o _ X
(tan © R0t - can 1 _E)]
Al Z,
bad .
Where:
g+17 %y
ay = g3
Ko Zpe17%k
b _ XKZK+1-XK+12K
K - Z _Z
K+1 K

Ag is the calculated gravity anomaly, y is the
universal gravitational constant, Ap is the density differ-

ential between the anomalous source and the countrv rock,
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XK (k=1,2,3,4,. . .,N), XK+l K

(K=1,2,3,4,. . .,N), and ZK+l (K=1,2,3,4,. . .,N) are

(K=l,2'3’4'o . olN)I Z

horizontal and vertical distances respectively to the
intersection points of the straight lines defining the
shape of the source (see Fig. 3). The first vertical
derivative of gravity as determined by taking the deriva-
tive of equation 6 with respect to Z holding X constant
is:

2 2

Lg+1t2k+1

= 2yAp{[% ln('——i——f__) + ay
XK+ZK

|
N >

X =X bK

K “K+1
(—== 1} + {[
ZK+l+ZK 1+a

5] (7)
K

2 2
K+1—(XK+1+ZK+1)ZK
p 2 2
+ZK)(XK+1+ZK+1)

2
(X5+22) 2
[ (X

) + a

2
K
2 K

(Xg

K Xg+1
] - i i )]}.
+ZK XK+1+ZK+1

(

X

=N X

Taking the partial derivative of equation 7 with respect

to Z we obtain the second vertical derivative of gravity,
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FIGURE 3.--Cross-section of a two-dimensional
geological model representecd by an irregular-shaped polygon.
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2 X, ~X
289 = 2yapl{l (2 GEE)
02 l+aK K+l K
2,2 52
[((XK+ZK)Z 1 (XK+1 Zge1) %k Xk Xg+1
(x2+22) (x2, ,+22_ ) * aK(x2+zz) X2, +z2 !
K 2k k1T k41 K" “K K+1" “K+1
2 2
}+{[ ( (XK ) ZK (XK+1+ZK+1) ZK) +
2* 2 2 4k
(Xg+2 K)(XK+1 Zg+1)
Xy Xg+1 1 Xg~X +l
(g = ) I () (i} +
Xgtly  Xpo1=Zrep  ltap  CK+1TK
{[(1—-_?)] (8)
+a
[({[(x§+z )(XK+1 K+l)][(x +2 )+(xK+l z§+l)]}
[(X wZ )(XK+1 2'12<+1)]2
22) .2
'{[(X Zg) g™ ((K+l K+1)Z ]EZ(X )ZK+1+
2%, % 2X 2
2 K+1°K+1 K“K
2 (X * 1<+1)Z ]}) T oag ((x2 w22 42 (x2+zz)zﬂ}}
K+1" “K+1

The computer programs for calculating the second
vertical derivative of gravity according to equations 5 and

8 are given in Appendices A and B respectively.



CHAPTER IV

RESULTS OF GRAVITY MODELING

The horizontal distance between the zero second
vertical derivative values of gravity (AX of Fig. 2) were
calculated for a series of two-dimensional, vertical,
tabular bodies from equation 5. The direction of the
calculated profiles is perpendicular to the Y-axis along
which the source is assumed to extend infinitely. A
simple interation scheme was used to calculate the
horizontal position of the zero value of the second vertical
derivative from which AX can be computed. This interation
appears as a subroutine tc the computer programs in the
appendices. The horizontal positions were calculated to
a precision of 0.2 percent or less of the minimum distance
parameter of the geologic models.

The AX values were computed for models varying
from 500 to 10,000 units for depth to the top, width and
thickness, except for the special case of T/Zl=100 where
T was set equal to 100000 units. The results are presented
in Figure 4 with AX/Zl plotted against w/Zl where W is

the true width of the model and Z, is the depth to the

1

top of the source from the observation surface. The values

13
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of 80X and W are divided by Z, to generalize the results.

1
A family of curves is presented for values of T/Zl from
0.1 to 100. Error curves also have been plotted on
Figure 4 which show the percent error according to the
equation ((AX-W)/W) x 100.

A number of very important relationships between
the width, depth, and thickness of gravity anomaly sources
and AX can be observed frcm Figure 4. First, for any given

values of T, 2 and W, AX is always greater than W,

ll

except for the specific case of Z,=0 where AX equals W.

1
Secondly, as the ratio of W/Zl decreases, as, for example,
when the depth increases wnile the width remains constant,
the ratio of AX/Zl decreases, but the percent error rapidly
increases for all values of T/Zl' Thirdly, as the width
increases for a constant depth, the ratio of AX/Zl increases
and the error decreases for all values of T/Zl' The curves
asymptotically approach zero error as w/Zl increases toward
large values. Fourthly, with width and depth constant,
the error increases directly with the thickness of the
source, but at a diminishing rate as thickness increases.
The error difference between ratios of T/Zl of 10 and 100
are relatively small.

Utilizing the general relationships shown in
Figure 4, if AX of a vertical two-dimensional tabular body
is determined from a second vertical derivative of gravity

map or profile and Z, is known from geological or geo-

1

physical data, a range of widths of the causative body can
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be determined or the true width determined if the thickness
of the source is known. For example, if AX is found to be

2700 feet and Z, and T are estimated to be 1000 and 5000

1
feet respectively, the width of the body is 2000 feet.

As a general statement, if W/Zl is approximately 4.5 or
greater, AX will be in error by less than 10 percent,

for any ratio of T/Zl'

Plotted in Figure 4 is a curve of T/Zl=100‘ In
this case, the thickness of the source can be considered
essentially infinite. At great depths the mass of this
source has little influence on the observed gravitational
field, and therefore 1littlzs effect on the second vertical
derivative and AX. Thus, any value of T can be considered
essentially infinite when T/Zl>lO. This conclusion can
be verified by the following example. Assume the model
parameters are T=1000 feet, Zl=500 feet (T/Zl=20), and
W=500 feet. Using the T/Zl=lO curve of Figure 4, AX/Zl=2.20,
while for the T/Zl=lOO curve, AX/Zl=2.23. The difference
introduced in calculating AX by this slight variation in
AX/Zl is less than 1.5 percent. The actual value of
AX/Zl, for T/Zl=20 is 2.22 (not shown in Fig. 4).

The effect of dip of tabular bodies on the AX
of gravitational fields is illustrated for a few special
cases in Figure 5. 1In this figure the difference in the

AX of dipping tabular bodies (AXl) and vertical tabular

bodies (AXZ) is plotted against T for specific cases of
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anomaly sources dipping at 60° and 75°. Only a relatively
few data points have been calculated and, therefore, the
positions of the curves between data points as indicated
by dashed lines may be somewhat in error because of their
high curvature. Several conclusions can be reached from
this figure. First, AX increases as the dip decreases.
Second, the difference in the AX of dipping and vertical
tabular bodies increases rapidly as thickness of the
bodies increase up to thicknesses of approximately five
times the depth to the top of the source. For greater
thicknesses the difference in AX remains relatively
constant and for one case starts to decrease. Third,

the difference in the AX oI dipping and vertical tabular
bodies increases with increasing depth to the top and

decreasing width of the source.



CHAPTER V

THE MAGNETIC CASE

The equation for the vertical magnetic intensity
due to a rectangular-shaped two-dimensional prism of

susceptibility contrast Ak as given by Cook (1950) is:

X X X
- tan 1 fi - tan 1 7 + tan Eg) (9)
1 2 1 2

>~
—

AV:ZAkH(tan—l

N

where AV is the calculatec vertical magnetic intensity,

Ak is the susceptibility contrast, H is the Earth's
magnetic field, and the other parameters are as defined

in Figure 2. The first vertical derivative of the vertical
magnetic intensity as determined by taking the derivative

of equation 9 with respect to Z holding X constant is:

X X X X
g‘éz =20kl (= l2 - 2l 7~ T3 22 t 22 ) - (10)
Xl+Zl Xl+22 X2+Zl X2+22

Taking the partial derivative of equation 10 with
respect to Z we obtain the second vertical derivative of

magnetics of a two-dimensional rectangular-shaped prism,

19
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In order to obtain a more general relationship and
specifically to calculate the second vertical derivative
of dipping, two-dimensional, tabular bodies, we can consider
the mathematical expression for the vertical magnetic
intensity of a two-dimensional prism of arbitrary cross-

section (Grant and West, 1965):

2 2. 8 1
AV = 28kH \1-cos®Acos“I )} (——)
K=1 1l+a

{[(a sinB + cosB)XK_

2 2 2
[1n (1+ay) K+l+2aKbKZ<+l by _
2 2
(1+a k)z +2aKbKZK bK
2
(l+a.) 2
: =1 K’ “K+1
(agcosB - 51nB)XK]&an ( b + ay)
2
. (1+ay)z
~tan” (—p— + a) 1) (12)
K
where:
4 = Xxr1™ %k b = Xy Zre1 ¥k+1 2%k
= KK - _
Ko 2p417%¢ K Zg+17 %k
B = tan_l(tanI)
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where AV is the vertical magnetic intensity, Ak is the
susceptibility contrast between the anomalous source and
the country rock, H is the Earth's magnetic field, A is

the strike of the body, I is the inclination of the Earth's

magnetic field, and X, (K=1,2,3,. . ,N), X (k=1,2,3, .

K K+1
N), ZK+l (kK=1,2,3, . . ,N) are

horizontal and vertical distances respectively to the

N) , ZK (k=1,2,3,.

4

intersection points of the straight lines defining the
shape of the source (See Fig. 3). The first vertical
derivative of the vertical magnetic intensity as determined
by taking the derivative cf equation 12 with respect to

Z holding X constant is:

2 2 N
= 2AkH |/1l-cos“Acos“I ) e
K=1

9 AV

9z K

Ik Vg~ 1xk™k 1
(13)

b -C Z
(KK gux K+l g _ [(lit
bK K

)

b -c.,u 2
(2B S SN
bK

where:

_ X Xk+1

K+1 "K

0
1
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eK = aK sinf + cosf
gg = cosp - sinf
. 2 2
ig = UgZgepteagbypZy by
— 2 2
g = uKZK+2aKbKZK+bK
mK = 2(uKZK+aKbK+aKcKZK+chK)
u,,z
_ K "K+1 2
Sg = l+(——5——— + aK)
K
u., 2z
_ K™K 2
tK = 1+ 5 + aK)
K
_ 2
ug = (l+aK)
vg = 2(uphp qtagbytaycply thycy) .

Taking the partial derivative of equation 13 with
respect to Z we obtain the second vertical derivative of

the vertical magnetic intensity,

22av 2 2 N
—5— = 20kH Vl-cos Acos“I ) fe

32 x=1 K

[[JKVK(anK+mKVK_lKnK+mKVK)]+ (14)

T2
(1.3g)

(v, -1 ) m v _+j_n_) ]
K K TKTk! MRYKTIK"K 134




where:

{gK
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JKVK 1K™k
KIK

1
PR o

P k7Ck kZk+1 1
b K
K
b u -c_u.,Z
KK K K 1
( )1} - g {[(=—=—)
K
bKuK—cKuKZK+l 1
( ) ) ] L(I;g—)
bK K

(bf((cKuK)—(c U+ (E

K KUK Kk Zk+1)
)
by
(2bKCK) 1 bKuK-cKuK X
)1 - ) (XK
K b
K
bz(C u_)-(c,u_ )+
1 K ‘° K"K K K
+[ ( ) ( ,
I+t 1
K
(bKuK-CKuKZk)(ZbKCK))]}
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+
_ aKbK+uKZK+l uK
Py b

K

rey = "ay sinf + cosB
o= aKbK+uKZK+uK
K b °

K

The computer programs for calculating the second
vertical derivative of the vertical magnetic intensity
according to equations 11 and 14 are given in Appendices
C and D respectively. An inclination of 90° was used for
the models, therefore, the vertical magnetic intensity is

equal to the total magnetic intensity.



CHAPTER VI

RESULTS OF MAGNETIC MODELING

The horizdnfaL distance betwzen the zero secondi
vertical derivative of verticsl magnestic irtensity
(AX of Fig. 2) was calculated for the same series of
two-dimensional, vertical tabular bodies that was consid-
ered in the gravity case. Vertical magnetic polarization
of the anomaly sources was assumed. The results of these
calculations are prezented in Figure 6 in the san¢ manner
as the results of the agravity calculations are shown
in Figure 4. The single exception is that the T/Z,=10
curve is not plotted for the magnetic case because it is
nearly the same as the T/Zl:S curve.

Figure 6 mav bhe used in magnetic intewpr~tation
as Figure 4 can be uscd in gravity interpretation and in
general the conclusions reached from Figure 4 are applic-
able to the magnetic case considered here. However, thke
measured horizontal distence between the zero second
vertical derivatives cf vertical magnetic intensity is
more nearly equivalent toc the true width of the anomalr

source than AX in the gravity case. As a general state-

ment, if w/Zl is 2.0 or greater, AX will be in error by

25
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less than 10 percent for any value of T/Zl' Also the
effect of varying T is less in the magnetic case than
in gravity. For all practical purposes in this regard,
the source can be assumed to have an infinite thickness
if T/Zl>5.

As in gravity case, the effect of dip of the
anomaly source on AX was studied for a few special cases
in magnetics. The results of this study are shown in Figure
7 in an equivalent manner to the gravity case (Fig. 5).
Only a relatively few data points have been calculated
and, therefore, as in the gravity case, the position of
the curves between data pcints as indicated by dashed lines,
may be somewhat in error pecause of their high curvature.
The significant conclusionrs reached from a study of Figure 7
are the following. First, AX increases with decreasing dip
for any given set of body dimensions. Second, the difference
in AX of dipping and vertical tabular sources increases as
the depth increases and the width decreases all other
dimensions being equal. Third, the difference in AX of
dipping and vertical tabular bodies increases rapidly as
the thickness (T) of the source increases. The difference
in AX reaches a maximum and then gradually decreases. The
value of T at which the maximum occurs increases as the

depth to the top of the scurce increases.
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CHAPTER VII

A LEAST SQUARES SECOND VERTICAL

DERIVATIVE APPROXIMATION METHOD

The relationships previously determined in this
study are based on theoretical second vertical derivatives.
However, in actual practice second vertical derivatives
calculated from observed anomalies are only approximations
to the true or theoretical second vertical derivatives.
Therefore, conclusions based on the results previously
presented will be in error by an amount determined by the
accuracy of the method used to calculate the approximate
second vertical derivative.

Elkins (1951) and Swartz (1954) have outlined g
second vertical derivative procedure which is applicable to
two-dimensional gravity and magnetic anomalies. This method,
which is based on LaPlace's equation, utilizes an extra-
polation of the curve of “rz" versus the average anomaly at
a distance "r" from the calculation point to the zero value
of r. The curve can be approximated by the method of least
squares to determine the second vertical derivative.

The theory is developed in the following manner
assuming that the field data collected from a gravity or
magnetic survey obeys LaPlace's equation.

29
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LaPlace's eguation is,

A
ol G (13)
32 ox® 8y

where A is the observed anomaly. Equation 15 can be simpli-

fied to

3% 34a
5= - . (16)
Z 0 X

Q

if the anomaly is two-dimensional in the Y direction, i.e.,
82A/8Y2 is equal to zero. Referring to Figure 8 where c is
the anomaly value at the point of calculation cf the s<cond

vertical derivative, and b. and b2 are the ancmaly vclues

A

"

along the X direction at a distance "r" from ¢, the cecond

horizontal derivative parallel to the X axis is:
2 b_-c c-h b_+b, -2c¢

>z - ] = 3_ (17)
o X - r

P
>

Il R
—

)
substituting —32A/822 for 8"A/3X2 the approximate relation-
ship in equation 17 becomes exact as the distance r aprrcaches

zero, and thus:

2 2c-b,-b

3°A _ LIM 17°3 18)
3 Z 2 - r_> O —_rT_ . \

Utilizing a series of values at different distances

("r") from c, a least-syuares curve mcthod can b+ recdily
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FIGURE 8.--Grid for calculating a three dimensional
second vertical derivative.
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plotted as a function of r2, and shown fitted with a least
squares curve of degree twc.



applied to calculate 82A/BZ2 using equation 18. The
procedure consists of calculating the approximate second
vertical derivative values from profile data at various
values of r. An example is illustrated in Figure 9 where
82A/322 is plotted against the appropriate "r2" values. Next
a polynomial equation of degree N is fitted to the data pcints
using the least squares method. After solving fcr the
coefficients of the equation, "r" is set equal toc zero &and
the resulting equation is solved for 32A/822 according to
equation 18. The data points represent a smooth function,
therefore, a second degree equation (N=2) was chosen for the
analysis. A listing of the computer programs used for the
gravity and magnetic cases are given in Appencices E and

F respectively.

A theoretical gravity anomaly was calculaced for &
vertical tabular source and used to test the least squares
method of finding second vertical derivatives. 1ne tieou-
retical second vertical derivative was calculated for tre
vertical tabular source using the same set of parameters
(z

=1000 feet, W=1000 feet, and Z.,=100,000 feet).

1 2

The theoretical gravity and theoretical second
vertical derivative of gravity are presented in Table 1.
A varying number of data pcints were used in calculating the
approximate second vertical derivative. The "five point
method" implies that the center point and two adjacent
points, two on either side, were used in the calculation.
Columns 4 through 7 show the difference between the approxi-
mate and theoretical second vertical derivative four various

"point methods".
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TABLE l.--Difference hetween theoretical and approximate
second vertical derivatives of gravity of a vertlcal tapular
source using various approximation methods (r = 1/2 Zl).

(1)

(2)

(3) (4) (5) (6) (7)

1 12.112 - 1.570 0.000 +0.000 +0.000 +0.000
2 12.523 - 1.886 0.000 +0.000 +0.0%0 +9.601
3 12.977 - 2.297 0.000 +0.000 +0.000 +0.002
4 13.485 - 2.837 0.G00 +0.001 +0.002 +J.008
5 14.059 - 3.536 +0.002 +0.002 +0.0C7 =).022
6 14.716 - 4.381 -0.011 +0.003 +0.011 -0.005
7 15.474 - 5.113 -¢.038 -0.002 -0.053 -J.203
8 16.348 - 4.382 -0.043 -0.060 -0.159 ~J.177
9 17.313 + 2.689 -C.316 -0.099 -0.332 -J.871

10 18.188 +21.880 -0.005 -0.054 -0.144 -0.172

11 18.567 +35.011 +0.055 +0.194 +0.671 +1.1384

Absolute mean error = 3.043 0.038 0.130 0.254

Column (1) Station number (interval = 500 feet).

Column (2) Observed gravity anomaly (mgals) ovecr a vertical
tabular source. Station 1l 1s over the center
of the source.

Column (3) Theoretical second vertical derivative of gravity
in mgals/cm2 x 10710,

Column (4) Difference between the theoretical and apprcwi-
mate second vertical derivative using the five
point method.

Column (5) Same as (4) for the seven point mcthod.

Column (6) Same as (4) for the nine point method.

Column (7) Same as (4) for the eleven point method.
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2.--D

3.

ifference between theoretical and approximate

second vertical derivatives of gravity of a vertical tabular
using various data intervals for the five point method.

(1)

(2)

(3) (4) (5) (6)

1

10

11

12.112
12.523
12.977
13.485
14.059
14.716
15.474
16.348
17.313
18.188

18.567

Source Parameters: Z
Z2=100,000 units.

Column (1)

Column (2)

Column (3)

Column (4)

Column (5)

Column (6)

- 1.570 +0.000 +0.000
- 1.886 +0.000 +0.000 +0.001
- 2.297 +0.000 +0.000
- 2.837 +0.001 +0.000 -0.013
- 3.536 +0.001 +0.002
- 4.381 -0.001 -0.011 -0.239
- 5.113 -0.002 -0.038
- 4.382 -0.004 -0.043 +0.4566
+ 2.689 -0.021 -0.216
+21.880 +0.005 -0.005 +0.238
+35.011 +0.041 +0.055
l=lOOD units; W=1000 units; and
Station number finterval = 500 feet).

Observed gravity anomaly (mgals) over & vertical
tabular source. Station 11 is over the center
of the source.

Theoretical _seccnd_vertical derivative of gravity
in mgals/cm2 x 10710,

Difference between the theoretical and approxi-
mate second vertical derivative for r=1/4 Zl'

Same as (4) for r=1/2 Zl‘

Same as (4) for r=Zl.
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The average mean error was calculated to aid in
evaluating the various "point methods".

In the example given the "Seven point metliod" 4gave
the best overall results. However, in other cas=s deponding
on (1) the station spacing, (2) the noise within the data,
and (3) the frequency spectra of the anomalies; one of <he
other methods may be more suitable. Comparative tests on
the set of data being studied would be necessary in rniost
cases to determine wiiich method gave the best results. This
could be easily programmed as a simple input parameter.

A test was also made to determine the effect of the
data interval on the accuracy in calculating the second
vertical derivative of gravity of the same moedel used in
evaluating the various "point methods". Various data
intervals ("r") were chosen as a function of Z.,. 27 value of

1

r equal to 1/4 Z, gave the best results for the theoretical

1
case (see Table 2). However, field data may concain hijgh
frequency noise, therefore, the closest data int:rval chosen
would not necessarily give the best results. A compromise
between theoretical accuracy and the influence of the roise
within the data would have to be made in choosing the
optimum data interval.

The same procedure and anomaly source used to
evaluate the second vertical derivative of gravity was
applied to the magnetic case assuming vertical magnetic

polarization. Table 3 for magnetics is equivalent to Table 1

for gravity. The same general conclusions can be drawn for
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ifference between theoretical and approximate

second vertical derivatives of magnetics of a vertical

tabular source (r=1/2 Zy) .

(1) (2) (3) (4) (5) (6) (7)
1 3.35 - 10.824 + 0.008 - 0.001 - 0.004 - 0.017
2 4.36 - 16.095 + 0.016 - 0.002 - 0.011 - 0.0238
3 5.76 - 24,900 + 0.035 - 0.055 = 0.021L - €.0%8
4 7.75 - 40.354 + 0.079 - 0.007 - 0.011 - G.177
5 10.70 - 68.990 + 0.158 + 0.021 + 0.226 + 2.094
6 15.30 - 124.859 + 0.073 + 0.337 + 2.179 + 4.399
7 22,91 - 235.855 - 2.267 + 1.127 - 0.669 - 3.156
8 36.16 - 424.515 -11.032 - 7.167 =22.936 - 35.525
9 59.06 - 444.462 +26.095 + 7.070 +432.650 + 76.145

10 89.95 + 624.256 -10.871 - 6.852 =-20.7"5 - 30.0623

11 106.41 +1598.162 +48.049 +16.406 +64.54% +129.¢97

Absolute mean error = 8.97 4.20 13.11 25.60

Column (1) Station number (interval = 500 feet).

Column (2) Observed vertical magnetic intensity {ginmas!
over a vertical tabular source in a veriical
magnetic field. Station 11 is over the center
of the source.

Column (3) Theoretical seccend vertical derivative of magnetics
in gammas/cmZ x 10-10,

Column (4) Difference between the theoretical and approxi-
mate second vertical derivative for the five
point method.

Column (5) Same as (4) for the seven point method.

Column (6) Same as (4) for the nine point method.

Column (7) Same as (4) for the elven point method.
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TABLE 4.--Difference between theoretical and approximate

second vertical derivatives of magnetics of a vertical

tabular source using various data intervals for the five
point method.

(1) (2) (3) (4) (5) (6)

1 3.35 - 10.824 +0.000 + 0.008
2 4.36 - 16.095 +0.000 + 0.01¢ + .313
3 5.76 - 24.9¢C¢C +0.000 + 0.035
4 7.75 - 40.354 +0.004 + 0.079 + 1.381
5 10.70 - 68.990 +0.008 + 0.158
6 15.30 - 124.859 +0.006 + 0.073 - 9.002
7 22.91 - 235.855 -0.107 - 2.267
8 36.16 - 424.515 -0.836 -11.032 -25.199
9 59.06 - 444.452 +1.480 +26.095
10 89.95 + 624.256 -0.802 -10.871 -22.426
11 106.41 +1598.162 +2.769 +48.049

Source Parameters: 2Z.=1000 units; W=1000 units; and
Zz=lO0,000 unlits.

Column (1) Station number ({interval=500 feet).

Column (2) Observed vertical magnetic intensity (gammas) over
a vertical tabular source in a vertical madgnetic
field. Station 11 is over the center of the
source.

Column (3) Theoretical second vertical derivative of
magnetics in gammas/cm2 x 10-10,

Column (4) Difference between the theoretical and approwui-
mate second vertical derivative for r-1/4 Zyq -

Column (5) Same as (4) for r=1/2 Zl’

Column (6) Same as (4) for r=Zl.
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magnetics except that the magnitude of error is greater for
magnetics. This can be explained since the equivalent
magnetic anomaly is larger in magnitude and narrower in
width, thus containing sharper gradients. Table 4 for
magnetics is equivalent to Table 2 for gravity. The data
interval r=1/4 Zl gave the best results as in the couivalent
gravity case.

Observed magnetic data in general contains higher
frequency components than gravity data from the same s urces.
Thus, the selection of the best "point method" is more
critical for magnetics due to greater difficulty in separat-

ing noise from signal.



CHAPTER VIII

CONCLUSION

The distance bctween zero values of the wmecord
vertical derivative cf gravity and magnetic anomalics 13
useful as a guide to the width of two-dimensional tabular
sources. The accuracy of the zero value in defining the
width decreases as the true width decreases, the dcpth
extent increases, and the dip decreases for a given derth
to the source. The effect of these variations is to
increase the width as defined by the zero second vertical
derivative values over the true width. The error is greater
for gravity than for vertical magnetic intensity.

General family of curves relating true widths cf
vertical two-dimensional tabular bodies to observed widths
as determined from the zesro values of second vertical
derivatives of gravity and vertical magnetic intensity can
be used to estimate true widths providing the depth and depth
extent of the source are known. In any event, in the case
of gravity, if the width of the vertical tabular source is
greater than approximately 4.5 times the depth, the zero
values of second vertical derivatives are in error by less

than 10 percent for any depth extent in predicting the width

40
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of the source. In the case of magnetics, if the width
exceeds the depth to the source two-fold or more, the
error in estimating the width from second vertical deriva-
tives is less than 10 percent for any depth extent of
the source.

The least squares method of approximating the scecond
vertical derivatives of two-dimensional gravity and magnetic
anomalies is a viable method of approximating the true

second vertical derivative.
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AFPENDIX A
COMPUTER PROGRAM FOE CALCULATING THE THEORETICAL

SECOND VERTICAL DERIVATIVE OF GRAVITY
OVER A VERTICAL TABULAR MODEL
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'TXXZZEXXE RS RSN R AR RRRRR SRR S L2 EL R Y FY RS Y NPRERER Y]

PROGRAM FAR CALCULATING THp THEBRETICAL SECBND VERYICAL

‘DERIVATIVE 8F GRAVITY 8F A VERTICAL TABULAR S8BURCE

PRBGRAMMEND IN FORTRAN FBR A XDS SIGMA 5 (1/72)

IEZ2 X222 ZR2R AL R A RE RS RS RS R RSS2 2L R L LR FY ER R R IR FI PR TR R RP

T 2222 LR SLAL 2R SRR SRESRSRRRLS LA A RS RS FE R E F S RS R SRR R K J

DESCRIPTIAN B8F INPUT DATA:

CARD 1 (1I5)
LTAT=TATAL NUMBER B8F PRRFILES
CARD 2 (15)

JTRTsTATAL NUMBER 8F gSEBURCES PER PRBFILE
CARD 3 (2F10¢24215)
DELX=sSTATIAN SPACING
FB=X«COBOBRDINATE BF THE FIRST STATIOBN
MaTBYAL NUMBER B8F STAT!aNS PER PROFILE
. _NsNUMBER 8F CBBRDINATES PLUS BNE FEBR EACH SBURCE

CARDS 4ee>N  (2F1003)

X(1)sX=CAOBRDINATES BF THE SOURCE
2(1)s2«C3BRDINATES B8F YHE SBURCE

CARDS 4=«>N ARE REPEATED JTBT NUMBER BF TIMES
_.CARDS 2 THRBUGH 4==>N ARE REPEATED LTBY NUMBLR E£F TIMCS

XXX ESERERESFR YRR RS L LR SRS R R BR R R FE F RS g
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FAMMAN SECHERIVIS00) »FX(500) ,MsX(50),2(50)sN
READ (5.5) LTATY
S FARMAT (18)
DB 49 Ls=1,L70T
RFAD (8,7) JT87
7 FARMAT (15)
READ (5,9) DELX,FA,M,\
3 FARMAT (2F1Qe22215)
NA 47 Js),JrerT
WRITE (6211)
11 FARMAT ('1!')
WRITE (6213) L
13 FARMAT (//,50X%X,'RESULTS FHR PRAFILE NUMBER ',15,7//)
ne 15 t=l,M
Ris]
15 FX(])=F9=DELX+DELX#*R]
WRAITE (6217) J
17 FRRIIMAT (50X, 'CARRDINATES FAR RADY NUMBER 1,15,//)
WRITE (6219)
19 FORMAT (50X, 'X=COBORDINATE',6Xxs'Z=COORDINATE,//)
nA 25 1s1,N
READ (5,21) X(1)s2(1)
21 FARMAT (2F1De2)
WRITE (6023) X(1)aZ2(1)
23 FRARMAT (4AX,2F153)
25 CONTINUE
2132(1)
22s82(3)
1F (21) 2%,27+28%
27 21301
28 NA 30 Isi,M
X1sFX(I)=X(2)
X2sFX(1)eX(1)
CALC3=(X2/(21##2+X2%52))a(X1/(21uu2+¢X1nx2))
CALCUS(X1/(22%424X1%22))a(X2/(22822+X242))
SECDERIV(I)34e377E=06%(CALC3+CALCY)
37 CANTINUE
WRITE (6035)
35 FARMAT (///2,30Xs 11 ,8X,'FX(13'28Xsa"SFECAND DFRIVATIVE GRAVITY (2D 7
{1HICK NIKE CASE)'»/)
rR 39 Isi,M
WRTITE (6237) 1,FX(1)ySECDERIV(I)
37 FARMATY (27X, 14,F13e3122X0E13e5)
39 CANTINUE
CALL XINTERCT (XINTERCP)
WRITE (6241)
41 FARMAT (//,50X,"'THE CRESS=9VFR PBINT IS LACATED AT',/)
WRITE (6243) XINTERCP
43 FARMAT (60X, "'Xs',F10e3)
47 CANTIMUE )
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CaNTINyYE

STAP

FND i

SURRBUTINE XINTERCT (XINTERCP)

CAMMAY DERIVI500),FX(I500) ,N'JMRFR,X(50),2(50),N
xx1sx(1)

XX28X(?)

2132(1)

2232(3)

EX1sFX(1)

IF (DERIV(1)eLE«OD) ISET20

IF (DERIV(1)eGT40) 1SETs1

IF (21) 19,5,10

21301

FX1{eFX141,

X1sFX1=XX2

X23F X1 =XX{

XX1=X(1)

XX28X(2)
CALCI=(X2/(Z1##2¢X2%42) ) e (X1 /(21 wu2+X1%22))
CALCH=(X1/(Z22%%24X1##2) ) a(X2/(22442+XPuuD))
DERIVIs4e377E=06*(CALCI+CALCY)

IF (ISETeEQReOeANDDFRIVILLT.0! GA T8 10

IF (ISETeFEQel+sANDDER]IV14GT.0) GA T8 10
XINTERCPsEX1

RETURN

END



APPENDIX B
COMPUTER PROGRAM FOF. CALCULATING THE THEODRETICAL

SECOND VERTICAL DERIVATIVE OF GRAVITY
OVER A IRREGULAR-SHAPED POLYGON
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&ll!il!l.D!G.'il.i%li..ill'i{&’il!'lll{i}*.li*'&.l*{ﬂ”i'l&
PRAGRAM FAR CALCULATING THF THEBRETICAL SECBND VERTICAL
PERIVATIVE 8F GRAVITY BF A PRISMeSHAPED SPRURCE

PRAGRAMMED N FARTRAN FRR A X0OS SIGMA 5 (1/72)

I'Illllil.*li'll*'ﬂ{#lIG'*Q}&}%*#*'Q*{’#Q’{’Gl*.*'&&{"ll{i

{{“iil&l‘iil"*ll&lillll{i&i&*‘****’“'*ﬁi&'iil'{li{#l#iliid

NESCRIPTIAN ABF INPUT DATA:

CARD 1 (195)
LTRT=TRTAL NUMRER 8F PRAFILES
CARD 2 (15)

JTAT=TBTAL NUMRER aF SO6URCFS PER PRAFILE
CARD 3 (2F10¢2,215)
MzTBTAL NUMBER AF STATIANS PER PRAFILE
DELXsSTATIBN SPACING
FBxXeCRARDINATE AF THF FIRST STATION
NsMUMBER BF CBARDINATES PLUS BNE FBR EACH SBURCE
CARDS 4==>N (2F10.3)
X(1)sX«CABRNINATES BF TKE SPURCE
2(1)sZ«CRORDINATES PF THE SPURCE

CARDS 4=«>N ARE REPEATEN JTAT NUMRER @F TIVES
CARNS 2 THROUGH 4=«>N ARF REPEATED LTBY NUMBER BF TIMES

ll&ll#**!l&}“!i{l&!!lIllliﬂ*&”i”l.ll"’!‘&l*“l‘lli!l**ili
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CAMMBN SECNDERIV(SN0)2FX(SCO)»X(50)22(50)sXINTERCP(50)sMsNsLL

IMPLICIT NAUBLE PRECISIBN (AaHs0e2)

READ (5,5) L7187

FBRMAT (I5)

DR 49 L=1,LT6T

READ (5.7) JT°T7

FARMAT (15)

READ (5,9) DELX,F9,M,N

FARMAT (2F10¢2,2]5)

rB 47 J=1,J76T

WRITE (6211)

FRR]RMAT ('11')

WRITE (6513) L

FARMAT (//,50X,'RESULTS FBR PRAFILE NUMBER ',15,//7)
N9 15 =1,

Rls]

FX(1)2F9«NELX+DELX*RY

WRITE (6217) J

FPRMAT (50X, 'CHARDINATES FARR RADY NUMBER 1,15,//7)
WRITE (6219)

FARMAT (50X, 'XeCBARNINATE',4Xs 'Z«CBORDINATE?,//)
D8 25 1=1.,N

READ (5,21) X(D)aZ(1)

FARMAT (2F10+2)

WRITE (6223) X(1)s2(1)

FARMAT (46X,2F153)

CONTINUE

NNzNel

Ny 33 [=1,M

SECDER2=0

NA 31 Ks1,NN

X1eX(K)eFX(])

XP2sX(K+1)eFX(1)

221%2(K)

2182(«)

22232(K+1)

2232(K+}1)

IF (271-222) 29:27,29

722=222+¢00001

RRAL= (X 1422eX2%21)/(222-221)
Als(X2eX1)/(222=-221)
RIs(1/(1+A1#%2) )% ((X1eX2)/(222-221))

RS ((X1##2471%82)872)a((X2u82+7Pn%2)u]])

RIE (X1 #u2+21##2)#(X2%u2+22822)
ResAL#((X1/(X1#22+471%22))a( X2/ (X2n42472%22)))
CisBle((RB2/33)+34)

R ((X{##P+21%22)822)e((XPuu2+22442)al])

RO (X #%2+7 1 #%42)#(X2482+224#D)

R7EAL* ((X]/(X1982+471882))e(X2/ (X2%2#24712%8D)))
RRe(1/(1+A1n%2))#((X1eXP)/(222=-221))
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ROaBRi/(1+A1%s?2)
RIDJ® (X {##D+721 €22 )n(XPuuDe7DuuD)
RI13(X1#%2+4721%82) e (X2u%247Pun2)
R122((X1##2+71%22) w72 ) ((XPuu2+4Z22%u2)%21)
RI3s((X1#8P+21242)uPu72)+((X2#*2+72%42)%2471)
RIG2((X1#u2+21u22)u(X20u2422442))nu2 _ )
RISaA1#(((24X2#22)/((x2uu2422082)482) )a((28x1%21)/((X1#02¢210202)
1#2)))
r2s(((RS5/RE)+R7)I#RRYI+(RI#((((R10#R11)*(B12#R13))/R14)+715))
SECDERL=Ci+(C2
SECDER2=SECDER1+SFCNER2
31 CANTINUE
SECDERIV(])8s4e377F«068SECPER?
33 CANTINUE
WRITE (6235)
35 FARMAT (///+30Xs"' 1", 8%, 'FX(1)'28xa"SECOND DERIVATIVE GRAYITY (20 G
1ENERAL CASE) '»/)
ne 39 1si,M
WRITE (6237) T1,FX(1)sSECDERIV(])
37 FBRMAT (27X, 14,F13e3,22XsE1306)
39 CANTINUE
CALL XINTERCY
WRITE (6s41)
41 FARMAT (//,50X,'THE CRBSS=AVER PRINTS ARE LBCATED AT',/)
0A 45 T=1,LL
WRITE (6043) XINTERCP(I)
43 FARMAT (60X, 'Xs',F10.3)
45 COANTINUE
47 CBNTINUE
49 CONTINUE
gTaP
END
SUBRB!TINE XINTFRCY
cOMMBN DERIV(S00)sFX(500)2X(50)22(50)s XINTERCP(50),NUMRBER,NILL
IMPLICIT DBURLE PRECISIAN (AxHsBel)
LL30
NN-N.].
JJus1i
5 IF (DERIV(JI)) 727,15
7 08 13 1=1,NUMBRER
IF (NUMBEReJJ) 35,35,9
9 JJsJJ+!
IF (DFRIVIJJ)) 13,115,111
11 FX1*FX(JJde})
KKs]
LL=LL+!
GA T8 23
13 CONTINUE
15 N9 21 1=1,NUMBER
IF (NUMBEReJJ) 35.35,17
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19

el
e3

25
2?

29

31
33
34

35
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JJsJJ+1
1F (DERIV(JJ)) 19:19,21

eX1sFX(JJal)

KK®Q

LLesLL+1

G? 18 23

CANT INUE

EX1=FX1+1,

SECDERR2=0

N 29 Ksl,NN

X1sX(K)eFX1

X2sX(K+1)eFX]1

221=2(K)

2182(K)

72232(K+}1)

2232(«+1)

IF (271«222) 27425527

2228272+¢00001

RA1s(X1#22«X2*21)/(222=221)

Als(X2eX1)/(222«221)

RIs(1/(1+A1w%2))((X1eX2)/(722=221))

R28( (X1 ##2471#02)822)e((X2uup+l20%2)0nl1)

QIS (X #u2+21#%2) 0 (XP2u2+72un?)
R4sALe((X1/(X1#82+421%22))0(X2/(X2#%42+22422)))
C13B1#((B2/R3)+84)

RIS ( (X1 ##2421#82)u22)e((XOuu2+220%2)021)

RO (X1 #ul+21#%2) 8 (X2uu2422u42)
R73AL#((X1/(X1#82+421%22))e( X2/ (X2#%2472482)))
RRs(1/(1+A1#%2))8((X1eXP)/(222=221))

R9eBBR1/(1+A1#22)

RIOs (X1 ##247 1 %uD )8 (X247 uu2)
Rils(X1#®#2471 %82 )a(X2*#24242)

R128( (X1 ##2+21#82) 872 )a((XPex2+228%2)%71)
RI3s((X1#n2+21#02) 82872214 ((X2#%2+12%%2)02821)

RI48( (X1 ##2+21#22)#(X2#uDd¢22542) ) #a?2
RISEAL#(((24X2#72)/((x2nuz+2puw2)#02))a((20X1421)/((X1#424218%2)
1422)))
C2s(((RS5/R4)+R7)#BRI+(RIu(((¢t310#B11)=(B12#813))/814)+R15))
SECDER1sC1+C2

SECDER2sSECNDERI+SECNDER2

CONTINUE

DERIV1I=4e377E=NK#SECNER?

IF (Kk) 31,33,31
1F (DERIV1) 23,34,34
IF (DFRIV1) 34,34,23
XINTERCP(LL)®FXL
GR 19 5§

CONTINUE

RETURN

END



APPENDIX C
COMPUTER PROGRAM FOR CALCULATING THE THEORETICAL

SECOND VERTICAL DERIVATIVE OF MAGNETICS
OVER A VERTICAL TABULAR MODEL

54
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MEXZXEITEZEZREE L AREIZERER YIRS FRLLLELSALRL RS RS FEY R FRFIRERREEEYS
PRAGRAM FAR CALCULATING THF THEBRETICAL SECAND VERTICAL
DERIVATIVE 8F MAGNETICS AF A VERTICAL TABULAR SBURCE
PRYIGRAMMEN [N FARTRAM FAR A XDS SIGMA 5 (1/72)

FE XXX R R EZ RS RS RS RS PR R RS LR RLEZAZZZZE RY X FEETETRER X Y

T XXX SRR RS AR R SRS R R R R PR S AR RS RS ZR S 2SR R R R R LR

DESCRIPTIAN 8F INPUT DATAL

CARD 1 (15)
LTATsTATAL NJMRER 8F PRRARFILES
CARD 2 (1I9)

JTAT=TAaTAL NIJMRER BF S8UIRCES PER PROFILE

CARD 3 (2F1092,21523F10.2)
DELX=STATIAN SPACING
FOasXeCABRDINATE AF THF FIRST STATIBN
MsTATAL NUMBRER BF STATIANS PER PRAFILE
NeNUMBER BF CB9IRDINMATES PLUS BNE FBR EACH SBURCE
SUSsSUSCEPTIRILITY CANTRAST (EMU/CC)
ZINDUCED=MAGNITUNE BF THE EARTH'S REGIBNAL MAGNETIC
FIFLD (BERSTFDS)

CARDS 4e=>N (2F10.3)
X(1)sXeC3BRNDINATFS BF THFE SAURCE
Z(1)=22«C98RDINATES BF THE SOURCE

CARDS 4==>N ARE REPEATED _TAT NUMBER BF TIMES
CARDS 2 THRBUGH 4-=>N APE REPFATED LTOBT NUMBER B8F TIMES

FPE Y EY TR ST EFEEE RS ER SRS R R R YREELLLIL IS SRR RFERYYRR Y X S X2 1
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COMMAN SECDERIV (500),FX(500)»MsX(50)52(50),SUS, INCL,
12 INDUCEDAN,VERTMASG
REAL TINCL
READ (5,5) LT37
5 FARMAY (15)
D? 70 L=1,LT767
RFAD (S,7) JT87
7 FARMAT (15)
RFAD (85,9) DELX,F9,M,N,SUS,ZINDUCFED, INCL
9 FARMAT (2F10e2,215,3F10.2)
ng 10 1=1,M
17 £X(1)eF9=DELX+DELX#]
Ne 60 J=1,J707
WRITE (6220)
20 FRRIMAT ('1!')
WRITE (6022) L
22 FRARMAT (///,50X,'"RESULTS FRR PROFILE NUMBER',15,//7/)
WRITE (6224) SUSS,ZINDUCEDSINCL .

24 FARMAT (/,'SUSCEPTIRILITY=!',F7e¢4,10X,'INDUCED MAGNETIZAT]IANa!,
1F100221Xs"BERSTEDS' 510X, " INCLINATION BF THE MAGNETIC FIELD='s
1FSe2,1Xs "NEGREES'2/7/)

WRITE (6230) J
30 FARMAT (50X, 'CBARNINATES FA& R80Y NUMBER',15,//)
WRITE (6232)
32 FARMAT (50X, 'X=CBIRDINATE,6Xs 'ZwCOBRDINATEY,//)
N8 38 l=1,N
READ (5,34) X(1),2(1)
34 FRARMAT (2F10¢2)
WRITE (6236) X(1),2(1)
36 FORMAT (46X,2F153)
38 CONTINUE
RADANGLESINCL*eJ1745329
VERTMAG=Z INDUCEN#SIN(RANANGLE)
71=2(1)
7282(3)
IF (Z1) 45,40245
40 7212401
45 N9 50 Isi,M
X1sFX(I)eX(?2)
X2sFX(1)eX(1)
CALCI=(X18Z2)/(X1#e2472u02) 502
CALC2s (X1#Z1)/(X1#u2421wu2)un?
CALC3=(X2#21)/(X2##P+71%u)nu?
CALCY® (X2#Z2)/(X2##2472uuD)nu2 i
SECDERIVIT)sSUS#VFRTMAG#4e0356E02*(CALCl«CALC2+CALC3«CALCY)
50 CANTINUE )
WRITE (6s52)

52 FARMAT (///7,30X, 1" ,8X,'FX(1)'»8X,'SECOND DERIVATIVE MAGNETICS (22

1 THICK DIKE CASE)', /)
NA S4 1=1,M
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57
69

7°

15
20

57

WRITE (6,53) LyFX(1),SECDERTV(T)
FARMATY (27X;Ia:F13.3:22X,E13.6)
CoaNTINUE

CALL YINTERCT (XINTERCP)

WRITE (6256)

FARMAT (//450Xs'THE CRBSSeRVER PAINT IS LACATED AT', /)
WRITE (6457) XINTERCP

FARMATY (6OX)'XI')FIOQ3)

CANTINUE

CANT INUE

SYAP

£ND

SUBRB'ITINE XINTERCT (XINTERCP)

CIMMBN SECNER]V (500),FX¢509>oM;X(SO)oZ(SO)oSUSaIVCL:
LZINDUFCEDIN,VERTMAG

XX1sX (1)

XX2sX(P)

21=2(1)

2232(3)

FX1=2Fx(1)

1F (SFCOERIV(1)elFoen) ISETs0

1F (SECDERIV(1)eGTe)) ISETs1

IF (21) 20,15:20

21301

FX13FX1+1e

X1sFX1eXX2

X28FX1=XX1
CALC1=(X1*22)/¢X1"?+22*ﬁ2)“*2
CALC2=2(X1#21)/(X1%#247 152 )ua?
CALC3=(X2#Z21)/(X2%#247 1442 )uua?
CALC4=(X2u22)/(X2uu247240)uu?
OEQIV1-SUS*VEQYMAG'400356EOE'(CALCI-CALC2¢CALC3-CALC4)
IF (ISET.FQ.O.AMD.Dsval.LT.G) Ga 78 29
IF (ISEToEQ.IoANDoDEPIV1.GT.c) G8 T8 20
XINTERCPsFX]

RETURN

END



APPENDIX D
COMPUTER PROGRAM FOR CALCULATING THE THEORETICAL

SECOND VERTICAL DERIVATIVE OF MAGNETICS
OVER A IRREGULAR-SHAPED POLYGON

58
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IS XXX EETSZZZEI RS T PR RYRRR R R R R LA AR R R YR Y R EFTRRRRERER]

PRAGRAM FAR CALCULATING THE THFARETICAL SFCOND VERTICAL
DERIVATIVeE 9F MAGNETICS AF A PRISMaSHAPED SAURCE

PRAGRAMMEN [N FARTRAMN FAR A XNS SIGMA 5§ (1/72)

FIEEXEX TR L ER RS AR R XL R R RN R RRFR RS AL A AL AR SIS AR YRR SRR L X )

ITY YIRS ERRERFERERRRRRRRRPRY PR RRELEILALEILELINEFY R FEEYFRYRY YRR
NESCRIPTIAN BF INPUT DATA:

cARD 1 (15)
LTO9TsTRTAL NUMRER 8F PRAFILES

CARD 2 (15) .
JTAT=TATAL N MRER 9F SEBURCES PER PRAFILE

CARD 3 (2F10¢2,215,3F10.2)
DELX=STATIBN SPACING
FARxzX=CAORDINATE AF THE FIRST STATION
MesTATAL NUMRER BF STATIPNS PER PRBFILE
NsNUMBER 8F CBARDINATES PLUS BNE FBR EACH SOURCE
SUSESUSCEPTIRILITY CANTRAST (EMU/CC) ,
2I1NNDUCFD=MAGNITUDE BF THE FARTH'S REGIBGNAL MAGNETIC
F1cLD (BERSTEDS)

CARDS 4es>N (2F10.3)
‘X(1)eXaCABRDINATES BF THE SAURCE
7(1)s2.CRBRDINATES BAF THE SPAURCE

CAONS 4=«>N ARE REPEATER JT8T NUMRER gF TIMES
CARDS 2 THRA!GH 4eedN ARE RFPEATED LTBT NUMBER BF TIMES

MEEI X RRRES RS RN R RS SR NN LA RS RS R R RS R2 2SR YR X R R 2 2 X
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CAMMAN SECDERIV(500),FX(500),X(50)2Z¢(50)sSUS,STRIKE,
IXINTERCP(50)2BETA,BBR,ZINDUCEDs INCLAMAN,LL
IMPLICIT DAUBLE PRECISIAN (AeH,B8e2)
REAL TINCL
RFAD (5,5) LTOT
FARMAT (1%)
rA 70 Lsl,LT8Y
READ (5,7) J787
7 FARMAT (15)
READ (529) DELX2F3sMiN»SUS,ZINDUCEDS INCL,STRIKE
9 FARMAT (2F10¢2,215,4F1042)
ne 10 1=si,M
10 FX(1)sFO«DELX+DELX*]
IF (STRIKE)Y 17,15,17
158 QTRIKF=+00001
17 STRIKEsSTRIKE*e01745329
INCL=INCL*#e01745329
RETAsPATAN(DTAN(INCL)-DSIN(STRIKE))
NNENe |
R3R=DSART (1« ( (DCOS(STRIKE) Y w 2% (DCOS(INCL) ) #22))
STRIKE=STRIKE/Z 01745329
INCL=INCL/+¢01745329
ne 60 J=1,J78T7
WRITE (6220)
27 FARMAT ('11')
WRITE (6222) L
22 EORMAT (///,50X,'RESULTS Fes PRBFILE NUMBER',15,/7/)
WRITE (6224) SUS2ZINDUCED, INCL N
P4 FORMAT (/,'SUSCEPTIRI|ITY=',F7¢4,10X,"'INDUCED MAGNETIZATIONS!,
16102, 1Xs 'BERSTEDS ', 10X, VINCLINATION BF THE MAGNETIC FIELODs=s'»
165e2,1Xs "DESREESY, /7))
WRITE (6s26) STRIKE
26 FARMAT (50X, 'STRIKE PF THE BANDYaN',F8e2,1E',//)
WRITE (6230) J
30 FARMAT (50X, 'CBBRDINATES FAR RADY NUMRERY,Is5,//)
WRITE (6232)
32 FARMAT (50X, 'XeCBRRNINATE ' ,&Xs'2ZeCBORDINATE Y, //)
08 38 1=1,N
READ (5,34) X(1)p2(1)
34 FORMAT (2F1Qe2)
WRITE (6036) X(1)s2(1])
26 FARMAT (4eX,2F1503)
3R COANTINMUE
D8 51 Is1,M
NERIV2=0
ne 50 Kel NN
X1aX(K)=FX(1])
X2sX(K+])eFXx(])
221=72(K)
21s2(K)

n
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722372 (k+1)
2232 (x+1)
[F (271+272) 42,40,4?
490 222%272++01
42 Als(XP=X1)/(272+2171)
P1s(X1#22=-X2%71)/(222-221)
IF (B1) 46,44046
44 R1%400001
L6 HPE]+A]#8D
AAR]/H2
RRsA{#DSIN(RETA)+NCRS(RETA)
NOsAL#NCOS(IETA)eNSIN(BETA)
FRa((1+Alnu2)#22242)4 (2npAlaR1u22)+B1las?
G ((1+Alnu2) 27 1u82)4(2ualnR121)+Blus?
Hlis(X1eXx2)/(2722«221)
SNE((H2#22)/R1)+Al
SPs((HP#Z21)/Bl)+A1
Hds (2#728H2)+(2%A1#R1)+(25A1422%KH])*(2#B1aHY)
SI1a(Pw21#H2)+(24A1#R1)4(20a1a218H1)+(2%B1aMH])
SJs2#(H2+(2eAl el )eHIaa2)
QLs1+SN##?
SMs1+SPws2
N (GRaFF)a( ((GGuS )¢ (HH#ST) )= ((FFaSJ)+(STaHH)))
RRe((RG¥HH) e (FF#ST))# ((GG*HR)+(FF#ST))
G§S3e5+RB# (NY=RR)/ (GLR*FF)wxD
UUUSR] eZ24H1
VVV3R{eZ]#H]
UUs1/SL#(a2eH]{#2JL) /R #23
Was]/CMe(aPnk]®H22VYVV)/Rlea3
VVS ((HR#UUY) /Blea2) s (a2nSha (w2*UUU) /RL%2) /gL ¥ *2
XX ((H2#VVV)/Rleap) s (.28gPa (H2*VVV)/R1a%2)/cMee?
YYSDD* ((UJ+VV) e (WW+XX))
NERIVIzAA#(SSeYY)
NERIV2sDERIVI+DERTIV?
50 CANTINUE
SECDERIV(1)=220178E02#SUS#*2 1 NUCEN*RRR*CER]IV?
51 CANTIMUE
WRITE (6252)
52 FARMAT (///+30Xs' T s8Xxs'FX(1)'»8%s"'SECEND DERIVATIVE MAGNETICS (22
1 GENERAL CASE)',/)
DR 34 lel,M
WRITE (6453) 1,FX(1),SECDERIV(I])
53 FARMAT (27X, 14sF1363,22X0E1366)
54 CANTINUE
CALL XINTERCTY
WRITE (6256)
56 FORMAT (//,50X,'THE CRASS=AVER PBINTS ARE LACATED!,/)
DR 58 I=1,LL
VRITE (6257) XINTERCP(!)
57 FARMAT (692X, "'Xe!',F10.3)



62

58 CSNTIMUE
€0 COANTIMyE
70 CANTINUE
ST3P
END
SURRBUTINE XINTERCT
CAMMABN DERIVISO0N) »FX(500)sX(5D)22(50)2SUS,STRIKE,
IXINTERCP(S50)2RETA,BRR, ZINCUCER» INCLaNUMBERSN2LL
IMPLICIT DBUBLE PRECISIAN (AeH,B8e2)
REAL INCL
LL=O
NNsNed
JJs1
1F (DFERIV(JJ)) 747,13
ny 12 1s1,NUMRER
IF (NUMBEReJJ) 39,39,9
9 JJdsJJd+1
IF (DERIV(JJ)) 12211511
11 eXl=FX(JJe1)
KK=1
LLsLL+?
Ge 18 21
12 CANTINUE
13 DR 19 Is=1,NUMBER
1F (NiMBEReJJ) 39,39,15
15 JdsJdd+1
IF (DFRIV(JJ)) 17417519
17 FXIsFX(JJd=1)
K<ed
LLsLL+1
GR TR 21
19 CANTINUE
21 FX1sFX1+1,
DERIV2=)
ng 31 Kzl NN
x{eX(<)eFX1
YPaX(K+1)eFX1
22132(K)
21=2()
22232(K+1)
27w (x+1)
1F (271222) 25,23,75
23 2728772++01
25 Als(X2=XxX1)/(222-221)
Ris(X1#72«X2%21)/(272=221)
1F (R1) 29,27:29
27 P1200001
29 Hosl+Alen?
AAs]/HP
RRAsAL#NSIN(BETA)+NCRS(RETA)

NN



63

RO2AL#NCBS(IETA)eDSIN(RETA)Y
FRe((1+Alua2)u72822)+4(24A12R1#22)+Blun?
GR2((1+A aaD)*7{%8D)+(2uAlaR u]1)+Ble*p
Hi=(X1eX2)/(222-221)

g\s((H2#22)/B1)+A

QPs ((~H2#21)/B1)+A}

HH3 (D% 7281 )+ (20A %R )+ (25A 1 #22%H] )+ (P*BaHy)
SIE(2+21#M2)+(20Al#R1)+(2wpalaZ1nKl)*(2vBleH])
QJsC# (H2+(2wAl#Hl)eH]weD)

SLsi+CNeap

SMel+GPu#?

N (GR*#FF)#(( (G55 ))+ (HH#ST) )= ((FFeS )+ (ST#KMH)))
RRE((GGeHNH) = (FFuST) ) #((GGupuH)+(FF#S1))
SS=eS5#RR#(NIA=RR)/(GR*FF)#ap

UUU=R1eZ224H1

VVVER{=Z]#H]

Uzl /SL#(e2eH1#H25UJUU) /R %23
wWsl/SMe(e2aHln420yVV)/Rl*s3

vV ((H2#UDU)/R1##2) #(=28ShNa (H2#UUU) /Blunp) /S| #n?2
XX ((HPeVYV)/Blaa2) % (=2uSPu(H2#VVV)/Blxe2)/SMunp
YYsDD# ((UJ+VV)e (WW+XX))

NERIVIsAA#(SS=YY)

NERIV2=DERIVI+DERIV?

CANTINUE

NDERIV1=2e0178E02#SUS#Z INDUCFD*RBR*DERIV2

IF (KK) 33,35,33

IF (DERIVL)Y 21,37,37

IF (DERIVY) 37,37,21

YINTERCP(LL)=FX1

GR T8 5

CANT INUE

RETURN

END



APPENDIX E
COMPUTER PROGRAM FOR CALCULATING THE SECOND

VERTICAL DERIVATIVE OF THEORETICAL GRAVITY
USING THE LEAST SQUARES METHOD

64
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(222 R RS 2 A KSR AR AR R R R R LSRR LR 2R B R P PR JOA g g gogege

PRIGRAM FAR CALCULATING THE APPROXIMATE SpCBND VERTICAL
DERIVATIVE AF THEIRETICAL GRAVITY USING THE LEAST SQUARES
~¥ITHAN

FREGRAMMEND N FIRTRAM FAR A CDC 3600 CBMPUTER (12/66)

;0Ihbiil’&#*"&l*ﬁl&ll&l&'*l'lil&lll&*iﬂﬁu‘!*'l‘{*****5;{{

*&il}&ll“lii’*#lllb*lGi!dill#ll&l**’i'lli!'&ll“lillllilﬁ{i’
NFSCRIPTIAN BF [NPUT DATA:

rARD 1 (15)
LTAT=T/TAL NJUMBER 8F PRAFILES
CARD 2 (211042F10+2)
JTAT=TATAL NUMBER 3F SEURCES PFR PRBF]LE
MsTATAL NUMRBRER AF 3TAT]ReNg PER PRAFILF
DELXaSTATIAN SPACING
FRzX«-CRAARDINATE AF THF FIRST STATIBN
CARD 3 (1104F10e2)
N=NUMBFR BF CBARDINATES PLUS BNE FBR fpaCK SBURCF
RHASDENSITY CONTRAST (GR/CC)
CARDS 4==>N (2F10.3)
X(1)3X«CBBRDINATES BF TWF SBURCE
2(1)=2«CARBRDINATES RF THE SRAURCE

CARDS 4==>N ARF REPEATED JTOT NUMBER BF TIMES
CARDS 2 THRAUGH 4=<>N ARE REPEATED LTOT NUMBER 8F TIMES

I X EAZEE AR R AL LR RS R SRR NRLLLEL RS RS X R 'R RN Y JOR G v v graragregry
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'N5.38 12/08/66

PROGRAM DGNZ _ o -
COMMON/1/GRAV(500),FX(500),M, APPRDERC500).X(50),2(50),N,DELX,FO,
1RHO, THEODER(50N) ¢ NUMBODY , MM, NN
COMMON/2/ DUMMY(2011)
MME1 § NN=a2
READ3,LTOT
3 FORMAT(IS5)
DO 20 Js1,LTOT
PRINT 7
7 FORMAT (1H1)
PRINT 4,J B
4 FORMAT (///50X,+*RESULTS FOR PROFILE NUMBER®,15//7)
CALL APPRQX_
PRINT 11
11 FORMAT(1H1)Y
PRINT 12
12 FORMAT (5X,#]w,10X, #STATION®,10X,*GRAVITY ANOMALYw,10X,*APPROXIMAT
1E SECOND DFRIVATIVEe,10X,*THFORET]CAL SECOND DERIVATIVE®//)
. DO 13 I=s1,M S
13 THEQONER(!)=THENODER(1)*1E10
PRINT 15,(1.FXCI)sGRAV(]),APPRDER(I),THEODER( (), 134, M)
15 FORMAT (!6.8an1003:9XnF10.3023X.E13¢6026X:El3.6’
PUNCH 510, (GRAV(I),APPRDER(]),THEODER(]),]31,M)
510 FORMATY (6E13,6)
20 CONTINUE
END
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SUBROUTINE APPROX | o
COMMON/1/GRAV(500),DUMMY1(50Nn},M,APPRDER(500),DUMMY2(101),DELX,
1DUMMY3(505)
COMMON/2/DI/MMY&(931),VAL1(30),VAL2(30),DUMMY5(1020)
CALL GRAV2D
PRINT 5
5 FORMAT (1WH1)
MAXEMe?
DO 15 1=3,MAX
RAD =
[s]0] 10 K=1,?
RAD=RAD#DELX
VALL(K)S(RAD*3N,48)ew?2
CVAL2(K)IS(2¢GRAV(I)aGRAV(I=K)=GRAV({T+K))/VALLIK)
10 VAL2(K)SVAL2(K)*1E10
CALL LSTSQPOL (DER1TV)
APPRDER(1)=DER!Y
15 CONTINUE
END

IR
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]
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EXXX=X(1)-FX(K)
ZJEEE=Z(])~FLE
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SURROUTINE GRAV2D e
"COMMNN/1/GRAV(S00),FX(500),M, APPRDER(500),X(50),Z(50),N,DELX,FO,

1RHO, THEOLER(50N),JTOT,DUMMY1(2)

COMMON/2/ DUMMY2(2n11)

N IS THE WI/MBER OF BODY POINTS PLUS ONE
L IS THE INUEX FOR PROFILES L

J 1S THE INDEX FUR BODTES/PROFILE

M IS THE NUMBER OF STAT]ONS B
ELE 1S THE ELEVATION OF THF PROFILE

FO IS THE X CONRDINATE OF 94ST STATIJON
BODY COORDINATFS, STATION SPACING AND FQ MUST BE CONVERTED TO KFY

READ 12,JT0T,M,DELYX,FO
FORMAT (2110,2F10,2)
DO 15 1=1,M
GRAV([)=0.N § FXCI)S(FOeNELX)*CELX®|] € APPRDER([)s0,0
THEQPER(1)=0,0

DO 13 J=1,JT0T ,

READ 16,N,RHO0 § FLE=0,0
FORMAT (110,F10,2)

READ 20, (X(¢I)2ZC1)a121,N)
FORMAT(2F1N,3)

PUNCH 500,N,M,RHO,F0,DELX
FORMAT (2110,3F10,7)

PUNCH 505, <x<1).z<t).t 1, N)
FORMAT (10F8,0)

CALL CALCDER

PRINT 8,J ,
FORMAT(S50X,*COORDINATES FOR BODY NUMBERe*,1%//)
PRINTY © o o o o
FORMAT(50X, *X=COORDINATE®, X, *Z+COORDINATE//)
PRINT 14,(x(1),2(1Y,131,N)

FORMAT (49X,F15,3,2X,F15,3)

DO42n Ksy,M

SDEL7=0,0

I=1

RREEXXX*EXYX+ZEEE*7EEE
1F(EXXX)210,240,280
1F(ZEEE)220,230,23nN
THETR=ATANF (ZEFE/EXXX)=3,1415927
GO 10300

THETR3ATANF (ZECE/EXXX)*3,1415927

GO YO 300
IF(ZEEF)250,260,27n
THETR3«1,5707943

GO TO 300

THETP:O 0

GO TO 300
THETR=21,57n7963

GO TO 300
THETR=ATANF(ZEFE/ZEXXX)
1F(]=1)3001,3002,3n01 _



40?2
S 400

3n03
3n05

420
13

T TFUCHECK)Y 320,310,370

ZEE=Z7EEE

R=RR '

THETA=THETR
IF([-1)2051200|205

1s2

GO T0 205
CHECK=SFXX*7EEE=ZEEwEXXX

DELZ=0.0

OMEGA=THETA=THETB
IF(OMEGAY3201,3202,3202
IF(OMEGA»3,14159273330,330,340
1F(OMEGA*3,1415927)340,330,3%0
DTHETIOMEGA ‘ o
GO TO 370
1F(OMEGA)350,360.360
PTHETSOMEGA+6,2831853

GO TO 370
DTRETSOMEGA=6,2831853

AAAZ (EXXXeFXX)® (EXXXOEXX)
AAES(7EEE=ZFE)#(ZEEF-ZEE)
AsCHECK/(AAA+AA)

Bz (EXXX®FXX)*DTHET
1F(RR)371,371,403

c=0,0n

GO T0O 402

IF(RY371,371,4n1

CCCsRR/R

CC=,OGF(CCC) _
C=,5«(7EEE«ZEEY»CC
DELZ=A*(Re+C)
SDELZ2=SDEL7+DELZ’
IF(leN)3003,3005,3005

| ERES]

GO TO 3002

SuM 2,0040660N32«RHO*SDEL?
GRAV(K)SGRAV(K)+SUM
CONTINUE

CONTINUE

END

12/08/66
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SUBRNUTINE CALCDER
COMMON/1/GRAV(500),FX(500),M,DUMMY1(500),Xt50),Z2¢50),N,DELX»FO»RHU
1, THEODER(500),NUMMY2(3)

COMMON/Z2/ NUMMY3(2n11)

NNENel

DO 15 Isi,™

SEC DERZ2=0

DO 14 Kk=1,NN

X1eX(KYeF X)) $§ X2=sX(Kei)=FX(]) $ Z1=3Z2Z213L(K) % Z2=222=2(K+1)
IF(24-72)16,10,16

72=22+,01

RB1z(X1#%Z7Z7eX2¢27Z1)/(22<21)

Als(Xx2=X1)/(22-21) o
B1le(1/(1¢A1ww2)) e ((X1nX2)/(22*21))
R2B((X1we2471we2)n72)=((X20#2+72¢¢2)¢71)
BIB(X1we2+71wsD)w (X290 w2472¢%2)
BAZA1w((X1/(X1ee2+719w2))e(X2/ (X204 Z2¢77¢22)))

Clsgie((R2/B3)+B4)
BOE((X1aw24Z1ws2)w72)=((X2¢92+724%2)e71)
RO (X1lww2e71lwad) e (X202 20%?)
B72A1e((X1/7(X1%%2+71¢%w2))=(X2/(X22%2¢20%%2)))
R8E(1/(1eAa1*#2))e(tX1~X2)/(27-21))

B9=BR1/(1¢A1w%s2)

B10=(X1#w24Z1we2)a(X2¢42470092)
Bllza(X1e¢v2e73e%2)=(X2%%2+72%42)
Bl2z((X1ew2+7219w2)eZ22)e((X2en2472¢%2)x7])
B133((X1wwPe719e2)e2¢72)+((X72%02422%w2)@Qw71)
R14zs((X1vwDe71042)s(X2%w2472+42))eww?
B1S5=sAle(((2%X220Z22)/((X2%#24¢722¢2)9%2))e((2¢X1%721)/((X10w2¢7 on2)wn
12)))

C28(((B5/86)«B7)*BR)+(B9»((((B10*B11)~(B12+B13))/B14)+R15))

" SECDER1=C1+C?2

SECDER2=SERDERY+SERDER?
CONTINUE

SECDFRIV ~ 24,377Ee06#SECDER? #RHC
THEQDER(!)eTHEODERC [ ) +SECUERTV
_CONTINUE

END
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SUBROUTINE LSTSQPOL(DERIV)
COMMON/1/D/IIMMYY(2106),M,N
COMMON/2/A(30,30),R(30),MPY,X(30),Y(30),C(30,30),DUMMY2(120)
DO 30 Is31,w
3n C(l,1)=1,0
MPi=M+1
DO 35 Js2,MP1
DO 35 J31,N
35 C(1,J)=C(1,J=1)eX(1)
DO 4n 133,mpP1
DO 40 J=1,MP1
A(1,J)=0,0
DO 4n k=1,
40 A(T,J)sA(],d)+F (K, 1)*CK,J)
DO 45 I=1,MP1
B(l)=0,0
DO 45 K=1,N
45 B(1)xB(I)+0(K,T)eY(K)
CALL MATKIX
" PRINT 600,N,M
600 FORMAT (« NUMBFR OF GIVEN NAYA PCINTS=e,12,10X,90EGREE POLYNOMIALS=
1+,12)
PO 50 1s1,MP1
Il=zle1
50 PRINT B0C,!11,B¢]) N L
R00 FOWKMAT (5X,12,* DEGREE COEFFICIENTEw,E13.6)
DER]V=R(1)
END
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SUEROUTYNE MATRIX
COMMON/L1/ NUMMY1(2108)

12708766

COMMON/2/A(30,30),R(30),N ,DUMMY2(560),1PVOT(30), INDEX(30,2),

1PIVOT(20)

EQUJVALENCF(IRNW,JROW), (ICOL,JCOL)
DET=4,0C

DO 17 Jsi,M

[IPVOT(J)=0

DO 135 [=1,N ¥ Tsag

DO 9 J=l,N

IFCIPVOT(JY®1)13,9,13

DO 23 K=1,N

IF(IpVOT(K)'1)43021 81

IF(ARSF(T)=ABSF(A(J,K)))83,23,23
IKOwsed § ICOL=K § T=zA(J,*%)
CONTINUE

CONTINUE

IPVOT(ICOLYSIPVOT(ICOL)+1
IF(]ROWeICNLY73,109,73
DET:-DFT

DO 12 L=1,N

T=A(IROW, L)
ACIRNW,L)=ACICIOL,L)
ACICOoL,L)=T

T=R(IROW) $ R2(IRAWI=A(ICOLY. _§ B(ICOL)=T
INDEX(I,1)=IR0« § INDEX(1,2)=1COL
PIVOT(I)EAC]COL,ICOLY § DNET=DET*PIVOT(])

DO 205 L=1,N
ACICOL,L)=ACICNLALY/PIVOT(T)
BCICOL)SR(ICOLY/PIVOT(I])

DO 135 LI=y,N

IF(LI=ICOL)Y 21,135,211
T=A(LI,ICOL)

A(LI,ICOL)Y=0,0

DO 89 =i,
ACLT,LYSA(LI,LY=ACICOL,L)eY
B(L])=R(L1)=B(I1COLY#T

135

222

71 e59,4560,7» 4

549

3

81

CONTINUE

DO 3 J=1,N

LsN=Ted
TFCINDEX(L,1)«INDEY(L,2))219,3,19

 JROW=INDEX(L,1)

JCOL=INDEX(L,2)
DO 549 K=1i,N
TeA(K,JROWY $ A(K,JRDOWI=A(K, JCCL)
CONTINUE

CONTINUE

CONTINUE

END

UT ION STARTED AT 2224 =31

$

CACICOL.ICOL)=1.,0

A(K,JCOL)=T



APPENDIX F
COMPUTER PROGRAM FOR CALCULATING THE SECOND

VERTICAL DERIVATIVE OF THEORETICAL
MAGNETICS USING THE LEAST SQUARES METHOD
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M XXX EEZEEEFLEE R AR R RS FRRRR RRERZLL AL EAZR YRS R R R FR NP RERRRRR

PRIGRAM FAR CALCULATING THF APPRBXIMATE SECAND VERTICAL
NERIVATIVE BF THESRETICAL MAGNETICS USING THE LEAST SQUARES
METHAN

PRAGRAMMEN IN FSRTRAN FAR A CNC 3600 COMPUTER (1/67)

EXEXTEXTEERERLEAEZRESEERRRRY PR SRR 2R RS R RE FY R B FRPYEERRREEY

XY R Y A SR R R R R NS YRR S22 22 A2 R R XY R SR YRR R RR R Y X
NFSCRIPTIAN AF INPUT DATA:

CARD 1 (15)
LTATsTATAL MUMRER 8F PREFILES

CARD 2 (211022F10¢2)
JTRTaTATAL N{MRBER AF SBURCES PER PRAFILE
MaTATAL NUMBER B8F SYATIRNS PER PRABFILE
DELXsSTATIBN SPACING
FRsXaCARRDINATE BF THE FTRST STATIEN

CARD 3 (110s4F10.2)
NsNUMBER BF CB9RDINATES P US BNE FOR paCK SOBURCE
SUSsSUSCEPTISILITY CANTRAST (EMU/CC)
STRIKEsSTRIKE AF TWE SBURZE (PBSITIVE CLBCKWISE
(DFGREES) FRAM THE MAGNETIC NBRTH PALE)
DIPsINCLINATION AF THE FARTH'S REGIANAL MAGNETIC FIFLD
(PASITIVE DAWNWARD (DEGREES))
21" 1DUCED=MAGNITUDE BF THE FEARTH'S REGIANAL MAGNETIC
F1FLD (RERSTEDS)
INCL sINCLINATIOBN 9F THE FARTH'S REGIBNAL MAGNETYIC FIELD
(PASITIVE DAWNWARD (NEGREES))

CARDS 4=e>N (2F10.73)
X(1)sXeCARDINATES BF THE SPURCE
2(1)22-C38IDINATES BF THE SAURCE

CAPNS 4==>N ARE REPFATEN _TRT NUMRER BF TIMES
CARNS 2 THROUGH 4=«>N ARE REPEATED LTOBT NUMBER BF TIMES

PN XYY EZZEXYE AR Z RN RN YRR PR SR ELESEL RS R Y YRR FY FYFERERE YRR

R |

| o
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PRIGAN 'QDZ
COAMON/ZL/ZMAGESOC)Y,FX(500), M, APPRDER(5R0),X(S0),2(50),N,DELX,FDO,
1SUS,THFOT ER(S29) ,NUMRONY, MM ,AN,SIRIKE,NIP,72INDUCFD

COMMIN/Z27 DUMNMY(2311)

MM=? 3 Nh=?

READS,LT!T

FNRM2T(1%)

no 2f Js1,L 707

PRINT 7

FORMaT (1H1)

PRINT 4,0

FORMAT (///57%X,«~ESJLTS FOr PRCFILE NUMBFR#,15/7/77)

CALL APPFRDX

PRINT 11

FOIMLT(1H1)

PRINT 12

FOIMAT (SX,el»,10%, «STATION®,10X, «MAGNFYIC ANOMALY*,10X,«APPROY[MA
1TE SFCONT DERIVATIVE*, 10X, *THECRETICAL SECOND DERJVATIVEw//)
DO 14 1=4,™

THEQI ER(I)Y=THENDFR(IY#1E1D

PRINT 15, (1,FX(I)Y,7Z1AG(][),APPRTEN(]), THEODER(I),I=1,M)
FOSMoT ('6,8x,F1",3,9%X,F10.,3,23X»E13.6,26X,E13.6)

PYUNMCHE 517, (2MAG(1), APPRDERCL), THEODER(Y), [=1,M)

FOIMAT (6E13.6)

CONTINULE

FN)
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SURRNMUTIMNE APDROX
COMMON/L1/77MAG(S0N) , DLIMHYL(50N0) , M, APPRDFR(500), NUMMYZ(101),DELX,
1DUMMY S (Br &)
COYMIN/2/DUMIAY4(931),VALL(3)),VAL2(30),DUMMYS(1020)
CALL MAG:D

PRINT &

FORMAT (1H1)

MAX=! =3

NO 12 1=<,MAY

KAD =0

nog 17 wk=1,3

RAD=FANe! KL X

VALL(KY=S(RADIN ,4B) w2
VAL2(KY=(2«Z2Maii(T)=2MAG(Tl=K)=ZNMAL(T+K)YY/VA|L 1(K)
VAL2(®)=\VAL2(K)*1F10)

CALL LSTSR20OL (NERIV)

APFRIER(1)=DFKIV

CONTINLE

END
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SUSROUTIAE MAR?)D
COAMON/ZL/ZMAGES00) ,FX(S500) 4, APPRDER(SA0) ,X(50),2(5U),N,DELX,FN,
1SUS, THEOTER(SDN) ,JTIT,TUMMY1(2),>TRIKE,DIP,ZINDUCED
CO“MONY/2/7 TUMMY2(2Nn11)

READ 12,JT0T,M,DFLX,FO

FORMAT (Z110,2F1n0.2)

"0 6 l1=1,M

APPRIER(T)=0,0

FXCI)=FN=DFLX+DEL Y]

nn 13 J=1,J47N07

READ 1A, ,SUS,STRIXE,DIP,ZIN[JUCED $ FLE=0.N
FO=MIT (11N0,4F103,2)

READ 20, (X(l)Y,7¢Iy),1=1,N)

FO~MAT(2+10,3)

PUNCH S0r,N,M,F0O,DELX,5US,STKIKE,DIP,ZINNDUCED
FOQRMLT (215,6F10.4)

PUNCY 503, (X(1),7(1),1=1,N)

FOXMAT (10FB,N)

PRINT R,u

FORIMET(S5rX,#«CDORNDINATES FOR BOTY NUMRBERw,15//)
PRINT 9

FORMLT (50X, #X=COQRIDINATEY,6X,«Z-CO0RNDINATES//)
DRINY 14:(X(’))Z(I)31=15N)

FORMAT (49X,F15,3,2X,F15,3)

PRINT %,SUS,7InDUCED,DIP

FO<IMAT (& SUSCEPTIRBILITY=w,F7,4,10X,«[NDUCFD MAGNETIZATION=#,F10.2
1,12, «INCLINATION OF THE MAGAETIC FJELN=*,F5,2,1X,«DFEGREES*//)
PRINT 15,STRIKF

FOIMAT (» STRIXE NOF THE BOUY=N#,F5,2,%«Fwx//)
IF(STRIKEY10,19

STNIvE=,rNN01

STRIE=STRIKFe«,01745329 $ DIF=L][P*,0N4745329

CALL CALCDER

RETA=ZATAMNF(TANF(DIP)/SINF(STRIKE))

NN=N=1 ¢ HBRK=SOURTF(1-((COSF(STRIKE))«*2«(COSF(NIP))*w2))
no 1% I=1,m

7I9TEND?=T

N0 14 Kz, ,NN

X12X(K)aFX(]) $ X2=x(K+1)=FX(]) § 7Z1=71=Z(K) % 772=722=72(k+1)
1F(273<-272)15,17,16

77222772+, 01

A1s(x2=X1)/(7727=721)

R{s(Y1%722=-X2*«/1)/(722-711)

IF(B1)38,3A

918.1101

H2=1+A1#e¢2 § AAz=1/h2

RBTA1#S[MNF(BFTA)+COSF (RETA)
DD=A1«COSF(BETA)=SINF(BETA)
FF2((1+A1#%2)e72%»42)+(2+A1*B1%72)«B1sx?
GGS((1+A1#42)a71+42)+(2#h1*B1w7]1)+B1leeD
HH=ES(RTF(FF/GG)

IF(H»)40n,4n,42

HH=1

CC=LUGF (=H)

SN=((H2#72)/R1)+21 & SP=((H2«71)/B1)«Atl
FE=ATAMF(SN)=ATAMNF (SP)
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7INTHEFN1se A« ((RRaCCI=(DNN2EE))

ZINTEN2=27 INTENT+ZINTEN?
14 COVTINUE

7MAG(T) =2?7E5+SUSZINDUCED*RBRR#ZINTEND
15 CONTINUE
1% CONTINIE

Enu

u‘“
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SURRCUTIME CALCDFR
COMMIN/L/ZMAGESUN)Y,FX(500),M, 5LMMYL(50A),X(50),2(50),N,DELX,FO,SUS
1,THETDERHN(0) ,NUMN 1Y 2(3),STRIFE,DIP,ZINPUCEN
COYMIN/2/7 NUMMY3(2011)
RETAZATANF(TANF (T IP)Y/SINE (STRIKE))
AN=N-1 ) HE=SORTF(1-((CUSF(STRIKE))we2 e (CNSF(DIP))we2))
Ny 1= I=1,m
DE~IV2=n
ho 14 K:"I,Mr\'
X1=X(K)=FX (1) $+ X2=x(K+1)-FX{]) ¢ 771=71=Z2(K) ¢ 772=72=7(K+1)
TF(Z2/71=272)1¢/,17,156
17 722=772+,01
18 A1=(Y2=X1)/(777=721)
H1E(x1eZ2,=X7*71)/(272-7121)
IF (13Y27,71
21 R1=,11
22 H2=1+A1wey Ly AA=1/H2
RB=A1T#S [ F(EFTA)+COSFE(RETA)
NL=AY»COCF(BETA)=SINF(RETA)
FES((1+4A1«x2)»/2%22)+(2¢A1*B1272)+B1#x?
GG=((1+A 1 #%2)x71%w2 )+ (2¢A1*R1¢7])+R1ww>
H1=(M1=X2)/(7772=721)
SNS((HY272)/R1Y+21 3 SF=((F?7«21)/B1)«+A1
HHE (72729 R2)+(ZwlleB] )+ (20A1x72e¢H]1)e (2RI K1)
SIS(7*712KH2)+(P2%A1+R]1)+(20A1*71eH]1 )+ (P2+B1¢KHT)
QU2 (L2 (2*»t12HY)eHI*22)
SL=1+Stwsy 3 SMz1eSPee?
NAS(.GeFEY* (RGeS Y)+(HH*STI)=((FF«SU)+(STeHH)Y))
RRE((GGerEY = (FFaST))*# ((GGeHR)+(FFr«S]))
RSz, hakRRe (NU=KRR)/(GH*FF)*e?
Hiliz=1=2z«H1 4 VVVzB1=-71+*H1
=1 /7S o (2% H1»H2eJlj) /B1e*3
WWZ1/SMe (=221 wH?2eYVV) /51wy
VVS((HZ el 1)) /1 we2)w (=22SN*(F2«UUU) /I ww?) /SLew?
XXE((H2@«\W VYY) /RK]ww2)w(=2«SPe(HPsYVV)/Riaw?)/SMue?
YYSDI « ((LUSVVY)=(HWeXX))
NERIV1I=AAR(SS=~-YY)
NERIV2=NERIVI+NERTIVY
14 CONTINUE
THEQI ER(1)=22,1527F2+SUS*ZINDUCED*BRBR«DERIVD
15 CONTINUE
ENL
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SU~RTUTIHE LSTSGPOL(DERIV)
COMMON/ZL/DIMMYL(2106),9,N,DUMMY2(3)
COYMEN/Z2/ACSN, 30),R(30),MPL1,XE80),Y(30),C(30,30),DUNMYZ(120)
Lo 3f =1,N
In C(Io.")zlop
MPlz! +1
no 35 Js=o,MP1
No 3% I=z1,N
35 C(l,u)=Ctl,d=-1)=¥(1)
No 47 l=1,MP1
NO 4r° Jz1,vP1
acl,uy=o0.t¢
DO 47 Kz1,N
40 AT, 0dzat], )Y+0(k,])*C(K,J)
DO 4% 1= ,MpP
Kely=n,p
no a¢ K= ,N
45 R(I)zROII+N(F, [)*Y(K)
CALL MATKIX
PRINY K01 ,n,
600 FORMLT (s NUMHER OF GIVEN LATA PUINTS=+,12,10X,+DEGREEF POLYNCMIAL z
1, 12)
Do % 1=1,4P1
[1=1-1
5r PRINT KOf,11,-<(])
Bon FOIMAT (Ex,12,s TENRRFE COEFFICIENT=#,E42,6)
DEMIV k()
END
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SUXRCUTINE MATRIX .
COMMIN/L/ DLHMMYL(2111)

n1/06/767

CO“MNN/2/A(3N,30),B(30),N ,TUMMY2(960)Y,1PVOT(30), INDEX(30,2),

1PIVOT(30)

EQUIVALENCF(IROW, JROW), (ICUL,JCOL)
NET=1.N

nn 17 Jd=1,N

TRYOT(J)=0
PO 135 J=1
DO 9 J=1.,N
IFCIHYNTOU)=1)138,9,13

DO 23 k=1,N
TFCIFVONT(K)=1)43,2%,80
IF(AFSF(T)=ARSF(A(J,K)))E3,23,23
[ROW=y ¢ IcoL=r § Ts=A(J,K)
CONTINUE

CONTINIE o
IPVOT(ICIL)=TPVOT(ICCGL)+1
IFCIFOw=1COLY73,109,78

NET=z=DFT

nn 17 L=+ ,N

T=A(IRNW,L)

ACIRI W, L)Y=A(CICOL,L)

ACICHL,LY=T

"\' % Y:O

T=3(JROW) § H(IROW)=SR(ICOLY $ B(ICNL)=T

INUEX(T,1y=IROW ¢ INDEX(I,?2)=IC0L
PIVOT(I)=ACIrnOL,1cOLY $ DET=CE!«PIVOT(!)
nn- 2% L=1,N
ACICUL,,LY=ACICOL.LY/Z/PIVOT ()
B(ICtL)=H(ICNIL)Y/PTIVOT(L)

DO 135 LT=1,N 7

TzAC(L T, IC0L)

A(LI,ICOL)Y=U.D

DN B89 LLs1,N. )
ACLI,L)sa(L],L)=a¢ICOL,L)»T
BILI)=R(L)=ROICL)*T

CN-TINUE

nn 3 I=1,nN

Lzv=T1+1

IFCINDREX L, 1)=INYEX(L,2))17,3,49
JRIAWZINDEX (L, 1)

JOUL=INDE X (L, 2)

DO 549 K=1,N

)

ACICOL,ICOL)Y=1,N

T=d(k, JRUW) 3% A(K,JROW)=A(K,yCUL) § A(K,JCOL)=T

CONTINUE
CONTINUE
CONTINIE
END

SCUTINN STARTED AT NI =34









