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SUMMARY

A magnetic interpretation program based on the Werner deconvolution

technique has been developed and written in FORTRAN IV. The model adopted

in the interpretation assumes that the observed magnetic field effect arises

from the discrete sources and a quadratic magnetic background. This program

has been applied successfully to both theoretical and observed marine magnetic

data using the CYTER 76 system at CSIROls Division of Computing Research.

2.



1. INTRODUCTION

A computer program has been developed for quantitative inter-

pretations of magnetic data. The process of interpretation involves

analyses of magnetic data to provide information on the source of an

anomaly. It was programmed in FORTRAN IV and applied successfully to

both theoretical and observed marine magnetic data using the CYBER 76

computer at CSIROts Division of Computing Research.

The initiative and idea of developing such a program was derived

from a document published by Aero Service Corporation (1974). The technique

of interpretation is known as Werner deconvolution (Werner, 1953; Hartman

and others, 1971; Jain, 1976). The model adopted in our interpretation

procedure assumes that the observed magnetic field arises from two discrete

sources and a quadratic magnetic background as explained in Chapter 3.

The data input module described in Chapter 2 is designed to

retrieve magnetic data from a data file. Interpreted results are printed

as well as saved on scratch files for use by further programs for display

purposes. The displays are vertical section graphic plots of interpreted

sources in the line of traverse.

The interpretation procedure is performed by a generalised

routine (WERNER) described in Chapter 4. The routine can accept equispaced
magnetic data along a line of traverse with the interpretation parameters

properly specified.

With some modifications on the data input mode, this magnetic

interpretation program can be used on airborne, ground, or marine magnetic

data. If necessary the users can write their own data input module and

display to suit their requirements.

The first working version of this Werner deconvolution program

included plot routines to give an immediate display of the estimates.

However, it was found that the user generally replotted the estimates at

various scales, and also applied various consistency tests to the results

in an endeavour to screen out some of the 'bad' estimates. Also as the

Werner deconvolution portion of the program was the most expensive part

to run, it was advantageous to minimise the number of computer runs. It

was therefore decided to save the estimates on a card-image file which

could be accessed as required. The removal of the plot facility simplifies

the logical flow in the program and the generalisation of the program, as

plot software varies considerably from one ADP system to another.
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The interpretation program presented in this report is only a

preliminary version, and several improvements are envisaged. Instead of

using an upward continuation filter as a shallow-source suppressor, an anti-

aliasing filter will be used before resampling of the data. Consistency

tests can optionally be applied to the results to screen out 'bad , estimateso

2. PROGRAM MAGINVT

This program uses the technique of Werner deconvolution to compute

estimates for position, depth, direction, and intensity of magnetisation

of magnetic sources by direct inversion of the magnetic profile. It is

written in Fortran IV and presently implemented on the Cyber 76 system at

the Division of Computing Research, CSIRO. The program, as presented, is

the version used by the Marine Geophysics Group of BMR, and consequently

much of the program is designed specifically for the Marine Group's process-

ing system. However, the major mathematical routines, viz. WERNER, UPCONT,

HTDERVS, and MATRIX, are generalised and only need to be called with the

appropriate parameters.

Data input is by marine data files from which station number,

latitude, longitude, water depth, magnetic value, and magnetic diurnal can

be extracted at specified intervals. Marine data files store the basic

information in survey times that is, 32 channels of data for each hour are

saved in a buffered block of size 32 x 60. Other processing variables are

input as data cards.

The program has a reasonable degree of flexibility in that it

cycles for each survey line to be processed for one model type and then

if required cycles for the other model type. This means that with one

computer run, all survey lines can be processed for both model types.

An outline of the processing flow is shown in Figure 1.

After reading the interpretation parameters etc. in the first

three data cards (see below), the program enters the main processing cycle.

It reads a baseline data card (see below) containing identifying information

for one survey line, processes this line, and returns to read another

baseline data card. The program cycles through successive baseline data

cards and the corresponding data until an end-of-file is encountered, at

which time the processing flow jumps baok to the start of the program ready

to read another model type or new data file.
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5.

Following the reading of a baseline data card the processing flow

enters subroutine READATA. This subroutine extracts the basic data from

magnetic tape, according to the survey times specified in the data cards.

It also computes the projected distance along the baseline. The basic

data stored in the work array are station number, latitude, longitude, water

depth, projected distance, and magnetic value corrected for diurnal variation.

Subroutine REGULAR then resamples the data at constant intervals

along the baseline to provide an equispaced data array for the magnetic values

by linear interpolation.

The processing flow is directed to one of two paths at this

point (Fig. 1) depending on whether a thin-sheet or interface model is assumed.

For he thin-sheet model, the regional constant is subtracted from the corrected

magnetic data and the resulting array is passed to subroutine WEMNER. For

the interface model, subroutine DHTERVS is used to calculate the horizontal

derivatives of the original data, and the derivatives are passed to WERNER.

Subroutine WEMNER carries out mathematical interpretation based

on the Werner deconvolution technique and outputs to a scratch file estimates

of position relative to the base point, depth, and direction and intensity

of magnetisation. The subroutine loops for each level specified on the

third data card (see below). A detailed description of the mathematical

basis and the subroutine is given in later chapters.

The estimates are then read in subroutine DEPPOS, plus station

number, latitude, longitude, and water depth associated with each estimate.

The eight parameters, viz, station number, latitude, longitude, water depth,

relative position, depth, and direction and intensity of magnetisation are then

output to permanent file in card image form for permanent retention. Other

programs are used later to plot and display the results.

Following this the program cycles to read the next baseline card

and the process is repeated.

Ebcplanation of data cards 

The first data card is the input file label: an 80-character label

which is used to locate the input basic data file.



WERNER
( UPCONT MATRIX)REGULAR

INTERFACE

HIDER VS

FIG. I

MAGINVT

READ
INPUT FILE

HEADER

READ
MODEL TYPE

   

YES

 

STOP

     

r^READ

PARAMETERS
WERNER

READ
BASELINE

DATA

YES
•

OUTPUT
DEPTH

ESTIMATES

MAGNETIC
DATA

SAVE
DEPTH

ESTIMATES

OUTLINE OF PROCESSING FLOW

Record No. /977/50
^FOR WERNER DECONVOLUTION PROGRAM^

0465- 38A 1



6.

The second data card identifies the model type, either 'thin sheet'

where the corrected total magnetic intensity data is used in the Werner

deconvolution, or 'interface' where the horizontal derivatives are used.

When an end-of-file is encountered the processing is terminated.

The third data card provides the Werner processing parameters.

These are the start and stop levels of interpretation, scanning step, extraction

increment, and magnetic regional. The start and stop levels determine the

minimum and maximum depths for which estimates are to be computed (Table 1).

The scanning step is the data space stepping applied to the 11-point

window which scans along the profile during the Werner deconvolution. Its

magnitude is related indirectly to the definition of an interpreted magnetic

source. The smaller the scanning step, the more estimates will be produced.

With more estimates an interpreted source will be better defined. However,

the program will cost more to run when a smaller scanning step is used.

The extraction increment is the increment in minutes between the

consecutive data points to be extracted from the basic marine data tape.

The magnetic regional is an approximate regional constant which is subtracted

from the data to keep numbers small.

Following the first three described above are baseline data cards.

Each baseline data card contains a start and stop time, latitudes and

longitudes relating to these times, and an alphanumeric descriptor of the

line. The start and stop times indicate the survey times between which

data is extracted from the Maxine data tape. The associated positions are

the end points of the baseline onto which the data is projected. If it is

known that the traverse line does not intersect the trend of the magnetic

body at right angles, the data can be projected onto an appropriate baseline

to correct for the obliqueness of the track (Fig. 2). In any case the

projection of the data will remove distortions in the data caused by minor

perturbations in the track.

3. THEORY

To develop the interpretation procedure, we must first of all

choose a model as our basis of interpretation. For a simple model such as

a thin sheet, the equation of its magnetic field intensity can be written

in the form
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T(x) Ah + B(x-x0 )

(x-x0 ) 2 + h2

where x represents distance along a line perpendicular to the strike of

the thin sheet;

T(x) is the total magnetic field intensity at x;

h is the depth to the top of the thin sheet;

x
o 

is the position of the top, projected vertically
to intersect the line;

A and B are parameters related to the magnetic properties

and the thickness of the thin sheet as well as its orientation

relative to the direction of the Earth's field.

For a more complex model which we shall adopt in our interpretation

procedure, the anomalous magnetic field effect is considered to be a resultant

of those due to two thin sheets and a quadratic magnetic interference (back-

ground). The magnetic field intensity arising from such a model has the

following mathematical expression

T(x) Â ihi + B1 (x-x 1) A2h2 + B2(x-x2 )^2

^

(x-x1 ) 2 + h l
2^(x-x2) + h2

2^2
^+ a x + a

2
x ) ^1^ (2)

The first two terms on the right of this equation define the

magnetic field intensity at x produced by two thin sheets. The third term,

in brackets, represents the quadratic magnetic interference. Parameters A1'

B
1' 
x h

1' 
and A

2' 
B
2' 

x
2' 

h
2 

correspond to A, Bp x
o 

h described above.

Since no one single model irrespective of its complexity can validly

cover all situations, it is necessary to define the range of validity of

any model. The chosen range of validity of a model shall be called the

window of interpretation. The lower limit of a window is dictated by the

degree of complexity of the model adopted, whereas the upper limit is

determined by the technique of solution.

On the basis of the model described in Equation (2), the problem

is to determine the unknown parameters (A, B, x, h) of the magnetic sources

that produce the magnetic field effect observed within the window of inter-

pretation. Altogether there are eleven unknowns in the equation, viz. Al ,

B1' x1' h1' A2' B2' x2' h2' ao' aand82* To solve these unknowns

analytically, we will require eleven observed data values. We have decided

on an analytical solution to the problem, so the window of interpretation is

set to cover eleven data points or ten data spacings wide with equispaced

data.^ t 0

7.

(1 )
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Equation (2) can be linearised into the following form

x4T = C 1x
3
 T + C2x

2
 T + C3xT + C4T + C 5x

2 
+ C6x + C7 + C8x3 + c9x4

6
(3)C10x5 + C11 x

^where C 1^= 2x1 + 2x2
^C2^= -W

2
 - W2

2
 - 4x x1^1 2

^C
3^= 2x1W2

2 
+ 2x2/d1

2

. _w aw 2^C4^1 2

^C
5
^. A ihi + A2h2 Bixi - B2x2 - 2B1x2 - 2B2x1 - C2a0 + C3a1 - C4a2

^

C6^= B1W22 + B2W1 + 2x1x2 (B1 + B2) - 2A1h1x2 - 2A2h2x1 - C3a0 - C4a1 (4)

hW 2 +AhW 2 -BxW 2 -BxW 2 + 2W 2a^C7^=A 1 1 2^2 2 1^1 1 2^2 2 1^1 2 o

^

C8^= Bi + B2 - C i ao - C2a1 - C3a2

^C9^= ao - C i ai - C2a2

C10 = al - C1 a2

^

C11^=a2

2,.,
= x 

2 
+ h 2

^

W1^1^1
2^2 2^W2^=x2 +h2

The relations between the original unknowns and the new set of

unknowns (C values)are given in Equation (4). In matrix form, the

C values are given by

C = [A] -1 x4T
^

(5)

To solve for C, we have to compute the inverse of matrix A •
If matrix A is not singular or ill-conditioned, solution array C, can be

uniquely determined. After C values are determined, we can go ahead to

solve for the original unknowns using the relations described in Equation (4).

Note that a0 , a1' and a2 are relatively simple to determine as

follows

= C11

a 1 = C10 + C 1 C11

ao = C9 + C 1 (c10 + C1C11) + C2C11



x2 = C1 - x i

2
141 = x1 (C2

x2

9 .

To determine x i , x2 , h1 , and h2' we simply use the equations

2x1 + 2x2 = C1

- W1
2 - W2

2 
- 4x1 x2 = C2

2x1W2
2 + 2x2W1

2 = C
3

- W1
2W2

2 = C
4

2^2
whereW1 = x1

2 
+ h 1

W2
2 = x22 + h2

2

Based on this set of equations, we can produce a polynomial

equation in terms of x l

P(x1 ) = i[C2(Ci - 2x1 ) + 2x1 (C1 - 2x1 )2 + C3 ] [2C2x1 + 2x1 2 (C1 - 2x1 ) + C3 ]

- ic4(4x1 - c-)2^ (5 )

The roots of this polynomial equation are solutions of x i . We can

determine the roots by searching for the zero-crossing of P(x 1 ). Once x1 is

determined, then

Thus, h1 = (141

and^h 2^(W22
^

22 )'

With the solutions for 8.0 , al , a2 , xi , hi , x2 , and h2' we can

determine A1, B1' A2' and B2 by a number of techniques. The least-squares

fit is used in the program.

The solutions of real interest are those describing the magnetic

thin sheets, i.e. x i , h i , A i , and Bi and x2 , h2 , A2 , B2 . The A and B are

more usefully expressed in the forms of intensity of magnetisation as (A 2 + B2 )i.

and angle of magnetisation as Arctan (A/B).
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Although the theory has been developed on the basis of magnetic

thin sheets, it applies just as well to a model of magnetic interfaces.

The horizontal derivative of the magnetic field intensity over a magnetic

interface has the same mathematic expression as that of a thin sheet:

T(x) = ah + b(x—x0 )^ (6)

(x_x0)2 h2

where xo is the position of the top of the interface, projected vertically

to intersect the traverse

h is the depth to the top of the interface

a and b are parameters related to the magnetic contrast of the

interface as well as its orientation relative to the direction

of the Earth's field.

Therefore, the same procedure of interpretation can be applied to

the horizontal gradients of the observed magnetic field, and we obtain results

indicating the position, depth, and magnetic contrast of interfaces as

interpreted. In addition, the second—order interferences assumed in the

horizontal gradient field are actually third—order interferences in the

original observed magnetic field.

One should bear in mind that the window of interpretation produces

a set of solutions based on a model consisting of either all interfaces or

all thin sheets, but not a mixture of both. If the assumed model is not a

good approximation to the real situation, i.e. 'bad' magnetic sources with

respect to the assumed model are encountered, then the interpreted results

will become erratic as the window scans over the 'bad' magnetic source. On

the other hand, if the magnetic source conforms well to the model, the

interpreted results will be fairly consistent as the window scans over such

a 'good' magnetic source.

4. DESCRIPTION OF SUBROUTINE WERNER

This routine actually carries out the interpretation procedure

based on the Werner deconvolution technique described in the previous chapter.

Given a magnetic profile, this routine scans the profile in

specified steps with a window of interpretation. The magnetic data samples

within this window are analysed as described in the previous chapter. The

magnetic data can be the corrected magnetic field values or the derived

horizontal gradients depending on the model chosen.



The interpretation procedure repeats a specified number of times,

with the window of interpretation opening wider each time, in effect searching

for deeper magnetic sources. The magnetic effects due to shallow sources

are reduced by way of upward continuation so as not to mask the effects from

deeper magnetic sources. All interpreted sources are checked by comparing

the observed anomaly values with theoretical values calculated for that

source. If the standard deviation exceeds 10 percent of the root—mean—square

of the observed anomaly values, the interpreted source is rejected.

Results of interpretation for each scan are stored in four arrays

and printed or saved for display at the end of the scan. Figure 3,

parts 1 & 2, show a flow chart of this routine.

The critical parameters in this routine are :

(1) The level of interpretation (LVL)

This determines the depth of interpretation. Table 1 indicates

the ranges of depth of interpretation for each level from 1 to 7. Note that
their depth ranges overlap from one level to another. This is designed to

check the repeatability of an interpreted magnetic source at successive

levels.

The start and stop levels (LVF and LVS) of interpretation specify

the depth ranges of interpretation. They are set by the user in the third

data card of the computer job deck (see Chapter 2).

(2) The sample interval (INV) 

This is the interval between selected samples in the window.

It is measured in units of data spacing, and related directly to the level

of interpretation as shown in Table 1.

(3) The length of the window of interpretation 

This parameter is related indirectly to the level of interpretation

through the sample interval. The wider the window the greater the depth at

which the interpretation procedure can derive valid magnetic sources. Table 1

also shows the window length for various levels. The window of interpretation

always covers eleven equispaced samples, so the window length is determined

purely by the size of sample interval, hence, by the nominated level of

interpretation. The relations between these parameters are summarised in

Table 2.
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(4) 52122-12210""wPard continuation (ZL) 

This parameter is set equal to the sample interval (INV) except

at level one where ZL = 0, i.e. no upward continuation is applied to the

magnetic data at level one.

(5) The scanning step (ISTEP) 

This defines the interval at which the window of interpretation

scans along the profile. Thus, it controls the number of estimates to be

generated, and indirectly determines the definition of interpreted sources.

TABLE 1. TABLE OF INTERPRETATION PARAMETERS

(in unit of data spacing)

Level Sample Depth range Window length Height of
interpretation interval lower upper of interpretation upward Cont.

LVL INV DLC

limit

ZLDUC

1 1 0.0 4.5 10 o
2 2 1.0 9.0 20 2

3 4 2.7 18.0 40 4

4 8 4.0 36.0 80 8

5 16 12.8 72.0 160 16
6 32 26.7 144.0 320 32

7 64 54.0 288.0 640 64

TABLE 2. SUMMARY OF EQUATIONS RELATING THE PARAMETERS

INV = 2 ** (LVL-1)

DLC = (LVL-1) * INV/LVL

DUC = 4.5 * INV

ZL^INV except LVL = 1, ZL = 0

Window length = 10 * INV

Driving instructions 

(1) Set up the main program to input equispaced magnetic field data and

store data in an array DATA for each profile.

(2) Determine the start and stop levels of interpretation (LVP & LVS), and

also the scanning step (ISTEP) (Refer to Chapter 2).

1 1-



(5)

Call SUBROUTINE WIENER (DATA, UPDATA, NPOINTS, TRUEDIS, POSAVE, ISTEP,

LVF, LVS, POS, DEP, SS, AS, LUNSCR).

All interpreted results from a profile are stored temporarily on file

LUNSCR. If results are to be used later, they should be saved on a

permanent file or magnetic tape in the main program.

Note that the size of arrays DATA, UPDATA, DOS, DEP, SS, and AS depends

on the number of magnetic data points in each profile. For a profile

of 1000 data points, dimensions of DATA and UPDATA should be at least

1000 and POS, DEP, SS, and AS should be at least 500 each.

(6) Each set of DOS (I), DEP(I), SS(I), and AS(I) holds the results for an

interpreted source.

(7) Explanation of the formal parameters in the subroutine call.

DATA is the input magnetic data array;

LIEUATA is the upward continued data array;

NPOINTS is the total number of data points on that profile;

TRUEDIS is the true distance of data spacing;

POSAVE is the true position of the first data point;

ISTEP is the scanning step;

INF defines the lower limit of level of interpretation;

LVS defines the upper limit of level of interpretation;

DOS is the array holding the position of an interpreted source;

DEP is the array holding the depth of an interpreted source;

SS is the array holding the intensity of magnetisation source;

AS is the array holding the angle of magnetisation source.

Routines 

(1) UPCONT (NOC, DATA, UPDATA, DT, ZL, NC, NLT)

NOC is the length of upward continuation coefficients to be used;

DATA is the input data array;

UPDATA is the upward continued data array;

DT is the data spacing (always set = 1.0);

ZL is the height of upward continuation;

NC is the first data point to be upward continued;

NLT is the last data point.

13.



(2) MATRIX (A, N, B, L, DET, IRR)

A is the N x N matrix to be inverted;

B is the vector on RHS of the matrix equation;

L = 0 inverse only,

>0 solution only,

<0 both;

DET is the determinant of the A matrix on return;

IRR = 1 matrix is singular

= 0 matrix has inverse.

Input/output files 

The only file used in this routine is LUNSCR. For printing

interpreted results, set LUNSCR = 60. For saving the results for display

purpose, LUNSCR could be any scratch file. Results for each level of

interpretation are stored as one file, i.e. terminated with an EOP. In

case more than one profile is interpreted, the results for different profiles

should be saved on a different scratch file in the main program.

Error messages 

********** ARRAY LIMITS EXCEEDED FOR: POS, DEP, AS, SS

This means the number of magnetic sources interpreted in a level

exceeds the present limit of 1000. In such an event, the interpretation

procedure ceases to apply at that level and moves to the next level.

Action: increase the dimension of those arrays.

5. APPLICATIONS 

The Werner deconvolution technique has been applied to both

theoretical and observed magnetic data. Theoretical magnetic anomaly

profiles were calculated for two—dimensional bodies traversed at right

angles, using the method of Talwani & Heirtzler (1964). Magnetic data from

the southern margin of Australia collected during the BMR Continental Margin

Survey were used as a practical example of the technique.

Display of estimates 

The program output provides estimates of depth, position, and

direction and intensity of magnetisation. The presentation of these results

is critical to the interpreter, and even the method used in this report is

not considered by the authors to be the final answer. In the examples 01 I
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presented 9 the estimates arc plotted ae a vortical section showing the anomaly

profile and the outline of the causative bodies. Estimates are plotted with

the size of the symbol dependent on the square of the log of intensity of

magnetisation, normalised such that 200 intensity units is equivalent to 0.1

inch. Also the direction of annotation of the symbol, as defined by the

straight line segment within the symbol, is related to the direction of

magnetisation in the plane of the section.

Other methods of presentation may be adopted at the interpreteres

discretion, and in general a variety will be required to obtain the maximum

benefit from the computer-interpreted data. A useful presentation is the

plotting of each level of interpretation (see Chapter 4 for definition)
separately on transparent paper, then overlying results during the interpreta-

tion. Alternatively, separate colours or different symbols could be used

for each level.

Further presentation methods are possible, for example by first

applying a consistency test to the interpretation data, by checking whether

other estimates fall within a certain radial distance of each estimate point

and discarding those lacking supporting points. This method will screen out

all but the good clusters. An average for each of these clusters can be

obtained and the resulting point estimates plotted. This has the disadvantage

that an unfavourable profile may yield few estimates.

However, for single body models, as presented in this report, the

authors have restricted the presentation simply to show all the interpretation

data, with size and direction of symbol relating to the intensity and

direction of magnetisation.

Theoretical models 

A simple rectangular body is modelled in Figures 4 and 5. This

body, of 0.003 susceptibility contrast, is 4 km wide, 2 km thick and, buried to
a depth of 1 km. The interface model is assumed in both cases. The difference

between them is that the body is situated at different magnetic latitudes, namely

at inclinations of 30 0 and 600 respectively. Together, the two cases show

that the technique is independent of magnetic latitude.

The technique defines the top corners of the bodies extremely well,

as shown by the major clusters of estimates in Figures 4 and 5. However,
the bottom corners are transparent to this method (and to most magnetic

inversion methods). Note that outliers occur in both figures even though we

tu0
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are dealing with a simple theoretical curve. In practice, with many bodies

and observed data, these outliers can disguise the true form of the magnetic

basement. It is this aspect, of distinguishing between 'good' and 'bad'

estimates, that is most difficult in the interpretation.

Aero Service example

A simulated geological cross—section is shown in Figures 6 and 7.

This cross—section is similar to the example given in a publication by Aero

Service (1974) and was chosen by the authors for comparison when testing

the Werner deconvolution program. The cross—section simulates, from left

to right in these figures, a reversely polarised vertical dyke, a normally

polarised vertical dyke, a normally polarised dipping dyke, a suprabasement

plate terminated by small normal faults, a graben with dipping faults (or

contacts) on each side, and two vertical interfaces (or contacts) forming a

'well' in the basement. The theoretical anomaly was computed using a

susceptibility of 0.001 for the main basement block, susceptibility contrasts

of 0.001 for the dykes, and field parameters of 7 °E declination, 600 inclination,
and 60,000 nT total field.

Figure 6 displays the results using the interface model option in

the Werner program. The top corners of the major interfaces on the graben

and 'well' are reasonably well—defined, but the depth extents of these features

are poorly expressed. Estimates over the minor features on the section,

namely the dykes and small faults, are under—estimated: that is, the depths

to the bodies are too shallow, and the clusters are more diffuse.

In Figure 7, the thin sheet model is used on the same anomaly

profile. This gives better, although not outstanding, estimates over the

minor features, and appears to outline the depth extent of the major interfaces.

As mentioned earlier, the method of display of the estimates is

critical. For the data in Figures 6 and 7, if the estimates are plotted

separately for each level of interpretation several points are noted. The

first level including the depth range of the causative bodies gives the best

estimates, and the scatter of the depth estimates increases with the higher

levels of interpretation. Also the intensity of magnetisation tends to

increase at higher levels and this may tend to mask the smaller and sometimes

better estimates from the lower levels.

an../
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Southern margin of Australia 

A practical application of Werner deconvolution has been carried out

on a marine magnetic profile across the southern margin of Australia. This

traverse runs from south to north along longitude 132 040' 9 and crosses the

Ceduna Terrace and Polda Trough. Data have been projected onto a north-south

baseline and then resampled at 0.25-km intervals - the approximate spacing

of the original data. No correction for the diurnal variation has been made.

Results plotted in Figure 8 show the estimates calculated for levels

1 to 6 for the interface model option. A bathymetric profile is also plotted

to aid in the interpretation. The observed magnetic trace is plotted at 50 nT/cm

from the original one-minute data.

The shallow basement region is extremely well-defined. Basement

gradually shallows northwards from 1.3 km at the shelf break to 0.5 km near

the coast. Several disruptions occur in the estimated depths, especially in

the vicinity of the Polda Trough between the 300 and 330 km mark on the

profile. Here the good shallow estimates are absent, and weak sources between

2 and 4 km reflect the depth extent of the trough. In fact, the trough is a

half graben normal-faulted on the northern margin and defined by a hinge line

on the southern margin. Although the depth extent is poorly expressed, the

estimates show the top corners of the interfaces, and possibly the faulting

on the northern margin. The southern margin is not identifiable from these

estimates.

South of the shelf break, the basement surface is ill-defined, except

for several good point estimates. The major deepening of the basement surface

from 1 to 10 km between 190 and 210 km is easily distinguishable. There is

also an extremely good cluster at 12 km at the 160 km mark; seismic evidence

indicates that this cluster arises from a basement high at this point. The

basement surface drops to 14-15 km at about 180 km, rises to 12 km at 160 km,

and then drops away again. This broad basement high gives rise to the

anomaly shown in the profile.

Further south apparently there are no interpretable anomalies.

This region is in the so-called Magnetic Quiet Zone. Small-intensity estimates

may reflect small magnetic contrasts within the sedimentary sequence. On

adjacent profiles, some of these diffuse clusters are in the region of faults,

as defined by seismic data, which presumably have some igneous material

associated with them. However, these small estimates are almost lost in the
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normal background 'noise' level of the estimates. The background 'noise'

arises from several sources. It may arise from the mathematical technique as

shown in the theoretical models where 'bad' estimates are found using a

theoretical anomaly. It may also arise from the observed data which may be

noisy and influenced by diurnal effects.

The sample line did not extend far enough south to encounter oceanic

type anomalies. However, on the lines that do reach these anomalies, good

estimates are obtained within 1 or 2 km of the seabed.

Results from the above examples show that the Werner deconvolution

program is very useful for obtaining anomaly source estimates from magnetic

profile data with minimal effort and time. Hence, it forms a useful building

block in the development of an automatic magnetic interpretation system.
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READATA 49

So WITAIANT00.5TuRA(101 )01VESEC)^Gu 10 18 READATA Se
56 IF^(1610.0.111014(1,)).FITESECI^GO Tu 60 READATA SI

REAUATA Si
C• LOOP TNITOuval SLOCA EsTRACTING VALuES AT NOMINATED INCREMENT RIADATA $3
Ca^SRIP^INDIVIDuAL PoiNTS IF OLITS/Dt REQUIRED TINE

uu^1111^J^•^1.60,16C Rue/AU SS
ss 1,^(T AAAAA .GT.ATINTE(1,2).FIvESEC)^SU^10 AO

(T11,10.0.41f01471,1701V164C)^60 TO IS
RIADAtA

:;
(60u61.641.21,01)^60 TO^IS READAIA Se

Co^lir 'MUNK kit IV 11•1110101•1( ItliSTA
IF^(sT0eS(01,J).0.000101.0)^So To 60 IlLADATA 69

60 Ni.eu•I• 61
Co^MACE REWIRED AAAAAA TIR6 16 •^ • RIA0/116 6i

ROUNT • KC610001 REAOATA 63
Apaartl.604ATT • STOSE(I,J) IlEADAIA 64

6S^mulay(3.10
(3,101,141)T)^• STORI(RT.J)

^

(3010011)^• 11011/a6,j,
716610,1•
6$60672

64
66

^(6,600k1)^• 100PC(117.1) NEADATA 67

AufilkACT DIURNAL FROM MAGNETIC vALvt C.=VI: 66:
IF^(61TRE(14,J).LT.DUIIIDUS.ANDOTTORE113.J),LT.DU 6 1 0 u 11 )^60^TO se NEAOATA 76

76 ^00101.1,0) • UNKNONN NEAuATA 71
NtinoR • kiaNOM • I 112A6A0A

1.0 - TO 71 NEADATA 71
611 1RmA776,106N7)^• STORE(14,J)^• 5T0WEI13,0 READATA 74

1726687A 74

14 Cs^CALCULATE 0111TANCE ALONG OAS' LINE IN 11m6 READAIA 76

IdI •^(STONE726,0^RLONG1).A1.PNA RE•uAT A 77
V^• •(STORL(37,J)^- RLATI) NEAuALIA 16
IA • AsCOSROT • T.514R01 READATA 79
IT • .1•61NROT • TiCOAROT 40READATA

66 ^ (5,K0uNT)^• AAA^ REAuAlA Al
REAUATA 42

60 LONTIN62 AtALIATh 113
11286676 64

60 TO II NEADATA 45
116 REApATA 66

C e WO N NOW* EQUAL TO 1 IF NO DATA Faun) REAuATA 67
le IF^(110141,10,6)^NOOATA • 1 READAIA 86

low MTUTAL • 100N1 RLAVATA 89

IF^(600RTR.1001)^PRINT^1111,^NIOTAL REAOATA 90
90 I5 tONNAT11116,18(0417,161,.TOTAL 0F.,11110^RtcoRus SATED^IN MCAOATA. 11620612 91

1^o),) 17166AtA 41
READATA 93

IF^(NERROR,GT,O)^PRINT^las,^NE1000 66A0AIA 94

Ill FONNAT(1116,16(0 6 ),111,6TOTAL NUMBER Of^UNKNOWN TALUE11.,1111,//) NEAOATA 95
41 1680A7A 46

RETURN 142ApA7A 97

PI?

1EA0A1A
RAAI)A14

96
99

rt,

SUBROUTINE READATA
Record No 1977/50^ 9465-47-1A



APPENDIX A
SUBROUTINE RtGuLAR^76/76^OPT•'^ PIN 4,6.439

^
15/49/7? 14..6,546^Page 3 of 8

1^OUOROUTINE REGULAR(ARRAY,INC)^ RAUuLAN^2

REGULAR^
3

CAR.

^

:titt::^•

C..^INIS SuOROuTINE RE AAAAA ES MADWIL DATA AT REGULAR DISTANCtS^RtGuLAR^5

1^ 6
C.17   - ARRAY CONTAINING BASIC DATA^ 7
CA.^INC^• eltRAcTioN INCREMENT
CA.^ARRAY(I,N) • TINE

^

!!!!!!^1:

4

C..^ARRAY(J,N) • LATIPuOt^ Rt6ULAR^111

16^C*2^ARRATI30) . LONGITUDE
:::::::CA. ^ (40) ■ MAGNETICS^ 12

CeA^ARRAY(S,N) - PROJECTED OISPANCt (AmS)FROm SASE P011.7NE10LAR^13

CA.^AAAAA (10,N) • MATER DEPTH^ REGULAR^14

IS^DIMENSION ARRAT(6,1)
COmmoN/•EG/ DATAmAG(2060)0DERIV(2000),NPOIN75,NYOIAL,TRutu 16 .P 061 i iii^117

IDAIA (SMALL • 1,6E.4)^ RtGuLAR^S

^

REGuLAR^19

C.^CALCULATE SAMPLING INCREMENT Al A PuNCTION OP EXTRAC11uN INC, RtGuLAR^if
IA^C.^oN1 mImoTe - Is EQUIVALENT TO 4.21 oo (wpm] -

Mower • e^
ReDULAN^21

^

ResuLAN^22
spIce • Imc.eas^ Re6,-JLAR^23

=L.:: g
tavern • SPACE
IF - (ARRAYCS,11,67,ARRA.(5,NTOTAL)) SPACE • •SPACE '

21^POSN • /NT(ARRAY(1.1))^ RtGuLAR^46
RGail • POSH^ EbuLAR^27

^At2uLAR^ae
C.^LOOP Tmitouom TOTAL KINSER 02 DATA VA0.111, INTERPOLATt vALuES^REGULAR^29
CA^AT REGULAR DISTANCES^ NtOULAR^30

311^ uo Te^1 4 2,NToTAL^ REGuLAR^31

^

RtOuLAR^32
II IF (SPACE,47,1101) GO TD 26^

JR4Guut::^LIC.^INTERPOLATION TEST FOR DECREASlow 014TAKEA
IF (POSNAT,ARRAV(S,1.1)) GO TO 64 -^ MODULAR^35

31^IF IP084.LT,ARRAY(5,11)^GO TO 74^ REGuLAN^36
CO TO 56 '^

:::Ut::^737$C.^INTERPOLATION TEST FOR INCREASIN6 DISTANCES
AO 1F co0soo.o.ono•oc5,1-1» GO TO 61 -^MODULAR^39

IF (PO5N,6T.AORAY(4.I))^GO TO 711^ OtGuLAR^40

40^ RtGuLAR^41
34 MOUNT • MOUNT • 1^ REGULAR^42

OX • ARRATts,I) • ARRRY(5.1■1)^ REGuLAR^43
g AM. „!T iro,^ ) GO TO 411^

:Itft::^::
41^CO TO se^ REGULAR^46

4$ FRAcTN • (poem • ARRAT(50.1))/01,^ RecuLAR^AT
S$ DAIAmA G(PlOuNT) •• ^ (4,1.1) • FRACYN.(ARRAv(4,10.^ (4,1.1))^46

iiii
49

64 PORN • POSH • SPACE^ 511
II^CO - To IS^ RLOULAm^si

^:Itt:: ^
52

76 CONTINUE

^

:::::::^!!
C.^SAVE AND PRINT mumetp or INTARPoLATSO POINTS^ReCuLAR^ss

SI^NFUINTS • MOUNT
PM? 46 , -bilhOINTI^ allaLlin^so

^Of FORMATIISIX06(061,1111070TAl. 10..1160 RECORDS INTERPOLATIO.,/1/ NIGW.AR^51

^

:lett::^LImt!unft

^

:1:tt::^
AlAl

IN.

^FIN 4.6•4)1^15/09M 14,116.111S*moo:ft 518,500^76/76 OP.Tol

PVIROVIINS kisi$P9121APPALLMOQATAIsCAIIMO .^_
1111111010-V
!MIS ODUTINE !ONTO A IUPPIRREG IN9C1!. or TmLOR(T;CA‘ DATA
PRODUCIFIN NA610

READMOD
C44^ARRAY • ARRAY CONTAINING BASIC DATA^ MEADOW)
Coe^MODATA. SO ? TO I IF NO DATA FOUND^ 21.409012.^.^_^_ ^•

^9tAUTIOD^9
CA. ^ ((.M) • TINE^ READMUD^IS

IS^CA.^ARRAT(2,N) • LATITUDE^ READMOD^11
CA.^AAAAA (3,M) • LONGITUDE^ READMOD^la
Co.^ARRAY(4,N) • MAGNETICS^ READNUO^13
C..^ARRAT(11,N)^PROJECTED DISTANCE CONS1FROm BASE POINT^READN00^19

ARRAY(6,N) • ^pqm^ REAUMOD^15

Is^MOAOI400^II
oimemilIoN AAAAA (4.11^NOAOM1ID^IT

^CONMOM/REG/ DATANAG(211111),MDERIV(26111),NPOINTS,N7QTALOP40416,F061 READNoo^IS
CopmcmisAsLimli stotooma,oLei.oLoost,o‘oot,o0o62 ^MOAQIQO^II
Comoomnuo, PITIN,NTOUTOISCR,LUNSCN.LUNDOC,LUNSAVEf^

READNOD^21
LUMPLOT

IV^-COMMON/MAW/ L.DX,X0RIGIN,MiliNT.DEVN,DATA(64126e)
DATA (FIVESEC • 5.se-a),f0u410u1 • 1.14,),(womood • 1.5011)^ReAomoo^22

^RIAONOD^23
^RtA00400^24MOUNT • 6

IG SUFFER IN IRTINo1/ ILOATAIA.111,10/^ REAM°^25
IS^ IF (uNIT(MTIN)) 4100 j^ READNUO^26

is PRINT se, ARRAr(i,^),ARRAT(I,L)^ RiADMOD^ay
76 FORMATU,I$X,16(INA),111X0PARITY ERROR 5ET4EE14A,F11,60, AND A,^READPIOD

1 Fil.4)^MEADNUD^34

IS^ RLAOMOO^31
CA^AAAAAA tR INPUT ARRAY TO NORM AAAAA^ 404091)0^32

40 DO Si^ READNUO^53
Do 56 1 • 1,6^ READNOD^34
ARNAT(1,J) • DATAII,J)^ NEAD1200^35

II^If LORTINUE^ READMUD^34
^NEAOKUU^37Al COhTINUI

iioUNT • L^ REAuNuO^36
REAONUO
REAUNOD

4$^CA^RETURN NODATA EQUAL yo 1 IF NO DATA FOUND^ REAUNOD^41
76 IF (ROUNT,EG,11) NODATA I I^ READmUU^42

NTUTAL • MOUNT^ REAOmuu^43
IF (MODATA.E0,6) PRINT 6$^NTOTAL^ ReAumuo^44

^

Si VommAT(le4,101INs),tex,.ToTA‘ op.,1111,. RECORDS SAVED IN NIAOMOO2 READNUD^45_^.
41^1 ,//)^ RLADMOD^46

^

REAUPWO^47
RETURN^ IttA0MuD^46

^RIADIQO
MIADMOIO^Z:1.1. 49

Record No 1977/50
^ SUBROUTINES REGULAR AND READMOD



1

1

APPENDIX A
^SUBNOUTINE WPCS^76/76^uPT61

^
(TN 4.61438^19/09/77 14.04.3e1^Page 4 of 8

SURROuTINE OEPPO3(ARRAT,61041,NET001
t:::10:^

a
3

C.*.

iiiP:Pli

4
Ce•^Ig:Nd8ROuTINt ASSOCIATtS BASIC uATA (TINL En) 'ILI^ INa^ 5

^

5^C..^CALCULATED DEPTN ESTINATES AT INTERPOLATING DISTANCES '^ 6
C66^61THIN TIE BASIC DATA ASSAY^ 7
C•6^DATA 18 ON10 FOUND TA Tift '4604.8T m1TOJT1^

ii;;;;^

6
9

C..^ASSAY • ARRAY CONTAINING DASIC DATA^

::::::

16
^IS^C*•^LINE ■ DESCRIPTOR FOR LINE^ II

::::::
^ (1,1) • TNE^

12
Co.^ I^ 13
CAA   (2,N) ■ LATITUDt II

iiiiii

Com   (5,N) • LONGITUDE^ 15
^IS^C.• ^ (40) • MAGNETICS^ IA

C.0^ARRAY(S.N) • PROJECTS() DIS/ANCL taaSjPRON SANE POINT

001.05^

17
AAAAA (6,N) • wATER DEpTo

::::::

C.*^ 18
19

DINENSION AAAAA (6,1),LABEL(11)0ETRu0(2)

iiiiii^

26
^Al^ LOMNONARE6/ ISTmATt(4,1849),NFOINT6,NTUTAL,TRUL0111,P0A1^ 21

COmmONALumA MTIN07000415CR,LUNICR,LuNDOC,LUNSAvE,LOPLUT^ Al
23

::::::

RENIND LUNSCR^ A4

!!!!!!^

AS
^25^C•^CONSTRuCI AN)) OUTPUT FILL LAbEL^ 26

CALL TODA,1/DATE)^ 27
ENLODE(110,18,LAALL(1)) LINE,mtImOdOLOATt^ Al

IS FOmMAT(*mAiNETIC WIN EATINATES • LINL •,8(80. NUM •,3A18)^ 20
NRITS(NTOUT,48) LABEL^ 34

^

30^ PRINT 28, LASEL^ 31
29 P 999FT(/A,1 91 ,1m*, 6 A1 4 ,1m.)

33
C.^READ AND OUTPUT 'SWILL mEADeo^ ::::::^

32

=IC):^

54
5g COUNT • 0^ 35

^33^ge.o(LuNtico,..) LABEL^ 16

::::::

4g FORNAT18810)^ ..17
IF(EOF(LUNSCR)) 1118,58^ DEPPOS^SA

SO IF(10C 4EC(LUNSCR)) 60,68^ 39
Ng 6RATE(mT0u7,68) LAOEL

PRINT 28, LABEL

iptitriDib^

AO

^

48^ Al
42

Co^MEAD ESTIMATES UP TO EDF • It IOW 1,68 LEVEL AT ONE 0 AAAAA^ 43
le aOuNT • a4uN/ • 1^ DsPrO3^44

READ (LUNSCR,S0)^(ESTMATE(1,AduNT),1.1,4)

igigiPiPl0313^

45

^

45^ SI To...T(I5.,..15..)^ •6
IF (EoT(LuN3co)) too,..

0•1.803^

67
096 IF (IOCNEC(LuNGCN)) 781^ 48

49
C.^•ORK OUT DiNECTIuN 07 INTERPuLATION (UP ON DUoN)

iiii0i^

58

^

54^ Si1 AN^UAT • ANT ■ 1^ 51
dINECT • Le

0trpOIA^

52
,NTOTAL/)^UINEcT • .1.,IF (^ ,II*GT. ^ 51

PAINT 118, ADDNT^ Al
ITN FORmAT(A,184,*NUmgEll OF ESTImATES*,15,/)^ 55

^

SS^ 56
Co^8087 18 7 1 9 ATEA INTO 1801 148146 0181A8Ct ORDER^ UEPPDA^57

CAW. 6414Akk4(leI5gT1,6,444A41,0,1, 4Ughl)^ $
:NZ:^

8
59

C.^LOOP TFOIOD.m FUR LAC" 96TINAIL, AAAAA m186 4AgIL OA14 AAAAA^
°:::(!):(
^as

 C.^FOR kEARES1 vALLIS (Oki 01 9801U6 0610)^ 0
00*^4151.1531INTEMPULATION 400 rOMA

1))iiPPRti

MART • 1^ Z:::^ii
GO - ITO .1 • 10, 06.81^ 64
Op 168 1 • AAAAAA ,NTOTAL^ 65

^

65^ ISIART • I^ 66
C.^- jumr TO CONNECT INTENPULATION UINECTION^ OtP0OS^67

10 (p/REET.GT,0.8) GO TO 128^ DtPPOS^64
IR IESTMATt().21,,LT. ^ IS,I/)^GO TO 168^ DEPPOS^69
GO TO 130 DEPPOS^IS

^

70^120 IF (E AAAAAA (1.2),4T.ARRAT(5,1)1^Gu lu 160TI

!Li! 78

74

DEPPOS^It
C.^.ET e.alc u.T. vaLuE. FOR ESTIMATES^ /3

138 11mE • Am4Nyt1,1,
LAID • ....T(a,T) IS

^75^ PLATm • (ARRAT(2,1) . L.ToT.....^ PbOLPPOS
LONGO • ARRAY(3,1)^ II
NLONG 9 • (69869(3,1) . LON60)6,8.8
. 0 • ARRA,16,I,^

OLPPOS
DePrOs 

IN
LaPPO8^Al

^

58^C.^SAVE AND PRINT BASIC DATA All) tellmATES^ 00.1,08 Al
NRITE(MTOUT,188) TINE,LATO,RLATN,LONG^ Ot14.05D,RLONGN,60,^ 82

^1 ^ 18,178411.(4,J),4.1,41^ OEPPOS^83
14d romN.Tole..a(l.,r..p),Tir..,..le.ET^ woo.^44

POINT 158, T1mt,LATO,RLATm,LONGO,RLONGm,10,(ESTmATt(A,J),A.1,4)^DEPPOS^$5

^

65^158 FORNAT(18A,F10,6,2(14,F6.1),F10.8,4F10.21^

!It'EPFP:P!!^98

47
66

NO 10 176
Ice CONTINUE^ DEPPOS^46

1APPOb^89
ITO CONTINUE

^98^

::::::^

VI
C.^[LOU. DONT SuBFILE AND Du TO READ NEAT SET OP ESTIMATES^DEPPOS^42

/MtNUPILE^ug^ 93
‘0 . TO 38^ COI:2:^V4

95

^

,O5^C.^AT ENO OF LINE, CLOSE FILE AND PRINT MOISAGE96
188 AAAAA loo^

iii!ii

)31 0014".,(//,iox,i.cv , sT.sol,.ENo of oosTTIoN T.T.Roowlu..,/,)
ENurIEE iTouT

I
i

^AS^mEluek^
j

:Ng:^ii;
WPC'S^183AMU

SUBROUTINE DEPPOS
G465-47-3A

414

Record No 1977/50



SUBROUTINE WERNER PART I
Record N411977/50 G465-47-4A

C(1,1708(1) 08

DO 64^J.1,11
64^61(1,11.1111.1)

60 l e El:permit
,

N.II^$ L.1

C. CALL MATRIx TO OBTAIN SOLuTIONS(IN C)
61 GALL MATRIX(A,N,C,L,OET,IRRT

IFORR.EO.IT^GO TO 44
C. CONFUTE the COEFFICIENTS OF QUADRATIC IN AAAAA PENCE

464..C(11)
961...C(18).C(11).C(1)

70 bitb..c(g).6GIAC(1).C(11).C(2)

C. SOLVE UNANOOk$ FOR ONE OR TwO 601)RCES POSITION
64^1.(1).C(1)44,5

1(4)..C(2)
75 1(3). C(3).4.5

C(41A.C(4)

C. 801.9E^a BY 6EA414I41 FOR ZE0O.00064ING OF FM.
00 go^1.21,61

80 4.4,1.(1.0400)

::
1

( 12 1):
6

40x.v.v.C(3)
y.C(a).x.4. ****** •C(3I
u•C(4).(7.0)*(11•7)

SS p(i)^•^U.N..
16 LONTINuE

FIR..
00^Ilp^1411.61
IF0(1) • EO,6 • 6)^Al^To^144

91 P6O.(1.1)*P(1)
iFt.H.‘E.0.6,^4u^TO^119

146 M646.$
boR).4,1*(1-buD)-4,1.P(1)/(p(1.1)-P(1))

III LONTINUE
95

C. IF^Nu •OLuTIoN uF^POLYNOMIAL P(A)^JUMP TO NEXT 1016004
IF^(44,10.0)^GO To 46 t

C• LOOP AFOu60 706 4041164 OF R006 MR
114 u0 250 mll,NR

A^•^A(m)^,
VIRLITT.S
LAilAs46b•CV•IY•4V420^ •
orfp.(1.,)*(11.V)

165 171476.0.SPALL)^Go TO^179

:ITI:g((:)::::^
•C(s)),(14-T)

b0 TO^13P
^•CT3/1/(T.A)

Me LA.Cm .......
114 is6C..c5.4..C(0) 6148(0^III

17(010.1. *^ 40 TO Ise
•B.(CS.11O4T(45))/1 ,
bv.((s.80. 0( 11 4))/2.

130 li.f.y
111 WIWI

17 0 11.6 7 .1 117^ISO^TO^145
amisenT(61)
Isire.es
lectoottzst

1111 1 411 IFIAT.vost 10 TO ISO
0700000T(6T) 1
** I ** -vs
ircteartzs,

Ise Wiwi

21

25

30

64

41

SI

SS

I I

1 5

AUDROUTINE w64NE4(0044,UPDATA0PUINT6,T4u40116,P064•1,1611P,L4F,^.6mm( m^1

4:iE^

3
4

g 06,P06,LEP,113,46,LuNSCR)

10)1::: 161N: 1411t=1,1):;7 (11):T: (11g) 101 1::f)!;:%): 77 (1 0 )^::::::

^

A.610011.96),(NOO•51)^w11161m^
6

0414 (6PALL • 1.9E.6),(P• 5 7 1 9 5 7 ,1 07 •10/,

s
7
A

41.140 (.04416R

Eik^
9

:^
Iv

IV^ L7L.LVF.1 11

ri::::::^Ii
C.^SET LEVEL OF ANAL , 414 • LVL^ 13

20 1.96.01Lol^ 41104(4^I.

C.^IF No MORE LEVEL, SAVE RESULTS. 'MEN RETURN^ ::VNI: lb
25

IF(LVL.ST.LVS) RETURN^ MENNEN^17
644444 IS
mENmEMLv.I. : 11. 1 1 6APPLA INTERVAL
6461944^20

19C.

mEmm6k il
tr:41Te LlhV/L7L^ 4(44(4Em 41
RIF.. •kkhEm^43
N06.(lbv.1).6•1 s bc.(!mv.1).3.1 414444 24
Nc1.NC25
NLI.NPOINT644..1 

::::::
wERNE.^ib

C.^' SET NEIGpT OF UPWARD CONTINUATION
. E4NE.^

47
ll.lNy^8 IFILvL,E6.11 ZL•S.^ 26

414414 29
C.^cALL UPCONT TO up.A0o CONT14u^ ftlimEmE DATA^ 36

CALL UPC017(NOC,OATA,uPDATA,OT,IL,NC,NLT)^ ((ERNE,.^II
NERNEN^12

3O NS.0 8 Ibb./6vo,^ftERNE.^33
C.^511167 SAMPLE AAAAA A11066 M714^ wERNEw^34

C.

C. 14 COGTINUE

00 70^1.1;11

hi..0..1...10
4...01.jft

u0 54 J.1,11

4./.40m^ 4649

76(5).7(1/4x
71(1).T8(3).x
78 ( 1 ). 78 ( 2)"
78 (5). 1 . 1
TOW..
7007).g.

IF(NL.GT.N6Y) GO TO 266

TIII4).T(I)

18(1).4..3

ICJ) • vPDATA(JJ)

$41161.1 PROFILE

GENERATE (1,161475IPENT6 IN LINEA* gou.710. ..T.I.

:::::::::::^

54

::::
1111916M

4E64E8

^ ERNEK
41014E4
wiRNEA

0(
8611419^47

36
35

37
36
IR
SO

JJANX.(J.1).INv 41

44
45
46

46

51
52
53
54

gi
43

41

II J.I.J0.10TEr

7110)8110.0^ SS

57
11494.1

.11.0447^56

:1:1:^56

in"IltrTINT̂ - -a-19
61

OI6BI4^LI
63

OE4414^44
WERNER^65
BERBER^46
BERNER^67 

:1:::: 66
49

:ERNEN^
76
71

wiiiiivA^71
^DEPTP^WERNER^13

74
:1::::^75
WERNER
101ARER^

TA
77

iiLitren^-14
616410^79

11:;;;I^

64
OARRER 61

wERNE8 61
65
84

116119E4^65

'lig^

84
81
Ws
69

^

1174E^
95

^6 i:^06

94

i 
POSITION MERMEN 97

^

::::::^
44

::

:::71:
92
93

. 110

II/
6168111^st5
•lliNKI^WI

limo 174
Iowa ses

APPENDIX A
6064007141 sallmtm^76/76^OPT.'^ PIP. 4.6.439^15149171 14.616.506
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urrtivuiX A
Page 6 of 8

1

WI -^ 121
Co^CMEC4 IF ONE OR To0 SOURCES NAVE 01EN 041(EM,^ 12T

^4 4494 6^128
Co^DETENMINE INTENSITY AND ANGLE OF MAGNETIZATION^ Wimis^129
Co.^SY 1.64111 SQUARE 2111166.^-^ 144414^134

Ile^ 1.7•1 $ LL•4^ 4S4124^111
,I 1.0.1^ NERNER^132

^

4(49(4^133
1 4 11Y.E0,^

^

WERNER^134

^

4(6664^135

14(27,10.^ .1 
41.1;:a3

15(21.10091199.) 1.1.14
wERNEN^136115^ 00 160 1•1,11
NERNER^137L(A,04.0.

40 164 Jo1,11^ NENNEN^138
4(1,3) • 11,0

^

::::::^146
141 NERNIN^141

160 LONTINUE^ I
40 145 141,11
34.1 ^ 6114^ NERNEN^142
^.11^ WERNER^183
AlfoliN.T^

::::::^1::urooboyA•litoIx
145^ u41,15Ax8.2YoZY^ oE11614^lob

oEWNER^1471 511)4Z4/04
isl 2 ). 44 ,° 4^NERN(N^141
18 1 3 ).AT ,"^ WERN(R^149

4166118 151i 3 i4) •113207
150^ looT(1)•546•11GtooN•1142*AN•AN^ NERNER^151

wENNEN^152uo ITO .1 4 1.7,LL
1.(4,1) 4 C(3,1) 4, 77011(4)^ NERNER^153
60 110 ooLF,LL^ NENNER^154

17b o(6,j).14(4,23.11(J).111(113^ NERNER^155
155^116 LONTINUE^ 4186168^176

NERNEN^157
^KERNER^158hNoLL•LF.1
^mERNER^159

4686,1,6160
WERNER^tot

110 191 1•1,4,U0 1114 J0106
14. A(4,1)1.4(.1.0.1,1•L7-1)160

NENNEN^162
Co^CALL N07414 TO OOTAIN 60LuT1u45^ NERMER^163

NERNEN^164CALL NAT111(4, 146,115,11,U41,101)
1 7 1114.50.1, 60 TO 236^ .(8p.(4^165

167^ 110 240 1. 4 1.7.1.1. ^EE^166
^NERO'S^167vo 264 8 .1.4,ki.

24, ofo.6)* 4 ( 4 .1.7.1,L.1.0.1)^ NOMMEN^168
vo 216 Lo1. 1^418414^IN,

210 7 1 11.140.^ NERNIN^1711
171^ 466.1,6^ill

^

114144^112.0 41, 1.•4P,44.
^ToIRMIR^113DO $Hlocr.u.

ass PTtoolt1.,o4cAmoc(ig,t)^ .2444.4^174
w44444^173ITS^Co^041108 401.411044, IP 0661?, 612101 Tsui^ 841111111^114

4T••4 •^4266168^177
weINED^ITS

00 :-^14831 6 1/11^ To E ^17,
:::::TM^464414^16424 *LONE*^1111^ .3
16414.4^ Ilia
1.44 .0, 1(4). 44•IT(3)*IT)/0111 , 88•IT0IT)^ 4 ^143

11144 (FT(1) 4 340, T(04I4)/( AAAAAA IX•22)4.744^ 414424^04
64•gmmoss•x4.4$24134.114^ 115

105^ TOT • TIN) • TN • 11 4^46014i4^166

^

::::::^1::•^•
Wm TOT • TM
iTm•STm•Ttet2
iTi • 416 • TOT.•2^ 4441414^169

^4244[11 ^194230 ;^
NERNEA^191

WINO(
1 4/11

4714$447(4TS)^ NERNER^192
A ^193

^

4111410^194
101446124116,m)
SPC.ATT/444.144,
Irlesc.61,16,11 so TO ass^ limits^1951119^Ca^colic* ft•mci or 06414 s60 PosITIOs, IP OUTSIDE, 01 (3(01 IT^4204E4^196x4./3..8) , (4 6, 30^ NITTNIm^197
1. 7•(3..”*(7 ,30^ 414424^1981 1 1 117 „LT,4,07 4 .IX.GT.8.3/ 00 10 "II^ 454414^149

^

4244E4^248244^C.^CONVERT POSITION, DEPTm, INTENSITY AND A8641 1610 TRuE OoLuES :1:161:^::12
C. 400 60uRcE 1;

OP 14 13.144.L.^ *6811(4^2113
IPOPT,LT,OLC) GO TO 245^ •014(4^264
NS4NS ,A1^ Ass•cm^ass245^ 1,018.CT.1o6s) So TO &se^ oENNEN^216
11EO(N11) • orT•Tiqueolc^ oENNEN^257Poi(ss) • ( 01x.1*(1•5).11441.YOUEDI5 • POSAYE
10.7 T(110T(17 4 0T(2).1T12/^ ::::::^:::

wERNEM^iiiiI8(46)86ORT(sole1mv
116^ 14(47(1),20.4.4) MT(1)•4.^^464%14 ^:11

440,7(2)/FT(1) ^NENNEN^212
4111111)4ATANTARjoIA^ 4164(4^413

246 1 7 07.0.11..04.27.67.4.5) 10 10 258^ .149617^214C.^700 SOURCE 2,^ .6474211^215215^ UP1o2ToI6,V■21.^ 864914^214

^

iitiii:i^1117:

01041,1.T.OLCI GO TO 256
h4oN114.1
UtsS.CTosss) Co To 266
06 '2 ( 68 ) • DO1•169E0/11^ 4146214^226

^*ERNI* ^221
226^ 1.04(6111 • ( 14 7.1.(7•3)•14P)ORUI018 • 6441171

61i71 (3) 471 (3)* 4 T(4) 4, T(4)^ .684(8^2g2^44(44).41017(460•144 6(46(4^6g3APII7()T.CD.O.s, 4 1(5).6.^ 1^ m6446m^22444.41(4)01(3) 

^

4144(4^225RAS^ AlIEN6)84Y11N(AR)024
isle COftTINUE^ ::::::^:22:

^.484(a ^Jig

ilia 71i
Co^JUMP 70 START 204 NIAT 414004 40411104

No 7 u 44

^4/68201 ^232

234
2114 P 400276

^

276 7 Ooo•T ( 141 , 18 ( 17, •) , • AAAAA LIMIT& 1E1(10E0 708 1 71111, 024 86, Igo) 41116,171^233
^4440128 ^634Co^II Nu 16138(68 30,14 7U AAAAA 604 1110 AAAAA^ 235235^ 281. 16 (.8.1.1,8) .0 10 /0^ 236

^

4044EN^aftC.^OUT( L3119A7E4 60uN1.ES ONTO 1.4040.^ 4144(4^238
42 .361

J8lui.j./ISYL7
m/0E(E/m5E1,290) LoL,pero^

::::::.:
244^age pOwNAT(optrim E51INA1E6 - 1.E,EL*,120. 612M814 OP 4C 4 94.,35.14(17, )) 4249E4^241

^

4(8440^242
'IA 114 1.103
.147TEILU93C40417)^4 U 4 (1),OL 4 (1), 4 17 (1)o13(1)^ 4E4414^243320 p0.mgycl4x,015,41^ 0346E8^248314 (0401441^ 5209(4^24$

245^ i8y711.6 LUmaC4^ 41PI91N^244

^

4144628^247
Co^JUMP To 61A41 601 NE41 LEVEL^ NERNEN^146_

60 TO 61^ NERNEN^249

^

4016E6^250255^121 oL1U4N^ 0E44E4^251

14u^
614614^aya

^

Istm414^653
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^
Page 7 of 8

aURRUoTINt^14a1RIX(A,N,8.l.,0,^ NATRIA1RRUR) 2
Co.^mAYMIA mTRIAA 3
O.A^36tCIAL^.E.Slo^uf^RATIN.,^1.0*^.Edmsx^OECONVULUIIONm moNIx 4

mATM1X 5
S C6.^A^IA^AN^NIN mATR1A^YU dE^INTEM1E0,^uR LONTAINING EQUATION LOtP^mATAEA 6

16.^6^14^AN^Ng. Hily^MATRIX^Fog^ERUATIO1*5^ NATRIA
CA.^IF^LAP,IN9t0SE^ONLY^619t74.L. 80211128,80LuT1048 040.1.^NEDAT IvE^mATRIX

7
e

C..^ s6078.^m.AsrL).
Le'^0 CONTAINS IRE DE TtRmINANT OF^Imt^A MATRIX ON EXIT^::141:

9
IS

10 C..^A^Is wsALACED OT^THE^174VE1*3E^Oi 07^Tmc^SOCQ TION 4 .
C..^NETNUD OP^NAUSS-JUmOON vivutAt.^ELImImAlIum

mewl);
mArmiz

11
12
IJ

IS

u1f, ENXII,m^,105111.11,1V1.(11),ImiJI11,2/A(11^1)

mAiAb5(L)

1:: T4 1:

::17:11:

1 11
15
16

u.I.4 mATRIX 17
up^14^1.I. m 18

Id^Ivf.(11•0
'74iTlii

19

AS .0^2.2.^1.1, 1.
^ 2.2 ::141:

mATNIX

29
21
22
aa

MC.^5LARL^3u46MAT914^FOi.^LARGEST^LL E LL NT^AS PIVOT
oD^40^J.I,R

mATNIX
mATRIX

24
25

AS IftIm1.1J))^70,20.90
id^uu^57^AAI.R ::741:

lb
iT

IFLIsIy(A).1)^J0,54,70
:AATT:11:

28
89

30
IAC.^14'15^40.^CULUM^HAS^NOT^O1EN^4^9 160

JO^I7IA63^(A(J,4I)6AMAI)^ss,ssois
MAYMIA JO

31
4*, 1RURAJ T9:1:::

mAtmIX
38
33

21::OX^(A(.1. 1q) MATRIX 34

35
Se^C0.6111.0E
Ad COmIlmut

MA1611
HATM1A

35
36

C.^R1.01^fOum U
maTmlii
mATRIA

37
34

IPAvE1C00.1 4 1.(/COL).1
::I.TVIKA

39

as
I.LAm.A.1..90^)^7E,78,400

C.^MATRIX^SINRULAR,E4Rok^RETON
7.^IRRORAI

mEIUSON

mAIRIA
MATRIX
MATRIX

::41:

40
41
42
41
44
45

AS 80^011R0.1.1CuL)^90,130,90 MATRIX
mATAIX

46 
47

C.^KANE^mivuT A DIAGONAL ELEmENT^ST ROW^ImIsmcmAMit • KAMA 411
917^PA■0 mATRIA 49

00^lee A.I.N mATRIA 50
SO ^ (1404,4) 44701X 3 1

A(IR0R,4).A(ICUL,K)
106^4(4C61,4).4944 msfotts

::::::

Si
53

IR^(RI^130030,110 MAT61R 54
III^O0^1111^4.1,4 SS

SS ^stimio,R) MATRIX Ss
s(aecis,^)es(Icw.,e)

las s(icoL,e)esmas =I:
fl
SA

134^N0(^1). 109
lid1(1.1)91COL

moult S9
641

64 APAXGA(IEOLdlE01.)
D.UGAMAX
AtICOL,ICOL)410

F:TTIiii
mAimIlt

61
•0
63
64

Co^DIVIDE PIVOT Rpm 71V PIVOT :: 17:11: 65
65 PO^14N^14.1,m mATAIA 66

(44^A(IC01.,A).A(ICOL,4)iAmAX mATRIA 47
17(4)^o s,198,1,1

ISO^DO^164^A.1,01
1411^2(ACOL,4).S(ICO1.,4)/AMAX

mATOIX
mOkix
mATR1A

68
69
Id

71
::77111:

71
Ce^luck= MOM.PIVOT *Oda

mATNIX
72

175 00 aaa 4.10 73
IFIJAICOL)^ifie,888,1se

1:::741
74

I$e AmAX.A(.1,1COG) 75
71 A(J,IC014.4.4 mATAll 76

DO 11.11 .10 MATH1X 77

II

AMS A(J,,AA(J01194(1COL,A).AmAl
'rim)^lap,amase

2411^DO^21$^8 0 101
all^d(J,A).11(.10).0(1COL,A).AmAX

MATRIX
mATRIA
mATMIX
MATRIX

711
79
OS
81

ite COhTleut MATRIX 50
aS

C.^seTas^N^PIVOTAL.^00MOENAATIONS,606UTIONS^LIE^14^II^mATRIA : A:4i: 84

GI
17(1.) a3s,amare

::141;
85
86

Cl^Fop INvERSt OF A,^1mTERCmANGE COLUmm$
:AATT:11:

47
430 DO ace 1.10 48

J...1.1 49
IFIINDIJ,11-1mD(.1,2))^8961,89,,ass

::::::

92
91) 244^IRD.f.IMD1.1,1, 91

ICOL.IRD(J,2)

111:!AAAYTT:

IA
92

00^ass^641,6 RATR 93
AMAX.A(R,1904) 94
A(4,1 , 04)4A14,1C1L1 95

95 ass mATMIl

nAY;AATT11;

96
268 L0 4 11408

sc8.1c0L).emes

2111^ARMORA$

!!
1114 msiumm

77 :

II

1A4:

TR"A:
MA TRIX

I
101
I

gloy mAYmIx 105

I

1

I
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Coo. MTDERva mrotAvs
C. . TNI3 SuONUuTINt COMPUTES NORIZUNTAL DERIVATIVES FUN MTDERV3 5
L.. EQUI.SPiCAV POTENTIAL GAT* NTOLF143

NTOERyS 7
Coo TN^ARoAT^ON NNIEN NURIEUNTAL UENIVATIVED ARE LiLEULATED .1001/8 a
Coo DAM^mONILONTAL^OtQLVATIVt^ANW&Y aToEwv$
Leo UT^•^DATA^UNIT^( ^EQUAL^TO^1.6) NTDORYS IR

I i^Cfto - NuNdLIT^OP^STARTING DATA POINT^(USUALLY^1) NTOERTS 11
C.. MOD . Numwo 00^ENO UAIA PuINT^(uSuALLY NPUINTS) NTOERTS 12

NTOARTS 13
P3 30P.^T 4 (1),0A4(1) NNERYS 14

NTOERTS 15
15 .....SL*2 NTOERYS 16

mIDERYS 17
wiutRyb 14

Co CONPuTt NONI/ONTAL otiliveins .10I11/8 1,
MIOLRY6 as

20^C. POI ^PINS!^POINT MTOERv$ Al
ux.(.61.).(1.0.0.1).T.(a.L:),OT NTURV3 Al

NTDIRV3 23
Co FOR aLCONO POINT aTUt..6 24

usm(NSLY1)^o(o 14 (NSL)/3..TM(NSLY1)/2.olm(N110, 2)41m(NSLY3)/6.)OuT NNERVII 25
25 NIOERY3 26

C. FOR SELOND LAST^POINT NTOLNYS Al
vAN(NSu 4 1) 4 (■Tm(N3U 4 3)/3.4TmEN5U421/2.47M(NSuo1)4TM(N5U)/6.)/DT NTDERTI 26

NTOLITYS 29
Co Foy^LAST^PuINT wTOWRVI J6

30 vAo(Nsu)4(1 4 (Nsu)414 (NSu-1))/OT ATOEN*6 31
mTOEWV$ 32

C. FOP.^ILL^INIERNAL^P01.71. NtOksyS 33
INNDN,NDS NTOERN0 36

WX.TN(I.41/11..a..TM( 1-1113..7 6 (1.2)/604../N1I$11/3. NTDERVI 35
35^ 10 LIN(1).0[J(200T) NtOER.3 36

mIOERvil 37
NtIURN mT001.$ 36

wiDE11.6 39
tood 410101411 46

SuP1001m5 Mope!^76F7.^OPT.:^ ITN 1.6.431^IS/SA/l7 1606.566

suonouTimt UPCONT(N000190NOT E1(.01160.6o),^ UPCONT
^WONT^5

COO'^uPOONT^ UOCuN1^•
C•ii^THIS SuSIOUTINE UPLAND CONTINU E S EQUI.SPAcgo poTiNTIAL DATA^UPCONt^S^1^ u0CuNt^•CO*^NOC • LIABT14 Of UPNAND CONTINUATION FILTics 7
CO*^ON . INPUT DATA ARRAY^

UPCONT

e**^
ocomt

TN . UPWARD CONTINUATION MAT I
C.*^DT • DATA UNIT (ALWAYS EQUAL TO 1.1)^ ist=: Tt^IS^c..^IL • 1111iNT OP UPwARD CONTINoATIDN UPCONT^11
C.*^Nu . mutat' OF 88888 1Ns DATA POINT 

^

uPCONt^12Ce.^Nitu . Numilte OF IIND DATA POINT"13USCON1
IS

IO WDIMENSION COS,DMCIN(I)^ IS
^IS^ oAl. (imi.f. • 1.65-1).(ri • J.I4 RRRRR )^ UPCUN1

tIMI
:6. 
I/

NC • (NOC.1)f5^
UPOUNT

^

uPCUNT^18
WORM • I..^ UPCUNT^16

Al^80^Ca^'^ IF No uP.ARD CONTINUATION, SIT COUPE ROuAL TO :^
uPCONT

^UPCONT^Al
IF (IL.4T.^ .6NO.NOC.8T.1) 00 TO IR^UPCuNT^Al
C(1/ • 1.8 13
ANURN • 1.6^ 24SO TO 36^

UPCUPO
^:::::: ^is^55^ 26

O wC.^comPL cos OF oPNARD CONTINUATION^ UPCONT^21
10 110 . 111 1.! • 100C^

uPcNNt

AS

pl. • 01*11■11^

UPC091

^

WPCuNi^Al
^UPCONI^38^55^ CCII)_..,Iis(ri•C50.11..01.0010) 31UPCUNI

^

UPCONT^32
CA^NORMALIZATION CON TTTTT 33UOCONT

INN!,' • 'mom! • c(2I)^ Ocumr^34
to CDM5INta^ Ocomi^3525 36

Co^CONVOLUTION 01 DATA WITH UPWARO CONTINUATION ANNA!^
UPCON:

37
35 DO Ss I • NsL,Nsu^

uPCoNt
31I

Sum I go'
(10Jo As^• 1,NOC^

t$PInt^Al
upciAt 40

^41I^ PM • 104 ,61•NC 41
*Um • SUN • Dm(Noo)•Cm/ooloos^ IA

411 CONTINUE^

UPCONT

43
lm}i) • sum^

=::

^

Ocum1^44

^

SS CO N TINUE UPCUMT^4541 

^

UPCUNt^IS*Stull'^ UPGuat^Al

Pik'^
uPCuNt^.4

^

uPLoNt^..

I,ecord No 1977/50
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