copl) &3

Bl PUSLICATIONS COMPACTIUS
- (LENDING SECTION)

DEPARTMENT OF
NATIONAL RESOURCES

BUREAU OF MINERAL RESOURCES,
GEOLOGY AND GEOPHYSICS

:;\\ , .
’.ﬁ\é . P

4
. o g
‘\1"4{!:.;-— »

R ey 5
P Lol

1977/50

000454
A MAGNETIC INTERPRETATION PROGRAM

BASED ON WERNER DECONVOLUTION

H.D, HSU end L.A, TILBORY

The information contained in this report has been obtained by the Department of National Resources
as part of the policy of the Australian Government to assist in the exploration and development of
resources. It may not be published in any form or used in a company prospectus or statement
the permission in writing of the Director, Bureau of Mineral Resources, Geology and Geophysics.

BMR
Record
1977/50

c.3



1977/50

A MAGNETIC INTERPRETATION PROGRAM

BASED ON WERNER DECONVOLUTION

H.D. HSU and L.A. TILBORY



1.
2.
3.
4.
De
6o

CONTENTS
Page
SUMMARY 2
INTRODUCTION 3
PROGRAM MAGINVT 4
THEORY 6
DESCRIPTION OF SUBROUTINE WERNER 10
APPLICATIONS 14
REFERENCES - 19

Tabless:

1.
2.

Figures:

1.
2.
3.
4.
5

6 ® .

Te
8.

APPENDIX A: PROGRAM LISTING

Table of interpretation parameters
Summary of equations relating the parameters

Outline of processing flow for Wernmer deconvolution program.
Projection of data onto baseline,

Flow chart for subroutine WERNER (PART 1 & 2).

Depth estimates for a rectangular body at 300 magnetic latitude,
Depth estimates for a rectangular body at 60° magnetic latitude.
Vepth estimates for Aero Service example - interface model,
Depth estimates for Aero Service example - thin-sheet model.

Depth estimates for a profile across the southern margin of
Australia.



” ==

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 CYBER 76 system at CSIRO's Division of Computing Reseaxrch.
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1. INTRODUCTION

A computer progrem has been developed for quantitative inter-
pretations of magnetic data. The proceas of interpretation involves
analyses of magnetic data to provide information on the source of an
anomaly. It was programmed in FORTBAN IV and applied successfully to
both theoretical and observed marine magnetic data using the CYBER 76
computer at CSIRO's 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, 19533 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 i1s designed to
retrieve magnetic data frpm'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

gources in the line of traverse.

The interpretation procedure is performed by a generalised
routine (WERNER) described in Chapter 4. The routine can asccept 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 Wernmer 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 progrem 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 requireds 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.,

3
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The interpretation program presented in this report is only a
preliminary version, and several improvements are envisaged. 1Instead 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' estimates.

2. PROGRAM MAGINVT

This program uses the technique of Wermer 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 oconsequently
muach of the program is designed specifically for the Marine Group!s process-—
ing systems 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 diurmal can
be extracted at specified intervals., Marine data files store the basic
information in survey time: 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 fléxibility 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 progrem 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
vhich time the processing flow jumps beck to the start of the program ready

to read another model type or new data file.

, TR S5 S0 Oh SA AP AN B AN G B0 B0 BN OF B US o o -.n N



' v

Se

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 the thin-sheet model, the regional constant is subtracted from the corrected
magnetic data and the resulting array is passed to subroutine WERNER. = 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 WERNER 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)e 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,

Explanation 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.
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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 Wermer 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 Marine 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 (Fige. 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



AN
N
o N
N
N
g A
N
N
N
\ #IG-MOOO\O
N
Trend of N
magnetic m
body _ AN
N
N
N
N

N 16-401800
N

POSITION |

16-401200

PROJECTION OF DATA ONTO

Recora  No. 1977 /50

FIG. 2 '
POSITION 2 l

N
) i
BASELINE '
G465-39A l

)



Te

(x) = Ah + B(x—xo)
2

eenreeene (1)

(x—xo)2 +h

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, 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 Barth'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 megnetic interference (back-
ground). The magnetic field intensity arising from such a model has the

following mathematical expression

2(x) = BB+ By(x=x;) | Aohy + By(x=x,) + (a, + a.x + a2x2) cerees  (2)
2 5 5 2
(x-x4) + h, (x-xz) + h,

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,
B1. Xq9 h1, and A2, B2, X5 h2 correspond to A, B, X, 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 Equétion (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-
pretatione Altogether there are eleven unknowns in the equation, viz,. A1,
B1, Xq9 h1, A2, Bz, X5 h2, 8y 849 and ane 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, ‘ \ O
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Equation (2) can be linearised into the following form
xr = 0,01 + 0 X1 4 CoXT + C,T + c5x2 + Cgx + Co + O + c9x4
+ C10x5 + 011x6 23 HEBRE A EE RS (3)
where C1 = 2x1 + 2x2
¢, = ? -y - axx
C3 = 2x1w22 + 2xéw12
LY
05 = A1h1 + A2h2 - Byxy = Byx, = 2B1x2 - 232x1 - Coa, + 0331 - C4a2
Cg = B1W22 + Béw12 + 2x1x2(B1 + 32) - 2A4h,x, = 2A.h,x, - €58, = Cy8, (4)
c, = a,? + W, ® = Bxwn® - B e A%
C8 = B1 + B2 - C1a° - 0231 - 03a2
C9 =a - C1a.1 - 02a2
Cio =% 7%
€11 =2
w12 = x12 + h12
w22 = x22 + h22

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

B = A7 wrseemnrnse (5)

To solve for C, we have to compute the inverse of matrix A o
If matrix A is not singular or ill-conditioned, solution arraey 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 8,1 84y and a, are relatively simple to determine as
follows

= Cyy

=C

)
|

10 * €4Cqq
8, =Cg+ c1(c10 + 01011) + C,Cq4

il
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To determine Xq9 X5y h1, and h2, we simply use the equations

2x1 + 2x2 £ C1
2 2
- w1 - w2 - 4x1x2 = 02
2x W B + 2x.W 2 = C
172 2°1 3
2. 2
- w1 W2 = C4
2 2 2
where w1 = x1 + h1
2 2 2
Wym = Xy By

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

equation in terms of X4

P(xy) = y - [02(01 - 2x,) + 2x,(C, - 2x1)2 + 03] [202x1,+ 2112(01 - 2%,) + 05]
- 30, (4%, - ¢,)° (5)

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

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

determined, then

X, = 3Cq = X
2
w,o = x1(C2 + 4x1x2) + écB
x, = X,
.
WO = x,(C, + 4x,x,) + 1303
Xy = X,
2 2
Thus, h, = (w1 - x, )é
2 2
and  h, = (W," - x, )%

With the solutions for ayr 249 859 X4y h1, X5 and h2, we can
determine A1, B1, A2, and 32 by & 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. X4 h1, A1, and B1 and X5 h2, A2, 32. The A and B are
more usefully expressed in the forms of intensity of magnetisation as (A2 + Bz)%
and angle of magnetisation as Arctan (4/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—xo) R (6)

(x-xo)2 + b

where X, 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 Barth'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.
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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 (ILVL)

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) The height of upward 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.
limit
LVL INV DLC Duc ZL
1 1 0.0 4.5 ' 10
2 2 1.0 9.0 20
3 4 2.7 18.0 40
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)

DIC = (LVi~1) * INV/LVL
DUC = 4.5 * INV
ZL = 1INV except LVL =1, ZL =0

Window length

10 * INV

Driving instructions

(1) Set up fhe 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 (IVF & LVS), and
also the scanning step (ISTEP) (Refer to Chapter 2).



(3)

(4)

(5)

(6)

(7)

(1)
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Call SUBROUTINE WERNER (DATA, UPDATA, NPOINTS, TRUEDIS, POSAVE, ISTEP,
LVF, LVS, P0S, 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

permenent file or magnetic tape in the main program.

Note that the asize of arraye DATA, UPDATA, POS, 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.

Bach set of POS (I), DEP(I), SS(I), and AS(I) holds the results for an

interpreted source.
BExplanation of the formal parameters in the subroutine call,

DATA is the input magnetic data array;

UPDATA is the upward continued data array;

NPOINTS is the total number of data points on that profile;
TRUEDIS is the true distance of data spacings;

POSAVE is the true position of the first data points;

ISTEP is the scanning step;

LVF defines the lower limit of level of interpretation;

LVS defines the upper limit of level of interpretation;

POS 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

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;

UFDATA is the upward continued data array;

DT is the data spacing (always set = 1.0)3

ZL is the height of upward continustions

NC is the first data point to be upward continuedj

NLT is the last data point.
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(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;
JRR = 1 matrix is singular

= O matrix has inverse,

Input/output files

The only file used in this routine is LUNSCR, Por 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 6n a different scratch file in the main program.

Error messages

WHHaHHN0Ee 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 \q
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presented, the estimates are plotted as & vertical section showing the anomaly
profile and the outline of the causative bedies, Estimates are plotied 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 interpreter's
discretion, and in general a variety will be required to obtain the maximum
benefit fromthe 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 asgsumed in both cases, The difference
between them is that the body is situated at different magnetic latitudes, namely
at inclinations of 300 and 60° 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 magnétic

inversion methods). Note that outliers occur in both figures even though we
(B,
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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, 60° inclination,
and 60,000 nT total field.

Figure 6 displays the results using the interface model option in
the Wermer 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, ere under-estimateds 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,

a4 %
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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 132040', 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. 1In 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

o
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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.

1
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Ces
Cen
Cen
Ceo
Cra
Coe
Con

Con

Ce

Ce
Ce

Ce

i
20
3e

S¢

.44

8
9%

PROGRAM MAGINVY 16/7¢ uPTey FIN 4,6¢439

PRUGRAM MAGINVTY(TAPEL@, TAPEL, TAPESH, INPUT, TAPEGSRINPUT,QUTFUT)

NAGINYY
THIS PROGRAM PERFORME. A wERNER DECUNVOLUYTION TECANIGUE DN
MAGNETIC DATA TO PROYIDE MAGNETIC OEPTH ESTINATES
MODEL ADOPTED IS A DOUBLE SOURGE™OM A QUADRATIC aacusnuuno
TWO MWOOELS ARE AVAILABLE o

(1) THIN SHEETS « ORIGINAL DATA USED IN ANALYSIS

(2) INTERFPALES « HORIZONTAL DERIVATIVES USED IN ANALYSS

AUTHORS 1 i, TILBURY AND D, HSU

VINENSION ARRAY (12000),LABEL (8),METHOD(2)
OIMENSION UPDATAL28 Pol(llll),D(P(Il.l),ll(llll)»Al(l'll)
COMMON/REG/ DATAMAG(2
CONMON/SASLINE/ 8THY,STNZ, lLAT;,nLONex,lgATa,ILnﬁia
COMMON/LUN/ MTIN,NTOUT, nracn,LuNlcu.Cunooc,;unaAv:,Luuvuor
DATA (WTIN » 1),("1007 2718), (LUNSCR ' 39)

READ INPUT MAGNETIC DATA LABEL,LOCATE - IF NOTY PDUND STOP
REWIND ATIN
READ 28, LABEL
FONMAT (8A1S)
IF (EOF(e0)) 199,32
CALL LOORUP (LABEL,MTIN,1,1,NFLAG)
IF (NFLAG.EO,1) CALL ABURY

READ MUDEL TYPE « »INTERFACE oR «THIN SHEET
NTYPE & @ ’
REAC 5@, METROU
FORAMAT(2410)
1F7(EOF (60)) 190,60
LF (METMODEQ, @HeINTERFACE) NTYPE 8 §

LF (METHUD,EQ, 1OHeTHIN SHEE) NYYPE s 2

IF (NTYPE,GT,8) GO TO 8@

PRUNT 70,METHOO

FPORMAT (19X,10(1Me), o INCORRECT CALLING SEQUENCE « CARD READw,
1 24, 1Me,AL1Q,1Ne)

CALL ABORT

READ START AND STOP LEVELS(LVF,LVS),SCANNING STEP(I8TEP),
EXTRACTION INCREMENT(INC),MAGNETIC REGLUNAL (CONST)

READ 98, LVF,LVvS,ISTEP,INC,CONST

PunnAt(lllﬂaflﬁnhi

IF (ISTEP,LE,B) LISTEP s 2

READ BASEt LINE DATa = JF EOF CHECK FOR NEXT MODEL

IFU NEAD 118, D'Nl.l'NZ,LlYDX,lLAVNl,LﬁﬂﬁOll*LDNG'l;

LATOZ,RLATHZ, LONGO2, RLONGHZ, LINE

1 'UN-‘V("I' 3, 8018,P0, 27,310

1

Ce

1
)

AF (EOF (a8)) 10,120
NLATY = LATDl o RLATAI/60,0

RLUNGRs LONGDRe RLONGM2/

PRINT 130, LABEL,LINE,8TN),8TN2, INC,LYF,LYS, ISTEP,CONST,nETHUO
FONMAT (1ML, /777,100, suERNER DECONYOLUTION FoR FiLt' s L
1 I:\ll,11!(lu-),///,1nl.-oAVA exTrRACtED FOR LINE c,ll.,

TR, P81 ,0,0 AND #,F18,0,7/,

a3
50

3 :lx,.tlvaAcrxou INCREMENT, IS, MINUTESs,/,
4 10X,eLEVELS *, [S,n 10e,13,/,

S 1X,*3CANNING STEP 0 15,7,

6 10X, ¢REGIUNAL CONSTANT  »,F12,8,/,

7 1¥X,eMODEL ABSUMED 2,4X,2A88,/7)

INPUT THEORETICAL MAGNETIC ODATA « IF APPLICABLE
LF C(LABEL(1),NE,LOHTHEORETICA) GO TU 149
Cac lEAonnotannAv NODATA)
60 TQ 10

INPUT MAGNETIC OATA
CALL READATA(ARRAY, INC,NODATA)
ir (NODATA,EQ,1) 6O Yo 100

INTERPOLATE TO REGULAR POSITIONS
CALL -REGULAR (ARRAY, INC)

IF (NTYPE,NE,L1) 6O TO 1e8

COmPUTE NOHllONYAL DEIIVA'IVLI 1F INTExFACE MOUEL REWVIRED
NSTARY = § A4 1,
CALL NTDEavl(oArAuAG,no:nxv.ov NSTART,NPUINTS)

CALCULATE OEPTH ESTIMATES USING wERNER (INTERFACE)
CALL WERNER(MOERIV,UPDATA,NPOINTS, TRUEDIS,POST, ISTEP,LVF,LVS,
1 POS,DEP,$8,A8,LUNSCR)
60 TO 180

SUBTRACT REGIONAL CONSTANT FROM ORIGINAL DATA IF TnIN SHEE!

MOOEL REQUIRED

160 VO 178 [ = 1,NPOINTS

OATAMAG(I) @ DATAMAG(I) =~ CONST

© 179 CONTINUE

CALCULATE DEPTH ('Y!HAYC‘ USING WERNER (THIN SHEETS)
CALL WERNER (DATAMAG,UPDATA,NPOINTS, TRUEDIS,PO8Y, ISTEP,LVF,LYS,
POS,0EP,33,A6, LUNSCR)

OBTAIN TIME ANO POSITIONS FOR OEPTH ESTIMATES (ONLY APPRUX,)

Ce
188 CALL DEPPOS(ARRAY,LINE,METHOD)

Cs

READ NEXT BASE LINE CARD
0 TO 108

198 PRINT 208
200 PORMAT(10%,18(1H8), 2 END OF WERNER DECONVOLUYIONe)

ENp

PROGRAM LISTING

PROGRAM MAGINVT

) MOERIY (2999) ,NPOINTS,NTOTAL, TRUEDIS,POSL

Al@,ine,
BETWEEN

MAGINYVY
MAGLINYY
MAGINVT
MAGINYT
RAGINVY
HAGINVT
MAGINYY
MABYNVT
MAGINYY
MAGINYY
MAGINVT
MAGINVY
MAGINVY
MAGINVTY
MAGINVT
MAGINYT
MAGINYT
MABINVT
BAGINVTY
HABINVY
MAGINYY
MABINVT
MAGINVT
MAGINYVY
BAGINYT
MAGINVTY
MAGINYT
MAGINYTY
MAGINVY
MAGINYT
MAGINYT
MAGINVT
MAGINVT
MAGINVT
MAGINVT
MAGINVY
MAGINVT
MAGINVT
MAGINYT
MAGINVTY
MAGINVT
MAGINYVT
NAGINVTY
MAGINVT
MAGINVT
MAGINYT
MAGINYT
MAGINVT
MAGINYY
MASLNYTY
RAGINVY
MAGINYT
RAGINVY
MAGINVY
MAGINVTY
MAGINVT
MAGINVY

T RAGINYY

RAGINVTY
MAGINYVT
MAGLINYT
MAGINVT
MALINYT
MAGINYVT
MAGINYT
MAGINVT
MAGINVT
MALLINYTY
MAGINYT
MAGINVY
MAGINVT
MAGLINYT
MAGINYY
MAGINVT
MAGINVT
MAGINYTY
MAGINYT
MAGINYT
MAGINVY
MAGINYVT
MAGINVY
MAGINYT
MAGINYT
MAGINVY
MAGINYT
MAGINVY
MAGINVT
MAGINVTY
MAGINYT
MAGINVT
MAGINVY
MALINYT
MAGINYT
MAGINYT
MAGINVT
MAGINVTY
MAGINYT
MAGINVT
MAGINYT
MAGINYT
MAGINVY
MAGINVTY
MAGINYY
MAGINYT
MAGINVT
MAGLINYT
MAGINVTY
MAGINYT
MAGINVY
MAGINYT
MAGINVT

o
BOGP VO NSO WUN
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19

20

23

39

35

a3

53

(1}

e

1%

"

(4]

Ce
Ce

Ce

28
L1 ]

.
se

Te

120

SUBROUTINE READAIA T8/ oPTmy PIN 4,00439

SUSACUTINE READATA[ARRAY, JNC,NODATA)

READATA

THIS RUUTINE INPUTS OATA FROM BTANOARD PHASE TwO TAPRS aND
SAVES TIME,POSITION,MAGNETIC ANC SATHYWMETRIC DATA BETWLEN
TeO 3PECIFIED YIMED

ARRAY « ARRAY CONTAINING BASIC OATA
INC e EXTRACTION ENCREMENT
NODATA= BET YO 1 IF NO DATA FOUND

ARRAY(1,N) = TIME
. ARRAY(2,N) = LATITYDL

ARRAY(3,N) = LONGITUDE

ARRAY(a,N) « MAGNETICSE

ARRAY(S,N) o PROJECTED DISTANCE (KMB)FROM BASE POINT

ARRAY (pyN) = WATER DEPTH

UIMENSION STURE(32,6Q),AKRAY(4,))

1s/70%/77

_ __READAYA 32
i‘lbl A

READATA
LITTTL)
READATA
READATA
READATA
READATA
REAQATA
REAOATA
READATA
READATA
READATA
READATA
READATA
ReADAtA
READATA
reapata
READATA

COMMON/REG/ UATAMAG(2688),KOERIV(2288) ,NPOINTS, NTOTAL, TAUEDLS,PO3] READATA

COMMON/BABLINE/ STN],STNZ,RLATL, HLUNBY,RLAT2,RLONGE
COMMON/LUN/ MTIN,MTOUT, MTSCR, LUNSCH, LUNODDC, LUNBAYE, LUNPLOT
DAlA (FIVESEC ® 5,0Ee8),(DUBIOUS & §,0L9), (UNKNORN o 1,0L18)
vala (NBTART e @) ’

COMPYTE PAKAMETERS FUR PROJECTION OF DaATa ONTO BASE LINE
XKMS s 111,12 8 RADIAN a 87.295719S
AYLAT & (RLATI4RLAT2)/2,.0
ALFMA ® COI(AYLAT/RADIAN)
ANTS o (NLAT2<RLAT1)eXRNMS
AE o (MLONG2=RLONG]|)eALPRASYKMS
THETA 8 ATANZ (XN, XE) )
CDaRpY & CUI(TRETA) 3 SINROT = B N(THETA)

(L ¥ 3 LI T

AQOUNT s NODATE » ¢

NENROR ® @

ISIART = 3TN} s T3T0P = STNZ

IF (NSTARY _GT,9) GO TO 50

oUPPER IN (MTIN,1) (BIDRE(1,1),8TUREIL,N))

IFT(UNIT(MTIN)) «2,90 , 29

PRINT 30, STOURE(1,1),8TUNE(L,N)
FORMAT(/, 180,101 e}, 1dx,sPARLITY EXRUR BTutine,fil,0,)04N0 o,
1 Fi1,8)

SX1P BLOCK IF QUTSIDE REGQUIRED TIMES
NSTARY & |
1FTCVRTANT 6T STURE(1,#) P IVEBEL) &u 10 19
LF (TBTOP,LT B10KE(Y,1)~F1VESEC) &0 Tu 90

LOUP TRROUWM BLOCK EXTRACYING VALUES AT NORINATED INLREMENT
3xiP INDIVIOUAL POINTS 1P OUTSLOL REQUINED TiAE
wU 89 3 % J,08, I
IF (TOVANT GT,oTORE(},J)ePivEREC) &L 10 80
1P (TST0P LY STONE(L,J)eFIVEREC) &0 TO o9
1P (RDUNT 6L, 2008) &0 T 308 i
w{d 17 MATIon favia 1T vimnbun
1P (BYORE(2V,J),67,0u8I0u8) €0 TO 80
PLACE REQULRED PARAMETERS IR “ARRAY’
ROUNT @ KOyNTeg
ARRAY (1, %0UNT) & STORE(Y,J)
ARMAY (2,80UNT) & STORE(RT,J)
ARRAY(3,KO0UNT) » STORE(28,J)
ARNAY (5,K0UNT) © BTORE(12,J)

BUBTHACT DIURNAL PROM mAGNRTIC vaLut
IF (BTCRE(18,J),LT,0UBIOUS AND, STORE(33,J3,LT,0UBIOUS) &0 Tu ol
ARNAY (4, ROQUNT) » UNKNOWN
N!!.D. s NERROW o §
«0 10 78
KR®AY(q,KDUNT) ©® BTORE(14,J) « STORE(13,J)

CALCULATE DISTANCE ALONG BABE LINE IN KN}
E 8 (STORE(28,J) = RLONG1)wALPHA
Y s «(8T0RE(27,J) = RLATI)
X% o XeCOBROT ¢ YaRINRDY
YY & «xe3INRQY & YaCOSROT
ARRAY (3,KOUNT) & XXaXKMB

CONTINUE
o0 TO 19

RETURN NOOATA £QuAL TO | IF NO DATA FOUND
IF (ROUNT,tG,8) WOODATA & 3

NTUTAL e ROUNT
I1F (NODATA EQ,8) PRINT 119, NTOTAL

READATA
READATA
READATA
READALA
READATA
READATA
READATA
REAQATA
READAtA
READATA
REAUATA
ReADATA
REAUATA
READATA
READAtA
READATA
REAVATA
READATA
REAUATA
REAVATA
READATA
READATA
READATA
READATA
REACATA
READATA
READATA
REAQATA
Reapata
READATA
Reavata
READATA
feapata
READATA
READATA
READATA
REAQATA
Wagava
npaoata
ngavata
ALapala
READATA
Rpaoala
Rpavata
Reavata
KeAUAYA
ReADATA
REAUATA
HEADATA
REAVATA
READATA
e a0ata
AcadAla
REAUATA
READATA
npapala
Reavals
READATA
READATA
ReAvata
weavata
REAUATA
READATA
REAUATA
REApata
REAUATA
weadala
REAVATA
REapala

FORMAT(10X,10(118),10K,aTOTAL GFe,118,a RECORUS SAVED IN WEADATA» REAQAIA

| YRS

IF (MERROR,GT,8) PRINT 120, NERROR
PORMAT (38K, 1D (1Ne), 101, sTOTAL NUMBER OF YNKNOWN VALUEB®,118,/7)

RETURN

o

SUBROUTINE READATA

REaDATA
Reavata
ReapAla
REAOATA
REAQATA
READALa
READATA
Reapata

16,06,3%08

B® 4T WS
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38
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Con
Con

Cen
Cre
Lo
Cea
Con
Cas
Cas
Con

Ce
Ca

Ce

T6/78  OPTey FTN a,60439 15/09/17
SUBRQUTINE REGULAR(ARRAY, INC) REGUL AR
REGULAR
. REGUL AR REBUL AR
THIS BUBROUTINE RESANPLES MAGNETIC DATA AT REGULAK DIBTANCES  REGULAR
REGUL AR
ARRAY = ARRAY CONTAINING BABIC 0ATA REGULAR
INC = EXTRACTION INCREMENY REGUL AK
ARRAY(},N) = TIRE REGULAR
ARRAY(2,N) = LATITUDE REGULAN
ARRAY(3,N) = LONGITUDE REGUL AR
ARRAY (4,N) = MAGNETICS ReGULAR
ARRAY(3,N) = PROJECTED OISTANCEL (&m3)FROM WASE POINT REGUL AK
ARRAY (6, ,N) = MWATER DEPTH REGUL AR
REGULAR
VIMENSION ARRAY(6,1) REGULAR
CORMON/REG/ DATAMAG(2888),HDERTY (2008) NPOINTS, NTOTAL, TRUEU1Y,POBY REGULAR
bala (SMALL o 1,8E=4) REGULAN
RLGUL AR
CALCULATE SAMPLING INCREMENT A3 A FUNCTION OF EXTHACTIUN INC, KEGULAK
DNE RINUTE I8 EQUIVALENT YO @,23 xR (APPROX)™ ' REGULAR
KROUNT = @ REGul AR
SPACE » INCep, 23 AEGULAR
TRUEDIS » BPACE . REGULAR
1P (ARRAY(S, 1) ,6T ARRAY(3,NTOTAL)) BPACE s »8PACE REGULAR
POUN s INT(ARRAY(S3,1)) REGULAK
PO31 = POBN REGULAN
REGULAR
LOOP THROUGH TOTAL NUMBER OF DATA YALUES, INTERPOLATE YALUES  REGULAR
AT REGULAR DISTANCES REGULAR
VO Te 1 & 2,NTOTAL REGUL AN
ReGUL AR
19 JF (BPACE,GT,0,8) 60 70 29 REGULAR
‘ INTERPULATION TEST FOR OECREASING QL4TANCES REGULAR
IF (POSN,GY ARRAY(S,I=1)) GO TO &8 REGULAR
IP (POSN,LY ARRAY(S,1)) &0 10 10 REbULAN
£0 Y0 38 REGULAR
INTENPOLATION TRST POR INCREASING DISTANCES REGUL AR
20 17 (POSR,LY,ARRAY(S,l=3)) GO TD o8 ~ ° ’ REGULAR
IF (POBN,GT ARRAY(S,I)) GO YO TR REGUL Ak
REGULAR
38 ROUNT o KOUNT ¢ | REGULAR
OX s ARRAY(S,I) o ARRAY(3,1e}) REGULAR
LF (OX,6T,8MALL) 6D TO &8 REGUL AR
FRACTN = 0,0 REGULAR
50 10 30 REGULAR
ag FRACTN s (POBN = ARRAY(9,101))/DX REGULAK
SO DAIAMAG(KOUNT) o ARAAY (8,0e]) !RlCYNn(Alnlyll,l)OAllA'(l,l'l)) REGULAR
: REGULAR
68 POBN o POIN o BPACE REGUL AR
6070 18 ) REGULAN
REGUL AR
79 COnTINUE ALEULAN
REGULAR
SAVE AND PRINT NUMBER OF INTERPOLATED POINTS RESuLan
NPUINTS ® ROUNT REBULAR
PRINT B , NPOINTR AEBOLAR
80 POMMAT (18K, 18(IN8),10%,0T0TAL OF ¢, 18,0 RECORDS INTERPOLATLDe,//) ALGUL AR
REGULAR
nE i yRN ALGULAR
: REGULAR
(X ™) ' REGUL AR
T6/7% OPTuy PIN a,00439 18/09/17
SUBRQUTINE READMOD(ARRAY,NORATAY . _ . . . o =w ~ —REApHQD
RTADNOD READNOD
;p}l ROUTINE INPYTS A QUFFLRRED BLOCK OF TREORETICAL DATA REAQNOD
RODUCED In mag20 rEabnoo
READNGO
ARRAY o ARRAY CONTAINING DASIC OATA LILYLITY
NODATAe SE! 10 1 IF NO DATA POYNO READMQD
REAUMOD
ARRAY(1,N) o TINE READMUD
ARAAY(2,N) = LATITYDE R ADNOD
ARRAY(3,N) = LONGITUDE READNOD
ARRAY (84,N} = MAGNETICS REAOMUOD
ARRAY(3,N) = PROJECTED DISTANCE (KM3)FROM BABE POINT READHOD
ARRAY (4, N) = WATER DEPTM ' REAUMOD
. READMOD
QIMENSION ARRAY (8,1) REAOMOD
LOMMON/REG/ OATAMAG(2000) ,HDERIV (2088) \NPOINTS,NTOTAL, TRUEVLIS,POSE READMOD
COMMON/BASLINE/ STNY, BTN, ALATL,RLONGY,RLATY, RLONG2 c T AEADMGD
COMMON/LUN/ MTIN, MTOUT ,MTSCR, LUNSCN, LUNDOC,LUNSAVE LUNPLUT REAOMOD
TOMMON/RAG20/ L, bx,xoricln, nkicnt,okVn,0aThce, 1000 = REAONDD
OATA (FIVESEC s 4,0C-8), (DUBIOUS » {,8L9), (UNKNOsN o §,8L10) READNOD
REAQNOD
ROUNT s 8 READMOD
18 SUFFER IN (MTIN,1) (L,DATA(s,)009)) REAUMOD
IF (UNIT(MTIN)) 40,70 ,20 READMOO
28 PRINY 38, llRAV(x,;),A‘lAv(l,L) READMUD
30 FORMAT(/,10%,18(1He), 19X, oPARITY EXROR BETWEEN2,711,6,04ND +, READMOD
17ri1,0) READMUD
READMUD
READNOD
TRANSFER INPUT ARRAY TO WORK AKRAY READMOD
a0 00 o8 2 s 3,L N READMUD
0o S8 I = 1,6 READMOD
ARRAY(1,J) = DATA(I, V) RLADMDD
5@ LONTINUE REAUMUD
o9 LohTInuE HEAOMUY
KOUNT ® | READMUD
READMUD
REAUMOD
RETURN NOCATA EQUAL Y0 1 IF WO DATA POUND REAUNOD
70 IF (ROUNT, EG,8) NODATA & | READNMUD
NTUTAL s KOUNT READMUD
LF (NODATA,EG,8) PRINT 88 , NTOTAL REAUNUD
08 FORMAT(1EX,10(1"8),10x,eTOTAL OPe,[30,« HECORDS SAVED 1IN WEADMOUs READMOD
1 4/ ) READMOD
REAUMOD
REIURN REAOMUD
ReAOMOOD
(L) READMUD

SUBRQUTINE REGULAR

SUBROUTINE READNOD

SUBROUTINES REGULAR AND READMOD

18,090,543

-
NN O0O~NT VPN

13

14,06,3508
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SUBROUTINE DEPPOS 16/70 UPTsey PTIN 8,60439

3

30

33

3%

18

13

~g

9

Record No 1977/50

Coen

Cae
Cee
Cea

[ 1]
Con

Ces
Cee
Cee

Cea
Cee

Ce

20

p1}
43

e
82
%

Ce
109

Ce

Cone

Ce

130

160
198
190
179

SUBROUTINE CEPPOS(ARRAY, LINE,METHOD)

oEPPCS

THIS BUBRUUTINE AISOCIATES BASLC UaTa (TImp ETC) wiTm Ime
CALCULATED DEPTH ESTINAYES BY INTERPOLATING UISTANCES
WITHIN THE BASIC OATA aRRmaY

OAYA I3 ONLY POUND TU The NEAREST mINUTE

ARRAY « ARRAY CONTAINING BASIC OaTa
LINE = OESCRIPTOR FOR | INE

ARRAY (3,N) o TIME

ARRAY(2,§) = LATITUDE

ARRAY(3,N) = LONGITUOE

ARRAY(Q,N) = MAGNMETICY

ARRAY(S,N} = PROJECTED ODISTANCEL (Xm3)PROM bpast POINT
ARRAY(6,N) = WATER DEPTH

VIMENSION ARRAY($,1),LABLL(8),METRUD(2)
LOMMON/REG/ ESTMATE(N,1008) ,NPOINTD,NTUTAL,TRULDLS,POS]
COMMON/LUNY MY TN, MTOUT, M13CR, LUNBCR, LUNDOC, LUNSAVE  LUNPLUT

KEWIND LUNBCR

CONSTRUCT AND QUTPUT FILE LAbEL
CaLL TODAY(IDATE)
ENCODE (89,18,LABLL (1)) LINE,meTnOu, (DATE
FONMAT (oMAGNETIC DEPTH ESTIMATES = LINE s,418,s MUDEL o,3a14)
NRLTE(HTOUT,48) LABEL
PRINT 28, LABEL
FONMAT(//, 30K, 1IN0, 8010, 00)

READ AND OUTPUT SUBFILEL mEADEN
KOURT » 3
NEAD (LUNSCR,88) LABEL
FORMAT (8A10)
AF(EQF (LUNSCR)) 189,50
IP{1OCHEC(LUNICR)) o0,08
wRITE(MTOUT,a8) LABEL
PRINT 29, LABEL

READ ESTIMATELS UP TO EOF « Kt POR UNE LEVEL AT ONE DPFaET
KOUNT & KQUNY ¢ )
READ (LUNSCR,80) (ESTMATE(I,MQuUNT),is],q)
FONMAT(18X,48F15,8)
1F (EOF (LUNSCR)) 180,90
1P (IOCHEC (LUNBTR)) 78,7

WORK OuT DIRECTIUN OF INTERPULATION (UP OW DUNN)
KOUNT @ ROUNT « |
vINECT o 1,0
IF (ARRAY(3,1),6T ,ARRAY(S,NTOTAL)) UVINECT & =) .9
PRINT 119, KQUNT
FONMAT (/7,108 ,aNUHBER OF LBTINATESe,15,/)

SORY CLSTIMATLY INTG INCREASING DISTanCE OMDER
CALL sNAANGE (E8TRATE,4,5UuNT,3,1,50un1)

LOUP TRROQUW® FOR EAC™ ESTINATE, BEARLMINL BABIL DATA axMay
FO% MEARED) vaALUL (ONE DINECTIUN ONLY)
REVERSE INTEMPULATION wONT wONK
181amY o )
v I8 4 s },R0unT
UD le@ 1 = LIBTANT, NYGTAL
IS1ARY u ]
JUMP TO CONRECT LINTEXPQLATION ULHECTION
IF (DIRECY,6T.0.0) 6O YU 329
AP (CATMATE(),J) LT . ARRAY (S, 1)) G0 10 160
0 TO 130
iF (ESTMATE(1,J),GT ARRAY(5,1)} U Ty 160

SET BASIC UMTA VALUEYS FOR ESTIMATES
TINE o ARRAY(L,])
LATD ® ARRAY(2,I)
WLATM & (ARRAY(2,]) « LATD)np0,8
LONGD = ARRAY(3,1)
KLUNGM & (ARRAY(3,]1) = LUNGD)esD,0
wD ® ARRAY(8,1)

SAVE AND PHINY BASIC DATA ANy CBTINATES

WRLITE(MTOUT,14¢0) TIME,LATO,RLATM,LONGD,RLONGH, nD,
(ESTMATE(R,J),ke),d)

PONMAT(F3@,0,2(14,F8,2),M19,0,4F10,2)

PRINT 139, TIME,LATO,RLATM,LONGD,RLONGN, nD, (ESTHATE (X,4),K8],8)

FONMAT (10X,F10,6,2(14,76,2),F10,0,8F10,2)

&0 10 178

CONTEINUE

CONTINUE
CLOSE QUTPUT SUBFILE AND GU TO READ NEXT SEY Or EBTIMATILY
ENUPILE MTLUT
6070 30
AY END OF LINE, CLOSE FILE AND PRINT ME3SAGE
PRINT 199
FORMAT(//,10%,19(3n8),10%,aEND OF POSITION INTLRPOLATIONS,//)
ENVFILE mTOUT
HEVURN

(3.1

SUBROUTINE DEPPOS

15/09/77

CEPPOS
DEPPOS
0EPPOY
OEPPOY
0ePPOS
0eLPPOS
JePPOS
JLPPOa
DEPPOS
OEPPUS
OELPrOS
DEPPOS
0LPPOS
DEPPOS
QEPPCS
otPPOS
OLPPOS
oePPOS
DEPPOS
DEPPOS
VEPPOS
OELPPOS
oLPrOS
DEPPOS
0EPPOS
VEPPOS
DEPPOS
OePPOS
DEPPOS
REPPOS
De#POS
VEPPOS
OcPros
DEPPOS
VEPPOS
DeEPPDS
UEPPOS
CEPPGCS
0ePPOS
Qe PPOS
OLPPOS
VEPPOS
DePPrUS
DEPPOS
oLPPOS
oLPPOS
VEPPUS
DEPPOY
DePPO3
OLPPO3
ocPPUS
DEPPOS
DcPPOY
LTS
OePPOD
LEPPCS
vaPPua
vt Pros
oeeras
DePrUS
VEPPOY
oerrod
2ePPOY
VEPPOS
DEPPOS
OePrOY
oLPPOS
OEPPOS
DEPPOS
DEPPUS
OLPPOS
0EPHOY
VePPOD
OEPFOY
OEPPQS
oePPOS
OLPFOS
OEPPODS
VEPPDY
OePrOY
VEPPOS
VePFOS
DEPPOS
DEPPOS
OEPPDS
[T
OLPPOS
VEPPOS
DEPPOS
DEPPUS
DEPPOS
PEPPOD
DEPPOS
DEPPOY
DEPPOS
VEPPOY
DEPPOS
OEPPOS
DEPPOS
0LPPOs
OePPOS
DEPPOS

14,096,508

DENCABWR
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1
13
28
a3
30
3s
(1)
a3
L1
b1
(1]
(1]
T®
15
L1
83
9
9
130
1e%
110
119

12e

Record N§1977/50

Ce

Ce

C»

o
Te

199

13s

180

SUBRDUTINE wERNER Te/7s OPYsy PTN 4, 00839

BUBROUTINE WERNER(OATA,UPDATA,NPUINTY,  THUEDLS,POSAVE,18TEP,LVF,

L¥8,PUS,UEP,bS, A3, LUNSBCR)

DIMENBION UATA(L),UPDATA(L),POB(1),0LP(L),88(1),48¢(1)
DIRENSION AC11,10),CC10,1),7(38),T8(15),P(101),8C10),FTC10)
OATA (SMALL = 1.8E=4), (Phe ST,29578), (DTs1,8), (NTNes), (NODSS1)

HEmIND LUNSCR
LYLELVF=)

BEY LEVEL OF ANALYSIR , LVL
LVesLYL ey

1F NO WORE LEVEL, BAYE RESULTSe IKEN RETURN
IF(LYL,GT,LYE) RETURN

SET SamMPLE INTERVAL

LYSLYL =i
InvegaelV
DLEsLYRINY/LYL
Alhag
NOLE (INVel)ewe] § ANCe(INVep)e)e}
13113
NLTSNPOINTS=NCed

T SET WElGWT OF UPWARD CONTINUATION
ILelny 8 IP(LVL,Eu,1) TLed,

CALL UPCONT 10 UPWARU CONTINUE DATA
CALL UPCONT(NOC,0ATA,UPDATA,DT,2L,NC,NLT)

N8P0 § JNeaISTLP
SNIFT SAMPLE ARRAY ACRUSs PROPILE
JNEJINSIBTEP
RXONCEeIN
NLohXeINVegO
IFANL BT NLT) 60 TO 280
SakeLE PROFILE
V0 38 Jei,1}
dIsNXe(Jel)eINY
1(J) = UPDATA(JY)
CoNTINUVE
GENERATE ELEMENTS IN LINEAR EQUATION mATRIX
00 T 11,11
KeleNTH
18(8)eY(])
18(3)eT(1)ex
18(2

1847)04,
f8(0)uxen}
18{9)snaes
10(18)073(9)0x
T8l31)0Th(10)ex
Cli 1)eTa(l)nx
00 o8 Jel,i}
ACLyd)eT(d)
CLonTinye

Nely § Lei

CALL MATHIX TO OBTAIN BOLUTIONB(IN C)
CALL MATRIN(A,N,C,L,0E7,18R)
IF(IRR EQ,1) 60 YO 48
conruvg THE COEFFICIENTS Of QUADRATIC INTERFERENCE
B6dneC(11)
Beie=C(10)~C(13)eC(1)
URwnsC (9)e8610CC1)=C(11)2C(2)

BOLYE UNANOWNS FOR ONE OR TWO SOURCES =~ PUSITION = DePTH
C(1)sC(1)00,S
Cle)mac(2)
C(3)s C(3)00,5
Cla)seC(a)

SOLVE X BY SEARCWING FOR 2ERO-CROBING OF P(X),
00 99 1e21,83 E
ASg,in(1eNOD)
oL (1) =X
waL(2)aYed ex0TeveC(])
y-g(z)-x- oXaXeYSC ()
vsL(a)a(X=Y)a(XeY) !

P{l) » UsVam :ﬁ‘.

LONTINUE
MRep E
us t1p Ie21,8) U
iPLP(]),EG,2,0) GO TOD 3109 : !
FReP{]e1)eP(]1) E

IFLFR,GE,D,0) U TO 1180 il
MRSMRG L I8
S(MR)#P,10(1=NuD)=2,1eP(L1)/(P(1*3)=P(1}) 5
LO~TINU¢ //

IF NU SOLUTION UF POLYNOMIAL ’tl) JUMP TD NEXT nlNDOd POSITION

A! (nR,EQ,8) GO 7O &3
LOUP ARUGUND PDR NUMBER OF ROUTS MR i
V0 258 Maj, MR ’
A s a(m) . :
Tae()=a . i
LXBZASnKSOCYN]IYouY$3999999 o
KYDE(XeV)e(XaY) i
AFLXYS LT,5MALL) 6O TO 129 3
nie{C(2)aXe8 sRoxeY¥=L(3))/(X=Y)
AYS(C(2)aYmB ,0hnTeveC(3))/(V=l)
0 Ty }3¢

SaRT(NS)) /2,
wys(ca-30mt(n8))/2,

T§8Y¥ay

R0SNex

P (WX, LT, X8) 60U YO 340
WXSUBQART (nX) . ¢

198ux=x3 /

IX030RT(18)

IFguY LT, Y8) 80 TO 130 i

SERT(nY) /
.'. i

lv-lalllll) i !

T 1l ;

.
SUBROUTINE WERNER PART |

197%/1¢

neWNEX
HERNEK
weHNE K
mEHNER
LT Y 33
WERNER
WERNEN
WERNER
wERNEN
WEHNEN
WERNEN
RERNENR
nERNEN
wEHNER
NERNER
WERNEK
WEHNEN
Wt HNER
WERNEN
WENNER
WERNER
wpRNER
WENNEN
WERNER
HERNEN
SENNER
nERNER
wERNE X
WERNEK
HERNEN
WEMNER
WERNEN
WERNENW
WERNER
WEKNENX
WERNEK
WERNER
WERNER
WEKNER
wERNEK
RERNEN
WEKNE N
WERNEN
NERNEN
WERNER
WERNEN
WERNER
WERNER
WEMNE K
wERNEX
WEANER
wiRnEN
(1111}
wEANEN
wfngN
wEkanla
wERNEX

VERNER
TWEWREW —

uEANER
wlhint@
NERNER
wERNER
WEANEA
WERNER
MERNEN
MERNER
WERNE K
WEANER
WERNER
WERNER
WERNER
WERNER
wWERNER
WERNER
WERNER
WEANER
HERNER
WERNER
WERNER
WERNER
wlRNER
WERNER
WERNER
WERNER
WENNER
WERNEK
WERMNENW
nERNER
WERNEK
WERNER
WERNER
WERNER
WERNER
WERNER
WERNER
wiRANER
WERNER
WERNER
WERNEN
RERNER
WERNER
WERNER
WERNEN
WERNER
WERNER
nERNER
WERNER
WRRNEK
wERnER
wERANER
wifnih

14,46,5%08

[ 1]
81
[1]
83
84
85
(13
ey
[13
89
9m»
03}
R
93
9%
93
%6
97
%%
9
1e
101
182
103
10e
108
196
1a7
108
199
110
114
12
113
144
113

i -

(1L BT
stoda -1
WERRER . ::;
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Record No 1977/50

130

138

14

103

15¢

193

178

179

180

108

1%

20

235

28Y

250

Cs

Ce
Ce

Ce

Ce
Ce

Ce

1e¢

17e
18¢

29

2%

33
3te

2w

CHECK TP ONE OR TwO BUURCES mavk wEEN OLTLCTED,

DETEMMINE INTENSITY AND ANGLE GF MAGNETIZATION
BY LEABT SQUARE FITTING,
LFey 8

IFLIX.20,999949,) (FPe}
AP (Ix,60,9990499,) (L8
00 160 le1,1}
Lls,1)00,

U0 160 Jsi,1}

A(l,d) = 0,8

LONTINUE

VO 188 1ej,1y

ANS]aNTH

ANEXN=X

XBOXN=Y

VXSRAsXASlXe2X
UYsxBaxBelvelY
13(1)922/0x
is(2)sna/on
1313)e2v/0Y

IS a)eKB/0Y
TFOT(I)eBKGoBELoXNeBL20RNAXN
VO 17e JeLF,LL
ClI,1)8C(J,1)oTFeTy(y)
vO 170 KeLF,LL
A(R,J)BA(R,J)eT8(J)eTB(K)
LONTINUE

NN LeLFet

vO 399 Im1,NN

UD 108 Jal,NN

A(d lyma(doLley,oLFey)

CALL ®ATRIX TO QUTAIM SOLUTIUNS
CaLt MATRIR(A,NN,88,8,0L7,10R)
iFLIRR,EQ,1) &0 TO 2Se
V0 288 LaLf,LL
Ralf,iL
AR, )sA(Ralley, L= Fs1)
U0 218 Loy,
PTL)ae,

VO 229 Leyf el
o0 280 KeiP.iL
PTL)SPTLL) ®A (K, LY0C(K, 1)

CHECK SOLUTIONS, 1P UNPIT, REJRCT THLM
l;l'l.

s .

bo 238 wNeg, 11

ANSNeNTH

2AOXNaX

XB0ANeY
TAAB(PT(4)eXBeFT(3)elY)/(XBaXDoLYalY)
THO(FTLR) oXAePT({)0TX)/ (XAGNAOZNRZX) ¢ TAA
ONEBRGeBGI o XNGBER2aXNREN

10T » T(N) o Tit o BK

f8'e 107 o ™

£t » AT ¢ TBee2

876 o 378 ¢ tDTee2

CORTINUE

STIQGRT(8TS)
bHESBQRT(STN)
ErColtt/8nseyns,
IPlErc,6T,40,8) 60 10 238

et
A8 {3, eX)0(Xe3,)
T79(3,27)e(Ye3,)
IP(XT,LT,0,,0R,2X,67,4,5) 60 TO 248

CONVERT POOITION, OEPTH, INTENSITY AND ANGLE INTO TRUE vaLves

POR SOURCE 1,
OPlelxelivell
APLOPY LT, 0LE) GO TO 240
NBaNBe}
AP (N3, CT.1888) 60 TO 240
VEP(NS) » OPTaTRUEDIS
POB(NE) 5 (NXwiolke3)eINV)eTRUEDIS « POBAVE
$Q3FT(1)sPT(1)eFT(2)aPT(2)
$B(NS)USART (3Q) eINY
1P(FY (1) ,E0,.8,8) FT(1)n0,00008)
ARSFT(2)/PT(1)
AB(NS)uATANCAR) ePA
IP(YT,L7,8,,00,77,67,4,5) GO TO 258
FOR S0URCE 2,
UPlelvelINvV=lL
LF(OPT,LY,DLC) 6O TO 290
NEENY ey
IF NS, 6T,1000) GO TO 260
OEP(NS) o OPTeTAUEDIS
POB(NS) ® (NX=)o(YeS)eINV)aTRUEDIS o PUSAVE
S0FT(3)aft(3)eFTca)earT(a)

‘SI(ND)SBRAT (8Q) ¢ Ny

APLPTCN) LG,8,8) PT(3)50, . 08800)
ARSFT(e)/7(3)
AB(NS)eATAN(AR)aPA

CONTINUE

nP YO START L]
o6 'zu.' L} FON NEXT wINPOw PORLTION

PRINT 279

PORRAT(IgR,18(1Ne), ¢ ANRAY (IP]T} CXCECOED FOR 3 PUS, UEP AS, 3le)

IF MU S0UNCES JURP Tu aTaNT PON ALXT LEVEL
IF (NB,LE,9) w0 Qg 2e

WRITE ESTIMATEY SOURCES ONTO LUNJICK
JNIUTEIN/ISTEP )
mRITE(LUNSCR,29€0) Lvi,JINTUT

FORMAT (aDEPTH ESTIMATES « LEvEL®,l2,8 NUMBER OF KCANSe, 1%,34(1n ))

VU 310 faf NS

RITE(LUNSCR,3@9) PUS(1),0LP(L),A¥(1),83(1)
FORRAT(JuX,4F19,8)

LONTY INUE

envFILE LUNICR

JUMP Ty START FOR MNEXY LEVEL
0 TO 20

nEIUNN

[L]"]

SUBROUTINE WERNER PART 2

CR RANGE OF DEPTH AND POSITION, IPF QUTSIDE, REJECTY 1Y

WERKER
WEANER
uERNER

WERNER
whhver
NERNER

WERNER

WEANER

WERANER™ T

WERNER
WERNER
WERNER
WERNER
WERNEN
WEANER
WERNEX
WERNER
WERNEN
WEANER
wERNER
WERNER
WERNER
WERKER
WERNER
wERMNER
NERNER
wERNER
WERNER
WEANER
RERNER
NERNER
WERNEN
wERNER
HERNER
WRERNER
WERNER
wERNER
WERNER
wEANER
WERNER
whRnEn
ngRNER
{1117
NERNEN
wirntsd
NERNER
NERNER
nERNEN
"NaRen
wgRNE N
neANER
HERNER
WERNER
wERNER
siRNER
WEANER
RERNER
NERNER
WERNER
wWERNER
WERNER
WERNER
WERNER
WERNER
HEANER
WEANER
HERNEN
WERNER
WERNER
wERNER
WERNER
nERNER
WEANEN
WERNER
HERNER
WERNER
RERNENR
WERNER
AERNER
WERNEN
WEKNEK
WERNEN
WERNER
WERNER
WENNE R
WENNER
WERNEK
wERNE R
WERNEK
WEANEN
WERNER
WERNER
WENNEN
WERNER
wERNEX
wlNENX
opnEn
RERNER
LTLLT]
LI LY
neRNER
LTLLTY
wEANLN
WERNEN
nERNER
WERNEN
wERNER
WERNEN
wERNEN
WERNER
WERNEN
wlRAER
WERNER
WERNER
WERNEW
WERNEN
RERNEN
WERNENR
WERNER
WERNER
WERNER
WERNEN
NERNER
WERNENR
WERNER
WERNEN

" wERNER

AFreiNUIX A

Page 6 of 8

Ay

G465-47-5A



1?

(1)

es

3o

3%

(L]

L L]

T

7%

"

189

Record No 1977/50

SUBRLUTINE MATRIA 1e/Te uPley PTN Ga,00339

Ce
Ca

Ce
Ce
C»
Ce
Le
Ce
C»

Ce

Ce

Ce

Ce

29

3¢
W

Se
L1

Te

100
110

120
130

146
1%
160
178
180
190
290

24

a9
260

are

SUDRUUTINE MATHIR(A,N,B,L,0, INROR)
HATRiR
SPEClAL VENSION OF MATINv POk mERNER DECONYOLUTION

15/7e9/77

MATNIX
MainIx
MATRIX
HATRIX

A 13 AN NXN MATRIX TU Bt INVERTED, UR CONTAINING EGUATLION LOEF MATRIx

B Ib AN NXP xHS MATRIX FyuR EWUATLIONS

mATRIX

IF L@, INVENSE ONLY GIVEN,L POSITIVE,SULUTIONS ONLY L MEGATIVE MATKIX

60N, MaABy (L),

D CONTAINS THE OLTERMINANT OF THME A MATRIX ON EX]T
A 1S WEPLACED wY THE INVERSE ,8 By TWE 30LUTIONS,
METHUD OF WALSS=JUNDON PIVUTAL ELININATION

DIMENSION ACTIE,11),8(11,1),1PIvILL),IN0CLE,2)

melABS (L)
usli,®

vo 1 le),n
LPav(l)e®

v 22w lei,n
smAXNQ, R

SEARLR SUB=MATRIX FON LARGEST ELEMENT AS PIVQT
V0 60 Jei,N
LFCIPIVIY)) 70,20,00
U0 $3 Kef,N
1FLiPIv(n)~1) S8,58,70

1M1 HUa CULUMN MAS NQT BEEN A PlvQT
LFLADS (ACJ,K))=ANAR) 50,502,492
LRuwse)
JCuLex
AMAXBABS (A(J,R]))
COnT INpE
COnTINUE

PlvO1 fOUND
APAV(ICOL)SIPIV(ICOL) *)
P LAMAxe} ,0L=90 ) TP,72,89

MATRIX SINGULAR,ELRRON RETURN
JLLTETY
HETURN

LFLIROWeICUL) 99,130,908

MWARE PIVOT A DIAGONAL ELEMENT BY ROw INTERCHANGE,

De=0
V0 109 Ksl,N
ARAX®OA(INOW,K)
ACAROW,R)BA(ICUL,K)
A(4C0L,R)SANAK

17 (m) 138,130,118
V0 j28 %ej,n

AMAReQ (IRQN,%)
8(4R0w, n)eB(ICUL,K)}
B(4COL,K)mARAR

NO =IROW

NO (T, 8)e1E0
andxea (300, 3C0L)
OsUeAMAX
Atlcot,IcoL)ey, 8

DIVIDE PIVOT RON BY PIVOT
DO 140 Ks), N
ACSCOL,K)PALICOL, k) ZAMAX
17(M) 178,178,158
00 168 Ruj,n
SCICOL,K)BCICOL,K) ZANAX

REDUCE NONePIVOTY RONWS
00 238 Jsi,M
iP(Je1COL) 180,220,108
AMAXSA(J,BCOL)
A(Jd,1COL)ub,8
00'19p Ksi,N
ACJ K)RA(J,K)eA(JCOL,K) eAMAK
iFtm) 229,220,200
00 218 Rej,n
B(JoK)OB(J,K) B (ICOL,K) eAMAX
CORTINUE

AFTER N PIVOTAL CONDENSATIONS,S0LUTIONS LIE IN B WATRIZ
IF(L) 238,238,278

FOR INYVERBE OF A, INTERCHANGE COLUMNS
00 209 Img,N
JeNsie]
1P CIND(Jy8)=1NDCJ,2)) 200,200,200
IRUNSIND(d,1)
1COLnIND(J,2)
00 238 Ksi,N
AMAXmA (K, IRON)
A(R, JROM) @A(K,ICOL)
A(K,ICOL) maMAX
CONTINUE

IRNORsg
HETURN

LNy

SUBROUTINE MATRIX

MATR]X
MATRIX
MATHEX
MATRIX
MATKIX
MATHIR
MATRIR
nATRIX
MATRIX
MATR]IX
HATHIX
MATKIX
HATHIX
MATRIR
MATHIR
MATN]N
HATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATKIR
MATRIX
MATRIX
MATHIZ
MATHIX
MATRIX
MATRIK
MATHIX
MATRIX
MATRIK
MATKIX
MATRIX
MATRIX
MAThIX
MATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATAIX
maATRIX
MATRIR
MATATIX
MATRIX
nathix
NaTRIN
WaThIx
nATHIX
nATRIX
NATRIX
RATRIX
naTRIX
HATHIR
MATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATRIX
MATHIR
HATKIX
MATRIX
MATRIX
MATRIX
MATREX
MATRIX
MATRIX
MATRIX
MATRIX
MATKIX
MATRIX
MATwRIX
MATRIX
MATRIX
MATRIX
MATRIR
MATRIA
MATRIX
MATHIX
MATRIX
MATRIX
MATRIX
MATkIz
MATHIN
MATRIX
MATrIx
LYRER¥
MATRIR
MATH]X
MATHIX
LYRLEY]

18,868,503
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. APPENDIX A
SUBRLUTINE MTULRYE TesTs  uPtey PTN a,00e39 15/09/71 18,00,308 Page 8 of 8
. 1 SUBROUTINE HTIDLRYS (TH,uXM,0T,NoL ,NOY) MIDERYS 2
’ 281317 ] 3
Cess nRTpERYD HTDERYVS []
Cae Thi3 SUBKULLTINE COMPUTES MORIZUNTAL DEKIVATIVES FUHR MTDERYS s
s Les EOUL=YPACEL POTENTIAL LATA MTDERYS 6
HTDERYS b
Cea TM = ARMAY OUN WHICH WURIZUNTAL UEWIVATIVED ARE CALCULATED HIDERYS ]
Ces DIN = HOWLLUNTAL DERLVAT[VE ARNAY HTOERYS 9
Cor UT =« OATA UNIT (ALwAYS EQUAL T0 1,8) HiDEAYVS 18
13 Cae NSL = NUMBLR OF STARTING DATA POINT (USUALLY ) niDERYS 11
Cou NSU = NUMBER OF ENU DAlA PUINT (VBUALLY NPUINTS) HTOERYS 12
HTOLRYS 13
UIRENSION TN(1),DxM(1) ntQEnys 14
HIDERVE 19
I 15 NBENSLeQ HTQERVE 16
NSINSU=g HIDERYS 17
HTULRYS 18
Ce COMPUTE MUR]ZONTAL OtRIVATIVES HT10ERYS 19
HIQERYD 20
1] Ce FON FLnST PUINT HTOERVS [3}
VXR(NSL) s (TRINIL®]}=TH(NDL)) /0T HTDERYS 22
HIDERYS 23
Cs FOR SECOND POInT WTDERYS a4
URA(NSLOL) o (aTHM(NSL)/3,»TH(NSL®L)/2,9TH(NSL2)=TM(NEL*3)/0,)/uT  HIVERVE 25
2% nIOERYS 26
Ce FOR 3ELOND LAST POINT HTOERYS a7
VEM(NBUS) )8 (=TH(NSUa3) /3, =TH(NBU=2) /2,9 TH(NSU=])=TN(NBU)/6,) /0T NTDERYS 28
HYDERVS 29
Ce FOK LAST PUINT nTOERYS 30
39 VEF(NIU)B(TR(NSU)eTH(NBU~=1)) /DT HIOERYS 3
HTDENYS 32
Ce FO alL INIERNAL POINTS WYOERVS 33
US 3¢ 1eN3IN,N3S MTDERVS 3
vl-YH(I-e)/b.-a.-fﬂtl-x)/!,-TN(xozjtt A nTH(T01)/3, MTDERYS 33
3% 10 UEn{l)e0DK/(2,907) HTOERVY 36
HIDERYS 37
wEVURN MTORRYS 38
NTDERYS 39
l tny : MIDERYS 1]
SUBROUTINE UPCONT Te/76  OPTey YN 4,00039 15/0%/17  14,06,308
k] SUBRQUTINE UPCONT(NOC,0M,TH,DY,TL,N8L,NOY) UPCONY 2
I e m —. SUBRDUTINE UPCONT(NOGC, 0N, TH, 0T, TL R8L NOU) UPTONT =~ -3
UPCONT UPCUNT 4
YHI® SUBROUTINE UPwARD CONTINUES EQUI«SPACED POYENTIAL DATA UPCONT 5
] UPCONY .
NOC » LENGTH OF UPwaRD CONTINUATION PILTER UPCONT 7
DM = INPUY DATA ARRAY vrcont (]
TR » UPWARD CONTINUATION ARRAY UPCON? L]
OT » DATA UNIT (ALWAYD EQUAL Y0 §,.8) VPCUN? 19
10 IL « MLIGHT OF UPWARD GONTINUATION UPCONY 11
NSL = NUMBER OF STARTING DATA POINT uPCON? 12
NBU = NUMBER OF END OATA POINT UPCONY 13
uPCONt 14
OIMENDION C(308),0nL8),TN(}) VPCUNTY 15
18 DAYA (BMALL v 3,0E<0),(Pl o 3,1413927) UPLONT T 1.
s . UPCUNT 17
NC ® (NOC=1)/2 UPLOUNT 18
XNDRM » @,0 UPCUNT e
. vPCOoNTt 20
20 Cs T TIP MO UPWARD CONTINUAYION, BET CORFPS EQuaL 70 § UPCONT 24
IF (IL,6T,BMALL,AND,NOC,6T,1) 60 TO 1§ urcunt 22
C(1) = 1,0 UPCONY 23
INURN 8 3.0 UPCUN? 26
80 T0 30 vPCONY 23
23 uPCUNY 26
Ce COMPUTE COEFFS OF UPWARD CONTINUATION uPCoN? 21
10 DO 29 Il e y,NOC UPCONT 28
1 0 p1enc uPCuNt 29
0L & DYVe(le=l) UPCONT 38
30 CCII) » IL/(PTe(2LelLoDLADL)Y) UPCONt N
bt 5 UPLUNY AT
Ce NOAMALLIZATION CONSTANY uPCont 33
ENURM » KNOAM ¢ C(YI} uPCUNT 34
20 CONTINUE VPCONY k1]
33 UPCONT 36
Ce CONYOLUTION OF DATA WwITH UPWARY CONTINUATION ANRAY UPCONT 37
390 00 39 I e NSL,NSV upcunt 38
sun v 8,0 upCunt 39
V0 &8 J e y,NUC UPCUNT [T}
(1} Nt 8 JeJeleNC UPCONt ay
BUR B BUM ¢ DM(NM)eC(J)/XNORN ubcunt a2
(1] COutlnut VPCUNT a3
TMgl) = sun VPCONT
30 ConTInuE UPCUNT
L1 ] upcount
RETURN uPCunt
; vecumt
(111 uPCoNt
SUBROUTINES HTDERVS AND UPCONT
‘ecord No 1977/50 G465-47-7A
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