A MARINE MAGNETIC SURVEY
IN THE
MACKENZIE BAY / BEAUFORT SEA AREA
ARCTIC CANADA

by

ROCQUE GOH

B.Sc. Honours, University of Salford, England, 1968.

A THESIS SUBMITTED IN PARTIAL FULFILMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
in the Department
of
GEOPHYSICS

* We accept this thesis as conforming to

‘the required standard

THE UNIVERSITY OF BRITISH COLUMBIA
April 1972



In presenting this thesis in partial fulfilment of the
requirements for an advanced degree at the University of
British Columbia, I agree that the Library shall make it

freely available for reference and study.

I further agree that permission for extensive copying
of this thesis for scholarly purposes may be granted by the
Head of my Department or by his representatives. It is
understood that copying or publication of this thesis for
financial gain shall not be allowed without my written

permission.

Department of Geophysics
The University of British Columbia
Vancouver 8

Canada

5 April 1972



(1)

ABSTRACT

This thesis presents an investigation of the.variatidns
in the magnetic field obtained in the Méckenzie Bay/ﬁeaufdrf.'
Sea area of the Canadian Arctic.

It was found that ﬁhe variations obtéined at sea were
strikingly correlated with.those recorded at Point‘Atkinson,

a fixed station on land, 150 miles from the survey aréé.k

In addition, it was féuna that thé higher fréquencies présgnt'
in the marine records were severely attenuated with -

respect to the corresponding frequencies in the Point Atkiﬁéon
recordings. It was concluded that the Mackenzie Bay/Beéufort

Sea area is géomagnetically anomalous and that this_situétibﬁ

is probably caused by higher eiectrical conductivity matéria1 
underlying .the Mackenzie Bay/Beaufort Sea area, abﬁtting>lowe;
conduciivity material of the North Ameriéan craton underlying

Point Atkinson. This conclusion has iﬁportant impiicatidns :

relating to the tectonic history of the Canadian Arctic.
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INTRODUCTION

The purpose. of this thesis was to carry out, integrate
and interpret a marine magnetic survey in the Mackenzie Bay/
Beaufort Sea area in the-Canadian Arctic. The survey was conduc-—
ted. on. board .the Canadian government oceanographic ship, CSS
. PARIZEAU, in the summer of 1970.

The first chapter. deals with data collection and contains
details. of the equipment used as well ‘as ‘general statistics
- regarding the .survey.

‘Chapter ‘2'is concerned with data reduction and includes
discussion of the method of reductionm, processing and of the
computation techniques involved. The actual computer programs
which were written and used for -the data reduction are detailed
-'in Appendix .ITI. The source listings are given in Appendix IIIL.

Data .correction is dealt with in Chapter 3. It was

found that the. marine magnetic data reflected the magnetic
_noise and diurnal variations which were monitored at a fixed
shore station at Point Atkinson, approximately 150 miles east
- of the survey area. However, though remarkably well cor-
‘reléted, the magnetic noise recorded at sea was found to be

. severely attenuated compared to ;he noise recorded at Point
Atkinson. Further, the attentuation was found to be highly
frequency dependent. This observation suggested that a geo-

magnetic variation anomaly exists in the intervening area



between the Mackenzie Bay area and Point Atkinson-~this

anomaly was .investigated further and is discussed in Chapter 4.
Due to the geomagnetically anomalous conditions, reliable
corrections .for magnetic noise cannot be made to the Mackenzie
Bay. marine magnetic¢ data which are therefore presented as
uncorrected maps.

The geomagnetic..variation .anomaly. found, named the
Mackenzie Bay geomagnetic variation (g.v.a.) is investigated
and..discussed in Chapter ‘4.- The frequency attenuation charac-
- teristics of the anomaly parallel those of. another anomaly
known. to exist.at Mould Bay on Prince Patrick Island approximately
n600’mi1es!towardS'the'north—east(Whitham, 1963). A third

. anomaly at. Alert .on Ellesmere Island(Whitham et al, 1960),

. . approximately another 700 miles north-east from Mould Bay,

brings to three the number of anomalies now known in the
Canadian Arctic.

.~ Geomagnetic variation anomalies appear to occur
preferentially in the zone affected by a tectonic plate
boundary. Study of those anomalies known throughout the world
that :are not explainable' by the coast effect support this
concept(Law and Riddihough, 1971). This is because tectonic.
and geological situations that would give rise to geomagneti-
cally anomalous conditions occur in the tectonically active

zones at plate boundaries. The Mackenzie Bay anomaly is no



exception~=it occurs in the region suggested to be the edge
..0of the.stable North American craton(Geol. Surv. of Canada,
1969; King,..1969).

. It is apparent from this survey that noise corrections

for marine magnetic, surveys within a geomagnetically anomalous

... zone,. particularly in the high latitudes present extremely

serious problems. This is especially true if the shore monitor
. station. is far removed from the survey. area. The problems
encountered .in. the present survey probably also apply to the
‘magnetic ‘data. collected by the CSS BAFFIN and the CSS HUDSON
during the same period especially since both ships surveyed
..areas.suspected to be over the central region of the Mackenzie
Bay geomagnetic variation anomaly.

. Further investigation of the Mackenzie Bay geomagnetic
variation anomaly is required before more quantitative results
can be obtained. Of particular interest would be to determine
the extent of this anomaly. There would be strong plate
tectonic implications if it is found to extend and connect

up with the Mould Bay  anomaly to the -north-east.
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CHAPTER 1
DATA COLLECTION

INTRODUCTION

The marine magnetic data was collected from the CSS
PARIZEAU. by. the usual method of towing a total-field pre-
cession. magnetometer sensor astern. A magnetic reading was
obtained every six. seconds and the readings were recorded,

‘along with ‘the G.M.T. time every minute, on a paper-—tape punch.
-.In addition,.the positions .0of the ship at various times were

- logged.. Interfacing of the paper-tape data and the ship's
positions produced the required result of the ship's position
with .a marine magnetic reading and time attached.

In all, 44 days were spent in the survey area, resulting
in approximately 3 600 nautical miles of magnetic data.
Subsequent editing, integrating and processing yielded 134 000
magnetic. readings .on which this thesis is based.

In general, the accuracy of the survey is regarded
~as ‘good. The magnetometer is capable of *1 gamma precision while

. the navigation is regarded as being accurate to *110 meters.
THE MARINE MAGNETOMETER

The instrument used to measure the Total Magnetic Field
at sea was a Barringer Oceanographic Magnetometer, Type OM-104.
"This is a precession-type magnetometer, accurate to 1 gamma
(Barringer, 1970). It was towed approximately 600 feet astern of
the ship at depths in the order of 50 feet below the surface of

the sea.



DATA LOGGING

Two sets of data were logged for the survey.

The first set consisted of the Total Field readings
obtained from the marine magnetometer--these readings and the
G.M.T. times at which they were taken were recorded on punched
paper—tape, encoded in. Friden-code. The ' G.M.T. times were
derived from an electroﬁic.clock on board.

.The second set of data consisted of the ship's

"positions and the G.M.T. times at.whigh it-occupied these

. positions.

. Combining the two sets of data produced the magnetic
..readings, .the positions at which.these were taken and the
corresponding times. Computations of the positions and the

combinations of the two sets of data are covered in Chapter 2.



THE NAVIGATION SYSTEMS

Two navigation systems were used for this survey--a

DECCA 6F system and a DECCA Minifix system (registered trade

names owned by .the Decca Navigator Company). Both systems
utilise the same principles of operation--electromagnetic

. waves ‘are radiated from three shore stations, these waves

forming. standing wave patterns. Bétweeﬁ the three stations,

. two such patterns. are set .up--so that-in plan view, one would
see essentially two sets of waves, similar to the -two sets of
waves . that would be generated. if three stones were simultaneously

- thrown into.a pond, a short distance apart. Note that two
sets of waves are required for a position to be obtained since

. two lines  of intersection (i.e. two co-~ordinates) are needed
to define a position in any two-dimensional co-ordinate system.

.For the 6F and Minifix Decca systems used, the patterns

.of the waves are not circular as are.ripples in a pond--
they are hyperbolic as shown in Figure 8, because they are
interference patterns. Decca waves for the 6F and Minifix

. systems used,. are waves of constant phase difference between
.the two sets of circular waves radiated by two stations. These
waves are hyperbolae since for any hyperbolae, the differences

"between . the. distances from points along the hyperbolae to the
two foci are constant. The constant distance difference is

expressed as a phase difference for the Decca system--so that
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the hyperbolic waves are waves of constant distance
differences which means they are waves of constant phase
differences.

It is usual to use another term for Decca waves—-—
lanes, akin to lanes of traffic. All positions obtained through
the. use of a Decca system.(such as the 6F and Minifix system)
.are .therefore obtained in terms of Decca lanes, akin to
obtaining one's position at a city intersection by noting the
. streets. forming. the: intersection--except Decca 'lanes intersect
one .another at.different angles since- they are hyperbolae
themselves. It should .be remembered that.implicit in the
word 'lane' is the fact that all lanes are hyperbolic in plan
. view.

in'using Decca navigation systems,. three kinds of
errors can be expected. The first is a Repeatability Errof——
a measure of how accurately one may repeatedly position oneself
within a given system. This error is larger for positions
further away from the shore stations since, the further out
to sea, the more obscure the intersections Eetween lanes become.
Repeatability of the Deccé 6F system in the survey area is
-approximately =100 meters——that.of the‘Minifix system is
smaller (CHS, 1970);

The second kind of error is one caused in part by
pattern variations. Patterns may shift as a result of the
warming of the atmospheré with daylight. To determine pattern

shifts, pattern readings were monitored at a fixed station
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over the period of the survey. It was found that pattern
shifts were less than *0.06 lane for the period of the marine
magnetic survey (CHS, 1970).

The .third kind of error is related to the magnetic
.survey alone. The ship's position was recorded only for the
start and end .of each line run--no positions were recorded
in between .and it was assumed that the  ship maintained constant
speed for the duration of ‘the line. - Since the lines run were
relatively short--2 hours sailing time or 32 nautical miles
approximately-—the error in this assumption is not too serious.
~The ship's path of travel in between the start and end of the
line was. either a straight line or a hyperbola. The straight
line case occurs when the ship's course is direct--while the
hyperbolic case occurs. when the course is along some Decca
'1éne, staying to within +0.05 of a lane, this accuracy being
ascertained from .the ship's logs.

Combining tﬁe estimates of the three kinds of errors
. involved, the r.m.s. error that can be expected in the position
-of the ship is approximately *110 meters. Errors measured in
‘lanes were converted to errors in metres by using the fact that
the baseline lane width, i.e. the maximum lane width, for the
Decca 6F system is 561 metres.

The system characteristics for both Decca 6F and

Decca. Minifix systems is given in Appendix I.
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CHAPTER 2

DATA REDUCTION

INTRODUCTION

Most of the programs required for the computer-processing
of the data were written as part of this thesis. A list of
.the programs is given in Appendix II.

The overall sequence of data processing is shown in
Flow Chart 1. The papertapes which contain, encoded in Friden,
a time parameter and the total field reading taken at that
time, were transcribed onto magnetic tape. This tape was
then decoded using the program 'PTAPE DECODER'. The navigation
- data, recorded by hand separately, consisted of a time para-
meter and the Decca co-ordinates of the ship at various times.
Program 'DECNAV' converted these Decca co-ordinates into more
recognisable geographic and UTM ce~ordinates, with proper
interpolations in time suitable for the next stage of processing.
Having time/total field on the one hand, and time/co-ordinates
on the other, the next stage of processing was to match the
two on a basis of time. This was done by the matching
program 'MAGNAVM'. In addition to matching, "MAGNAVM' also
computed the regional field and the anomalous field readings
for each set of co-ordinates produced by 'DECNAV'. The output
of '"DECNAV', being a series of scattered data points, was then

prepared for plotting--this necessitated gridding the data onto
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FLOW CHART 1
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a rectangular grid acceptable to plotting/contouring
programs available at the University of British Columbia. The
gridding and plotting were done by 'GRID' and "PLOTTER®
.respectively.

In addition to the total field readings obtained from
_the»ship~towed,magne£ometer,Aa.Station Magnetometer was set
. up..at Point Atkinson, approximately 150 nautical miles frowm the
svrvey area. . This magnetometer (a Barringer precession magneto-
. meter .similar . to .the one used at sea——acéuracy *1 gamma) moritored
“the total magnetic field at .the single location so that any
fluctuations in this field would represent the 'magnetic
noise' present at the time-—this magnetic noise would include
any time variations in the Earth's magnetic field.

NAVIGATION INTERPOLATION SCHEME

Special mention has to be made of the scheme of inter-
polation used in the navigation program 'DECNAV'. During the
survey, only the start positions/times and end positions/times
were recorded for each line traversed. It is known from ship's
logs, that in between the start and end, the ship kept to within
a pre~selected path within certain limits of error. This
pre-selected path was either a straight line or a hyperbolic
Decca lane. Interpolations for the straight line path are simple

enough--since, knowing the starts and ends of the line, we can-
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interpolate linearly. For the hyperbolic case, however,
a heuristic approach was developed and used.

Knowing the Decca lane travelled on by the ship, any
number of reference lane-positions can be computed. The
ship would have travelled over these lane-positions within
the limits of steering error. The next step is to determine
the. total distance covered by the line traversed and this is
done by adding up the ‘distances between.successiveblane—positions.
:From. the start and end times, thé time taken to cover this
distance can be found--=dividing the distance by the time would
give the .average .speed.of the ship for that line. Since positions
~are required on. a time-interval basis e.g. every two minutes,
the interpolations have to be carried out in time-fashion. Using
the ship's .speed .and the  time taken to traverse the line,
“the distance intervals corresponding to any chosen time-interval
can be computed since these distance intervals correspond to
intervals along a hyperbolic line. The lane-positions previously
computed are used. The distances between successive lane-
positions are known. Hence, interpolations can be carried
. out. between successive lane~positions on a distance-interval
basis.

As .a test, the navigation program performing these
interpolations was fed the start and end parameters for a line
of known location. The line was selected for its high degree

of hyperbolicity (i.e. it was highly curved) which should produce
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maximum errors in the interpolation scheme used. The most
hyperbolic lines for systems such as the Decca 6F and the Decca
Minifix are to be found in the areas closest to the shore
stations as shown in Map 5. For the actual survey, none of
.the lines traversed were as hyperbolic as the test line shown
in the map. Using the test line parameters, both hyperbolic
and linear interpolation schemes used in 'DECNAV' were tested
and the Figure 7 shows the results. It is seen that the
positions computed for the highly-hyperbolic test line fit the
test line location very closely(to within +100 m. at least)

and it appears that the heuristic approach taken here is valid.

THE MATCHING PROGRAM 'MAGNAVM'

Special mention has also to be made with regard to the
matching program 'MAGNAVM'. For data such as these being pro-
cessed, it is seldom possible to record continuously--
discontinuities in data are inevitable e.g. due to equipmentv
malfunction. In-attempting to match two sets of data such as
the navigation and the magnetics, discontinuities in the data
have to be accounted for. Té this end, "MAGNAVM' is capable of
matching two sets ‘of data with discontinuities in either set.
This ability proved useful since MAGNAVM was able to match
the navigation data to not only the marine magnetic data but
also to the station magnetometer data which were recorded at

entirely different time-intervals.
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GENERATION OF THE MAPS

In this final section on Data Reduction, the generation
of - the maps is discussed. Four maps are presented later on
in .this thesis~~these are:
o (i) . The Track Plot--a plot of the ship's positions
. .for'.the whole survey,
(ii) The Anomalous Field--Marine Magnetics Map,
wew. . (lii). The Residual Station Magnetics Map,
(iv) The RMS Fit Map.

(i) The. .Track Plot - to generate this, the track-plotting

program, 'TRACKER' was used. °‘TRACKER' reads in the ship's
positions for the whole cruise and plots all or a.fraction of
‘these positions. For this survey, the ship's positions for the
whole cruise were available at two minute time intervals (two

minutes are equivalent .to, approximately 3 200 feet in distance)--

- of these positions, every fifth was plotted so that the Track

Plot, Map 1, is a plot of the ship's position every tenth minute
. or approximately 16 000 feet. The number of positions shown
in this map is roughly 1 300.

- (ii) - The Anomalous Field--Marine Magnetics Map--for this map

data '‘points at two minute time intervals were used, approximately
6 700 in all. These data points were gridded onto a square

grid and then contoured.
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(iii) The Residual Station Magnetics Map - The Station Magneto-

meter data (at 5 minute time—-intervals) Qere matched to the
ﬁavigation‘data ( at 2 minute time-intervals). This resulted
in a data point every 10 minutes or roughly 1 300 for the survey.
These data poinﬁs were gridded onto a square grid and then
. contoured.

~For both the Anomalous Field--Marine Magnetics Map
‘and the Residual Station Magnetics Map, all the data points
had.to.beigridded prior to contouring. The contouring programs
.available at .the University of British Columbia at the
present, are .able .to contour only data on a rectangular or
. square .grid-~they are unable to contour scattered data. This
"..just means .that the data points to be contoured have to be
regularly spaced such that adjacent data points are the same
distance apart on a rectangular grid. To 'load' all the data
points onto .a grid requires a large number of computations——.
because the value at each point on the grid is affected by
the values of any of the scattered data points close to it.
In other words, when many scattered data points are close to.
~a 'grid point, the value that is assigned to this grid point
must ‘take into account each of the scattered data points,
‘taking into account the proximity of the point as well.
‘Obviously the closer a scattered data point is to a grid point,
the more weight must be attached to the value of the scattered

data point when attempting to assign a value to the grid point.
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The whole process of gridding scattered data points onto a
square grid is done by weighting--each 'grid point acquires a
value which is the mean of all scattered data point values
close. to it, with these scattered data point values weighted
in some fashion as to reflect their proximity to the grid
point. Various techniques of computing the weights have been
~used--but the .one available at the University of British Columbia
adopts. a.heuristic appraoch. For each grid point, the area
. surrounding it .is divided into octants. The closest scattered
.data point within eachvoctant is weighted by a factor of (l/d2)
where d is the distance between the particular scattered data
point and the grid point, and the mean of the weighted points
* in all octants is calculated and assigned to the grid point in
question. .Should more than four adjacent octants be empty
of data points, the grid point in question is assigned a large
. .negative number which causes the contouring program to bypass it.
With the large number of data points obtained for this
survey, and realising the large amount of computer-time involved
in gridding these onto even the smallest grids, it was decided
. to load all the data points for the survey onto a 50 x 50 grid.
This causes aliasing of data but aliasing is not regarded as
"serious for two reasons. Firstly, the magnetic variation
- spectrum falls off rapidly with increased frequency as Chapter

4 shows. Secondly, the amount by which aiiusing will affect the
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data is not significant when compared with corrections for
magnetic noise monitored during the survey, which cannot

be made (see Chapter 3).

. (iv). The .RMS .Fit Map- this map was obtained by a pseudo- 'RMS-fit'

technique. The RMS values of two input maps, one the signal
map and the other the noise map, are first computed--the noise
map .is then .multiplied by a factor equal to the ratio of the
RMS values of .the .two maps, such that the noise map has the
same RMS value.as the signal map. The modified noise map

is then subtracted from the signal map.

Interpretation of all maps mentioned here is covered

in Chapter 3.
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.CHAPTER 3

" DATA CORRECTION

In the two previous chapters, aspects of data collection
and data reduction were covered--in this .chapter, the problem
of data correction is discussed.

For this survey, the data corrections are of two types-—-
the first being correction for Regional Field, and the second
being correction for magnetic noise. The term.'magnetic
noise' is used in a collective sense and includes both the-
time variations and the magnetic 'noise' usually most obvious

during magnetic storms.
REGIONAL FIELD CORRECTIONS

For areas such.as the Mackenzie Bay/Beaufort Sea
area, where the regional magnetic field is not well-known,
one can, at best, predict on a theoretical basis, what the regional
field should be. The predicted theoretical field, called the
IGRF(International Geomagnetic Reference Field), is based
upon- theoretical considerations of how best to model the magnetic
field of the Earth. Out of these considerations, a mathematical
expression is evolved (Cain, 1965) from which the regional
field may be computed for a given geographic location. However,
there are complications--the mathematical expression, commonly
called the PGRF (Polynomial for the Geomagnetic Reference
Field) cannot simulate the complicated magnetic field of the

Earth for all regions at all times. To do this accurately,
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spatial variations are allowed for in the PGRF in the form

of coefficients, called the PGRF coeffirients. Different sets

of coefficients apply to different areas and therefore a
_consistent level of accuracy in the prediction of the Earth's
magnetic field in all areas is maintained. Calculations of suit-
able coefficients entails tortuous mathematical computations

and for this survey, the PGRF coefficients were, thankfully
supplied by Ron Macnab of the Atlantic Oceanographic Labora-

tory of the Bedford Institute.

With these PGRF coefficients in hand, correction for
the regional field was made by computing it for every geo-
.graphic location in the survey. The anomalous field is then
computed as the difference between the total field and the

regional.

MAGNETIC NOLSE CORRECTIONS

As previously mentioned, the term ‘magnetic noigse' is
used here in the ccllective sense to include both the diurnal
variations in the Earth's magnetic field, and the magnetic
'noise' commonly prevalent during magnetic storms. For our
jpurpeses,-both: these .are. extraneous and not geological effects
and must therefore be removed.

For most magnetic surveys, the magnetic noise present
is established by monitoring it at some locale close to or

within the survey area for the duration of the survey. This is
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doﬁe by setting up a magnetometer at some fixed location--
such a magnetometer is commonly called a Station Magnetometer.
Being at a fixed point, the station magnetometer necessarily
measures only the ambient field at that point plus any time
variations in the Earth's magnetic field there, thesec variations
being both the diurnal type and the 'storm' type. By removing
the ambient field, the time variations at the station magnetometer
may be extracted and represent a record of the magnetic noise
present in the area during the survey.

In general, magnetic noise sources are located high
up in the ionnsphere so that the noise present at a statibn
magnetometer is also present in the general survey area if it
is close by. The practice in correcting for magnetic noise is
therefore to subtract the time variations of the magnetic field
"at a station magnetometer from the magnetic readings recorded
at simultaneous times over the survey area.

.For this survey, the station magnetometer was set up
at Point - Atkinson approximately 150 nautical miles eastward
from .the survey area. The station magnetometer readings were
digitised at 5 minute intervals to give a record of the magnetic
. noise during the whole survey. In addition to supporting this
.survey .in. this manner, the station magnetometer at Point Atkinson
also supported magnetic surveys run concurrently by.the CSS BAFFIN

and the CSS HUDSON in contiguous areas along the Arctic coast nearby.
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Figure 2 shows several days of station magnetbme;er
readings compared to several days' marine magnetic surveying
in the Mackenzie Bay/Beaufort Sea area. This figure shows
three features.

The first feature is that the readings at both the survey
area and at the station magnetometer are highly correlated.

This implies that the readings taken at sea in the survey are
heavily doped with magnetic noise.

The second feature is that the amplitudes.of the magnetic
noise signal measured at the statiom magnetometer‘are generally
much larger than the similar signal recorded at sea. This is
particularly true for noise of higher frequenqies as Figure 2
shows. We therefore appear to have some suppression of higher
. frequency signals--a major problem in the correction of the
. data for magnetic noise.

The third feature of Figure 2 is the apparent ﬁhase
displacement between magnetic noise recorded at the station
‘magnetometer and that recorded at sea. .It..appears that this
phase-displacement .is variable in sign——on.sqme occasions the
station magnetometer signal leads the signal recorded at ‘sea,

.. on .other .occasions the reverse is true. This variability in
.phase displacements betﬁeen station magnetometer signal and
that recorded at sea further complicates the correction of the

sea-data for magnetic noise. The reasons are as follows. -
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In the first instance, the commonly used method of
correction - subtraction of station magnetometer variations from
the survey data - is certainly not useable. for this survey.

For example, in Figure 2, at approximately Day 249, the large

- variations of roughly‘AOO‘gammas displayed. by the station
magnetometer, when-subtracted from the smaller variations of
roughly 150 gammas recorded'at sea, would result in an apparent
anomalous- field of -250 gammas which is Elearly due to the
magnetic noise —-- the station magnetometer profile points. this
out.

... In. the second instance, because the amount of suppression of
the magnetie field appears to be dependent on the frequency ofv
.the .magnetic variations, and because the phase displacement
‘between'sﬁationhrecorded‘noise aﬁd sea~-recorded noise seems to be.
* variable, it would not be meaningful to broadly assume that the
suppression is constant. over the survey. area, and compute a
suppression factor.

Magnetic noise corrections for this survey. therefore appear
not to be meaningful - the marine magnetics maps prepared are.
in fact, an attenuated reflection of the magnetic noise. It
is in this-context that one must views the maps which are

presented in the next section.
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MARINE MAGNETICS MAPS

As mentioned in the previous section, correction for
magnetic noise (diurnals and storm variations) appear to be
impossible for this survey. Bearing this in mind, the following

‘maps are presented:

Map 1 ... The Ship's Track Plot

Map 2 ... The Anomalous Field - Marine Magnetics Map
Map 3 ... The Residual Station Magnetics Map

Map 4 ... The RMS Fit Map

MAP 1  SHiT“3 TRACK FLOT

This shows positions occupied by the ship at every
tenth minute of time, In relation to this, the other maps
presented here can be examined.

Map 2, The Anomalous Field - Marine Magnetics Map, was generated
from data points at 2-minute intervals. This means that the
number of positions of the ship displayed in the Track Plot (Map 1)
is approximately one-fifth the number used to generate the
Anomalous Field - Marine Magnetics Map.

Maf 3, The Residual Station Mégnetics Map, was generated
from data points at 1l0-minute time intervals. Since this time
interval is the same as that of the Track Plot, the positions
shown on the Track Plot are approximately those used to generate

. the Residual Station Magnetics Map.
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As a matter of interest, it can be seen on-the Track Plot
that many of the skip's tracks are hyperbolic in shape, the result
of sailing 'down a Decca lane'.

MAP 2 - ANOMALOUS FIELD -~ MARINE MAGNETICS MAP
.‘:LAs.mentioned‘previqusly, this is a map of the Anomalous
Field calculated by subtracting the theoretical regional(IGRF)
field from the Total Field measured at 'sea.’ ‘Two features are
apparent.

The first feature is the large ‘anomaly' at the south end
of the map. It's peak amplitude is of the order of 200 to
250..gammas... However, it is felt that. this 'anomaly' is due
almost totally to magnetic noise ~ this will be shown in the
discussion of the next map.

The second feature is that the 'anomalies' shown on this
map appear to be linear i.e. stretched out, along the ship's track.
This .is true of the large 'anomaly' at the south end of the map
and of several 100-gamma 'anomalies' at the north end of the map.
These lineations can.be seen by inspecting this map, Map 2, and
the Track Plot, Map 1, simultaneously. These features are again
. attributed. to .magnetic noise. If magnetic noise is strong, the
‘marine magnetometer towed by the ship will record the noise. If
the: noise is of relatively higﬁ frequency, of the order of 60
minutes say, then in the 60 minutes the noise takes to cycle from

one amplitude extreme to the other, the ship travelling at about
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16 knots will have travelled roughly 16 nautical miles. The
marine magnetometer will then appear to have recorded an 'anomaly'
.16 nautical miles long. Should the ship continue to travel and
the noise continue to cycle, then the marine magnetometer would
record a series of 'anomalies', each 16 nautical miles long. On
a'map, ‘such 'anomalies' would appear as a series of closures,
with perhaps a mean value contour (roughly the zero-gamma contour
for an Anomalous Field Map) following ‘alongside' all these little
closures—-so- the net result would probably be a map showing linear-
. shaped features with pockets of closed contours dotting the
crests of these features.

-+ Finally, if as we susPect, the 'anomalies' shown. on this
Anomalous Field - Marine Magnetics Map are almost entirely due to
magnetic noise, and, as we shall see in the next discussion, they
are almost all accounted for in this way, then it may be surmised
that the survey area must have little magnetic character of its
own, at least in relation to the smaller 100-gamma 'anomalies' due
to the magnetic noise. If the area has strong magnetic character
of the order of 100 gammas or so, then these would alter the map
"in:such  a way .that it .would be unlikely that a large number of
the 'anomalies' shown on the Anomalous Field — Marine Magnetics
-Map' could be attributed‘to magnetic noise. That the area has
little magnetic character is not a surprising inference since it is

known, from exploratory wells drilled onshore, that sediment thicknesses
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are of the order of 13 000 feet. The first exploratory well in

the area, B.A. Shell 10E Reindeer D-27, bottomed in sediments at

12 668 feet (Chamney, 1970).

MAP 3 - RESIDUAL STATION MAGNETICS MAP- - -

This map was generated by taking the magnetic noise

" recorded by the station magnetometer at .Point Atkinson and matching
‘it ‘on a time basis to the ship's locations throughout the survey.
If there had been no magnetic noise present during the survey,
‘this map would show no relief at all. However, as in the case of.

" the previous map, the Anomalous Field - Marine Magnetics Map, two
features are apparent.

The first feature, the large 'anomaly' at the south end of
the map, is also present on this map (Map 3) except the peak value
of the 'anomaly' is of the order of 400 gammas instead of roughly
200 gammas.

The second.feature, that of ‘lineation of the 'anomalies'
along the ship's tracks, is also seen in this map.

The most interesting result in comparing the two maps -

“the “first map which was hoped to be mainly signal and the second map
- which is tﬁe noise map. - is that the two are highly correlated.
Almost all 'anomalies' shown on the first map (the Anomalous

.Field - Marine Magnetics Map) are mirrored by similar 'anomalies'

~.on" the second map (the Residual Station Magnetics Map). We
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therefore conclude that almost all 'anomalies' recorded at sea
are caused by magnetic noise.

But in addition to this, the two maps highlight the
initial conclusions regarding the suppression of the magnetic
variations ‘in the survey area (see first part of this chapter for
‘the discussion). For example, the -large 'anomalies' at the south
ends of the two maps, though highly correlated, are very different
in amplitude - the one recorded at sea is only half as strong as
“the one recorded at the station magnetometer at Eoint Atkinson.

On the other hand, the 100-gamma 'anomalies' at the north ends of
the two maps appear to have similar amplitudes in both maps-- thus,
in this instance, little or no suppression is present.

This strong suppression of the magnetic variations is
- particularly interesting and leads to the conclusion that we are
in ‘fact observing a geomagnetic variation anomaly in a rather unortho-
dox manner. A discussion of this phenomenon will be presented in

Chapter 4.
MAP 4 - THE RMS FIT MAP

By fitting the r.m.s. value of the Residual Station
‘Magnetics Map .to that of the Anomalous Field - Marine Magnetics
"Map, a sort of r.m.s. fit between the two maps was performed

(see end of Chapter 2 for details) and the result is shown in

Map'.4. 'This map shows two features.
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The first feature is that the large 'anomaly' in the
south end of the two maps fitted together, is still present.
This indicates the r.m.s. fit technique has failed to remove it,
.a.result” that is not surprising since it was found that the ratio
of the r.m.s. values of the two maps fitted together was roughly
"0.9--looking at the two fitted maps (Maps 2 and 3), we can see.
that a r.m.s. ratio of roughly 0.5 would be required for the large
- 'anomaly'. to-be removed by the r.m.s. fit technique has successfully
removed most of the smaller amplitude magnetic noise and in turn
re—-emphasizes the high degree of correlation between the Anomalous

Field - Marine Magnetics Map and the Residual Station Magnetics Map.



- 33 -

CHAPTER 4

AN ANOMALY IN GEOMAGNETIC- VARIATIONS

In the previous chapters it was shown that analysis of
the marine magnetic data collected in this survey was complicated
because magnetic noise corrections were impossible to apply. This
was due to the fact that magnetic noise variations recorded at
. sea in. the survey area were found to be suppressed in amplitude
at ‘the higher frequencies, when compared to variations recorded
at the station magnetometer located on .shore at Point Atkinson.

The suppression of the higher frequency magnetic variations
indicated that a geomagnetic variation anomaly(g.v.a.) was present.
This chapter deals with the investigation of the nature of this
anomaly. A brief introduction to g.v.a.'s is first given. The
evidence for a g.v.a. in the Mackenzie Bay area is presented in

the latter part of the chapter.
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AN INTRODUCTION TO GEOMAGNETLC VARLATION ANOMALIES

A geomagnetic variation anomaly, as the name implies, is
an anomaly in geomagnetic variations.: It is, as Schmucker(1970)
pointed out, essentially a differehce between the geomagnetic
variations recorded at two stations that constitutes an anomalous
condition. To understand what g.v.a.'s are, consider the following
model, shown in Figure 1.

“Consider a magnetic disturbance (source field) due to, say,
an ionospheric line current, Il. These are called the primary

magnetic disturbance and.the primary current respectively, for

reasons which will be clear later.

Primary
current I

Primary magnetic
. disturbance

ATMOSPHERE
EARTH
Image wmagnetic
disturbance
image current o
FIGURE 1 A SIMPLE MODEL OF

GEOMAGNETIC INDUCTION
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When the primary disturbance impinges upon some point, P,
on the Earth's surface, as is seen in Figure 1, it produces a

primary magnetic field F there. This field will induce

l,

currents in the Earth, the strength of the induced currents
depending on the conductivity of the Earth in the region. If
the Earth were perfectly conductive the fields of the induced
‘currents may be represented by an image current, Iz, of exactly
the- same strength as the primary current but flowing in such a
manner as to produce opposite effects to those produced by the

primary .current. Hence, with an image current I, of equal magnitude,

2

the induced field, F,, at the point P will be of the same magnitude

25
as the primary field Fl. The resultant field at P, being the

vector sum of these two fields, F1 and F2, will be along the

horizontal, with no vertical component at all. The vector FZ
shown in figure will not exist.
However, with a non-perfectly conducting Earth, the image

current 12 will have a smaller magnitude compared with the primary

current Il so that the magnitude of the induced field at P will

be smaller. The resultant field at P, FR’ again the vector sum of

F1 and'Fz, will now be inclinded to the horizontal and will

therefore have a vertical .component F.Z as shown in Figure 1.

Clearly, then, both the resultant magnetic field FR and

.the vertical magnetic field Fz depend on the conductivity of the

Earth., Spatial variations in F_ and Fz will, assuming a spatially

R
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uniform source for the magnetic disturbance, refléct conductivity
variations in the Earth. The above model is only valid for regions
of . the earth that are approximately horizontally layered. The
field rélationships are more complex near regions of lateral
conductivity variations.

Now consider what happen; when the magnetic disturbance
varies with time. As this disturbance impinges upon the Earth, the
depth of penetration depends on various factors summarised in
the expression:

2 1/2

Skin Depth, d = ( —— ) in MKS units.

This expression shows that the depth at which the amplitude of
the magnetic disturbance falls to 1l/e of its initial value, the
skin depth is inversely proportional to the electrical conductivity
0, to the magnetic permeability of the material 1y, and to w the
angular frequency of the magnetic disturbance. In other words,
higher frequency disturbances are more rapidly attenuated with
depth than lower frequency disturbances.

Then if we. consider a conductive layer, we find that the
vertical variations for high frequencies are strongly attenuated
(stfong image currents) while low frequency variations pass through

the layer and are little attenuated (weak image currents).



WORLDWIDE G.V.A.'S

G.v.a.'s have been described in many parts of the world.
Some' can be attributed to the effect of nearby deep oceans since
"a deep ocean affects geomagnetic variations both as a highly
conductive body (Mason 1963) and as a relatively highly conductive
oceanic crustal province. This effect, called the cost effect,
naturally accounts for only those g.v.a.'s near deep oceans.
The rest of the g.v.a.'s in the world must be due to other causes.

Many explanations for non-coastal g.v.a.'s have been
proposed. All of these rely on apparent electrical conductivity
contrasts between two areas. Hyndman and Hyndman(1968) and Caner(1970)
for example, suggest hyd?ation'as a cause for increased conductivity
in certain parts of the crust. This hydration, perhaps in the
form of interstitial water, may, as suggested by Hyndman and
Cochrane(1971), in their study of the area of the continental shelf
of Eastern Canada, be associated with evaporite, salt layers.
Uyeda and Rikitake(1970) have also shown that many g.v.a.'s are
related to areas of high heat flow.

In the Canadian Arctic, two g.v.a.'s have been documented—-
one at.Alert on Ellesmere Island first reported by Whitham et.
al (1960) and the other at Mould Bay on Prince Patrick Island first
reported by Whitham (1963). Mould Bay is shown in Map 5. Both g.v.a.'s

appear to be due to the presence of a highly conducting layer deep



- 38 -

*760

7 [Fand
’ AN
// Q 0
/
/
/ Princo %
I, Patrich :
‘ J[ tglend
+ 4
t + + ‘, + d Melville  Isiand
/ Pedder_> [
’ . // Point
Beaufort & .
o B° Clurg
o Stroiy
Sea hid
/ - Castel Bay e
/ ~
-
(g}
}
/
(/
/
+ , J
t // +
s Sochs Hoarbour
e
-~ -
N //’ _ - CSS BAFFIN
S 7 X Survey oreo 9

MAP 5 LOCATION MAP (ofter Gool. Surv. Canada, 1969)
, | .
Known North Americen craton aGrec shaded.

7



-39 -

in the Earth's crust. The Alert anomaly involves lateral conductivity
contrasts. Only the Mould Bay anomaly is examined in detail
here since it .is the one to which the Mackenzie Bay anomaly is

probably related.

- THE MOULD BAY ANOMALY

The anomaly in the Mackenzie Bay area appears to be
related to the Mould Bay anomaly for two reasons-—the first is
that the frequency suppression characteristics of the two anomalies
are similar, and the second is the proximity of the two anomalies.
Before examining the data for the Mackenzie Bay anomaly in detail,
a summary of information currently available for the Mould Bay
anomaly is presented.

Whitham (1963) reﬁorted that at Mould Bay, geomagnetic
variations of short periods were severely attenuated. The energy
. density curves for the anomaly showed a 10:1 energy density
attenuation for wvariations of 40-minutes period when compared to.
variations of 100-minutes period. Ionospheric causes of the anomély
were eliminated by normalising Mould Bay records to records
obtained at Resolute Bay on Cornwallis Island which is felt to be
“in' a'non-anomalous' zone. Various models were used in attempts to
simulate the frequency characteristics of the Mould Bay anomaly--—
the one which fitted best has a highly—conductive(lO_lle.m.u.) layer

20 km. thick at the bottom of the Earth's crust. Whitham suggested
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thermal doming of mantle material into the crust as the cagse

of this layer, but this necessitated regional upwarping of

the 1400°C isotherm in order to produce the required conductivity.
At this temperature, ionic semi~conduction in olivine is beiieVed
to yield the required 10-.ll e.m.u. conductivity for the mddel.
Calculations also showed the thermal time constant of éuch.a

body i.e. the time taken for anomalous heat flow to reach the
‘Earth's surface, or, the time required for anomalous isotherﬁs to
develop at.the surface, would be of the order of lO5 to 106 yeafs.
Available aeromagnetic profiles over the area discounted basement' 
mineralisation as the cause of the g.v.a. Finally, evidence"
indicates the anomaly is not accountable for by the coast effect:'
since, firstly, Point Barrow in Alaska does’ not.show anomalousf‘
geomagnetic characteristics such as those observed at,Mould-Béy in-‘
~spite of the fact that Point Barrow is closer to deep ocean than':‘

Mould Bay is, and, secondly, Mould Bay appears to be too far

. .away :from.deep. ocean to be affected by it. Data obtained by

Zhigalov(1960) show that the effects of deep ocean (deeper than
2 km) are not noticed 130 km away. Ocean depths of even 500 metres
appear to be at least 150 km away from Mould Bay as shown in Map 5.

Further work was done .on the Mould Bay anomaly in'1964

. by.Law et_.al (1965) who measured the heat flow at ten stations in

M'Clure Strait. It was found that heat flow values in the area,
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130 km scuth of Mould Bay, were only 0.84 HFU or 57% of the world
average, so that if thermal doming is the cause of: the Mould Bay
anomaly, then the anomaly must either be non—ex1stént 130;km;‘ .
south of Mould Bay, or, the thermal doming causing the aﬁomaly”".
must be younger than lO5 to 106 years (Quaternary), thé:ﬁhgfméi{ w.
time' constant for such aﬁdoming. | .

Later work at Pedder Point on Eglington Islaﬁé(ség“ TN
Map 5) 100 km south of Mould Bay in the direction of the3ﬁeﬁi;flqﬁ :
stations, indicates that the area is geomagnetically anomalous
.(Whitham, .1965) i.e. suppression of the higher frequency magnetic
variations is present. This, therefore, means that the.MOU1djli
Bay anomaly is probably not due to thermal doming, since théz:kf'u
regional upwarping accompanying such a doming would ha§é £6{§aq;gh“
in theA3O~km separating the southernmost known anomaloﬁS are#;:f‘”
Pedder Point, and the thermally non-anomalous heat-flow'sﬁatidnéz
in M'Clure Strait. Of course, the heat—flow values obt#ihed{in :
.M'Clure Strait .may- be qqestionable, particularly becaﬁse bfithéf: "
existence of very deep permafrost.

Other geophysical studies have been made of the_ﬁouldvi a
Bay anomaly. Niblett (1967) reported‘that in a period qff2 mdn;hé1
in 1965, a swarm of 2 000 microearthquakes occurred .15 km‘éou;h;v
east of Mould Bay at a depth of approximately 6 km. Studiéé;éf."
these microearthquakes have shown their cause to be probably

tectonic and not volcanic and their relationship to the Mould Bay .
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anomaly is believed to be highly speculative (Niblett and Whitham,
1967). Other seismological studies do not show any specific results

supporting the idea of thermal doming.

A MACKENZIE BAY G.V.A.

Evidence for a g.v.a. in the Mackenzie Bay area derived
from marine magnetic data collected during this survéy is now
. presented: So far, it has been shown that a geomagnetically
anomalous condition exists if geomagnetic variations recorded.at‘
one location differ markedly from those recorded at another location
over the same period of time. 1In particular, for the Mould Bay
anomaly, the g.v.a. characteristics are suppression of the vertical
field: which implies severe attenuation of the higher frequency
components of the total geomagnetic field variations (Whitham
‘et al, 1960), since the main field lines are nearly vertical at.
this geomagnetic latitude.

As mentioned earlier, during the whole of this survey,
‘a station magnetometer was in operation on land at Point Atkinson
(see Map 5 for location) approximately 150 miles from the survey
area. Two.other oceanographic ships were making studies in the
immediate area; particularly the CSS BAFFIN in an area north of
“Point Atkinson.

.. .. Figure 2 shows the time-series plots of the magnetic

variations recorded by the station magnetometer at Point Atkinson
compared with .the variations recorded at sea. More detailed plots

of the two recordings were made and these are shown in Figure 3
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and Figure 4. Three features are noticed in these figures.

The first feature is that in almost. all plots shown there
is remarkable correlation between the variations recorded at
the two locations.

The second feature is that, though there is remarkable
correlation between the variations recorded at the two locations,
the variations recorded at sea show a strong attenuation of. the
higher frequency components. In almost all. cases, the variations
recorded at sea are much smoother in appearance, lacking the
'spikiness' of the variations recorded at Point Atkinson. Any
‘high frequency components of the variations evident. from Point
Atkinson records that still appear in the variations recorded
at sea, are strongly attenuated in amplitude.

‘The third feature of these plots is that there appear
to.be phase differences between the variations recorded at the
“two locations.. These differences do not appear to be constant.

These three features are typical of a g.v.a. —-in particular,
they appear to be similar to those of the Mould Bay anomaly (Whitham,
1970).

Geomagnetic variation anomalies are usually investigated

‘with three-component magnetometers. With such instruments, it is
then possible to obtain not only time-series records of geomagnetic
variations but also directions can be established since all three
‘components .are known. In this survey, siﬁce only the Total field

-was measured, no directionality of the geomagnetic variations can
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be determined. All that is known is that tﬁere is suppression of
the total field in amplitude and that there is attenuation of the
higher frequency components of the geomagnetic variations. The
frequency characteristics of the Mackenzie Bay g.v.a. are now
examined.

Figure 5 shows the power spectra for the same time
period of station magnetometer variations and of the marine magnetometer
variations. Comparing the two curves, it is apparent that the higher
frequency components shown in the marine magnetometer records are
severely attenuated compared to those of the station magnetometer.
From power spectra such as these, an attempt to compute power ratioes
at various frequencies was made. Figure 6 shows the power ratios
computed from selected time periods of the survey. Though substantial
scatter is present, the figure does show that magnetic variations
of periods around 20 minutes are attenuated severely compared to
variations of. 100 minutes.

The. power spectra were computed using the periodogram
method (Jones 1965). The trend was first of all removed from each
time period segment and end effects were minimised by tapering the
end of each segment using a cosine bell function.

Since the differences in geomagnetic variations are
between..the two locations of Mackenzie Bay and Point Atkinson,
the g.v.a. must lie in the intervening region. Further delineation
of the g.v.a. is suggested by data obtained by the CSS BAFFIN.

When compared ﬁo the same station magnetometer records, the marine
magnetic data recorded at sea by the CSS BAFFIN see Map 5

appear to show little or no suppression of the magnetic variations
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- (Srivastava, pers. comm.). This infers that the CSS BAFFIN survey
area and Point Atkinson must lie in the same 'geomagnetic zone'.

. In that case the Mackenzie Bay g.v.a. must lie between the Mackenzie
Bay area on the one hand, and the CSS BAFFIN survey area and Point
Atkinson, on the other.

Summarising the evidence, therfore, it is seen that

. the Mackenzie Bay g.v.a. appears to have similar geomagnetic character-

istics as the Mould Bay g.v.a. From the locations of the magnetic
variation records examined, the Mackenzie Bay g.v.a. must lie between

.the general Mackenzie Bay area and Point Atkinson.
IMPLICATIONS OF THE MACKENZIE BAY G.V.A.

Probably the most exciting implications of the Mackenzie
Bay are .those related to plate tectonics. Law and Riddihough(1971)
in their study of the geographical relation between tectonic
environments and all g.v.a.'s known in the world, show that all
g.v.a.'s not explainable by the coast effect appear to occur at
- plate boundaries. Classifying all these non-coastal g.v.a.'s
“in terms .of their tectonic environments, they show that all
these g.v.a.'s fall into one of three tectonic environments with
‘the exception of Japan. The tectonic environments are --"along
“the edge..of stable .cratons; within fold belts; along major fault
and rift structures" (Law and Riddihough, 1971). Law and Riddihough

add that this should not be surprising since the various geological
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situations such as hydration of certain parts of the crust and
high heat flow regions believed to cause the electrical cogductivity
contrasts associated with g.v.a.'s do occur preferentially in
the zones affected by a plate boundary. Japan appears to fall into
a separate tectonic classification of its own, that-of an
island arc. However, studies of g.v.a.'s in island arc situations
are very sparse and Japan may be-an exceptional structure.

In particular, Law and Riddihough show that for North
America, all known g.v.a.'s not attributed to the coast effect
either lie at the edge of the North American stable craton or
within fold belts. Map 6 shows their ideas.

In the Canadian Arctic, the two previously documented
g.v.a.'s do indeed fall into one of the three tectonic environments.
They lie within fold belts. The Alert anomaly lies within a
region of "Eugeosynclinal (magmatic) folding that sweeps across
Ellesmere Island and continue in a north-easterly direction over
the' nerthern tip of Greenland" (Niblett and Whitham, 1970). The
Mould Bay anomaly lies within another fold belt, the Parry Islands
Fold Belt.

- As Map 5 shows, the edge of the North .American craton
appears to run northwards along the Mackenzie River, then north-
-eastward .to..cut.across Banks Island and finally eastward to the

.. .Eastern Arctic. That it cuts across Banks Island is significant.
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Preliminary data from g.v.a. stations occﬁpied on Banks Island
(Figure 7) by the Geomagnetic Division of the Earth Physics
Branch of the Department of Energy, Mines and Resources show that:
a g.v.a. exists between Sachs Harbour to the south of Banks Island
and Castel Bay, to the north of Banks Island. Castel Bay records
show suppression of higher frequency magnetic variations so that:
the material underlying the Castel Bay area is of higher conductivity
. compared to that underlying Sachs Harbour.

Looking at the location of the Mackenzie Bay g.v.a. then,
(Map 5) we see that though it lies close to the edge of the North
American craton, the edge as drawn on the map (Geol. Surv. of
Canada, 1969) lies to the south. Further work on the Mackenzie
Bay 'g.v.a. should resolve this discrepancy by defining the extent of
the anomaly better, but for now, it appears that the craton edge
does pass through the region between the Mackenzie Bay and Point
Atkinson as the g.v.a. infers.

Since the Mackenzie Bay anomaly, the Mould Bay anomaly
andAfhe,anomély recorded at Banks Island all appear to lie in
the Parry Islands Fold. Belt, it may be speculated fhat all three
. are related. -Again, further work in the area is necessary; it
may .then be possible to relate with more confidence, the g.v.a.'s
.in ‘the ‘region to the tectonics. The tectonics of.this region may
be important in our understanding of the evolution of the Canada

Basin.
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CONCLUSIONS

The marine magnetic data obtained in this survey is heavily
doped with magnetic noise--this is clearly seen when the records
obtained at sea are compared with records obtained simultaneously
on land by a fixed station magnetometer at Point Atkinson. There.
is' remarkable time-correlation between the two sets of data. The
high- frequency components of the data taken at sea are severely
.attenuated in comparison with the land data. In addition, some
"phase displacement is:evident. The net result is that the noise
variations monitored by the station magnetometer cannot be
directly applied to the marine magnetic data as correctioms. It
appears that no technique available can be used to apply these
corrections fo yield reliable results. Since little magnetic
character.is evident amidst all the noise, it is inferred that
the Mackenzie Bay/Beaufort Sea area surveyed has little magnetic
character. This is not surprising in view of the fact that the
area is the site of vast thicknesses of sediﬁents.

The frequency attenuation of the variations recorded at
. sea and monitored at Point Atkinson in the Mackenzie Bay survey
area, suggest a geomagnetic variation anomaly lies in the inter-
vening region. This g.v.a., called the Mackenzie Bay g.v.a.,
appears to have similar geomagnetic characteristics as the anomaly

at Mould Bay--whether the two anomalies are connected is not known.
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Further work on the Mackenzie Bay g.v.a. would determine this as
well as provide more quantitative data. |

Since this was not a proper g.v.a. survey in the usual
sense, the cause of the Mackenzie Bay g.v.a. cannot be determined.
But it is interesting to note that it lies in the region thought
to be where the edge of the North Americam is presently located.
The relationship .of this anomaly to its tectonic environment adds
strength. . to the concept that g.v.a.'s tend to occur in the zones
affected by plate boundaries, since, it ‘would appear, such zones
among all others should provide the necessary tectonic and geoiogical
situations conducive to. the formation of. zones of contrastin electrical
conductivities thought to cause g.v.a.'s.

From the experiences of this survey, it is suggested
that all magnetic surveys condgcted in the as yet ill-defined
"areas affected by the Mackenzie Bay g.v.a. or any of the other
Arctic g.v.a.'s for that matter, be treated with great care
especially with: regard to correction of the data for the large
amplitude.magnetic noise variatons so common in the Arctic. For
- .marine ‘surveys, .a.buoy .or. sea-floor .station. magnetometer 1ocated.
within the’!survey. area.may give the most reliable data for use in

these corrections.
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APPENDIX I

DECCA 6F NAVIGATION SYSTEM CHARACTERISTICS

Frequencies: Red (Pattern 1) 355.92 kHz
Green (Pattern 2) 266.94 kHz

Propagation Speed 299 650 km/sec.

Decca Master (Hooper Island) 69° 41' 32.186'N
134° 55" 53.786"W
‘Decca Red(Point Atkinson) 69° 41° 32.186"N
134° 55' 43.786"W
Decca Green(Herschel Island) 69° 34' 07.947"N
138° 54" 53.706"W
Base-line lengths: Master-Red 137 482.2 m.

Master-Green 155 387.8 m

Zone 8 N 7 731

Zon E 502

Zone 8 N 7 762

E 636

Zone 8 N 7 722

E 347

381.78
649.21
342.307
554.457
501.814

563.076



DECCA MINIFIX NAVIGATION SYSTEM CHARACTERISTICS

Frequency 1702 kHz

Propagation speed

Master (Shingle Point)  69°
137°
Slave I(Kay Point) 69°
136°
Slave II(Pitt Island) 69°
138°

Baseline lengths

299 650 km/sec.

00'
28'
05!
07'

15"

19' 56.

Master - Slave

Master - Slave

01.

49.

03.

32.

55.

497"
528"
893"
287"

932"

160"

I1

N Zone 8 N 7

N Zone 8 N 7

N Zone 8 N 7

54 907.60 metres

44 995,60 metres

656 233.87

400 817.93
664 007.32
455 153.98
687 375.22

368 354.65
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APPENDIX II

TABLE OF COMPUTER PROGRAMS

PTAPE DECODER

DECNAV + DECCA + DISTAN + MINTY + UNMINT
MAGNAVM + IGRF + TMINT + UMIN

GRID + MXGEN

PLOTTER + MXPAND + PLOT2D

TRACKER

SMPLOTTER

ONEDEE

The following section gives brief notes concerning the above

programs.
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PROGRAM COMMENTS

" PTAPE DECODER

This program reads in Friden-encoded data, checks for complete-
ness and correctness of a whole data unit (one minute's data),
decodes the characters, forms data words from these characters,
~and outputs the data words in EBCDIC (numeric decimal characters).

see Flow Chart 2.

'DECNAV'+'SUBROUTINES
The main program, DECNAV as shown in Flow Chart 3, reads in
.the Start/End Times, the Decca co-ords for the Start/End, the
Decca navigation system in use (6F or Minifix) and the type of
track run (straight line or hyperbolic) for each line. It computes/
‘intérpolates between the Start/End of the line and outputs Times
and Geographic/UIM co-ordinates at specified time intervals. The
- interpolations performed are either linear for a straight—-track
or hyperbolic for a hyperbolic lane-run.
The subroutine DECCA is adapted frqm a version generously loaned
by the Canadian Hydrographic Service (now the Marine Sciences
Branch, Department of Environment). DECCA converts Decca co-ordinate
.readings into Geographic or UTM co-ordinates.
.. The subroutine DISTAN computes the distance in nautical miles,

between two points given the geographic co-ordinates of these points.
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The subroutine MINTY converts the Time parameters recorded
‘during the survey, Sequential Day/GMI Time (e.g. Day 267, Time 2345
hours), into a more manageable single quantity for computing purposes,
Sequential Minutes.

The subroutine UNMINT undoes what MINTY does - namely, it converts
Sequential. Minutes back into Sequential Day/GMT Time. This is done
purely because Sequential Minutes are very large numbers which do
‘not- lend themselves to easy reading, and because Day/time

are used.in the ship's operationms.

MAGNAVM +  SUBROUTINES

The main program, MAGNAVM, reads in the Magnetic Data (Day/Time/

Mag) on the one hand, and the Navigation Data (Day/Time/Co-ordinates)

on the other. It then matchesvthe two sets of data on the basis of

the time parameter (Day/Time). Flow Chart 4 shows how this is done.
MAGNAVM calls the subroutine IGRF which computes the Regional

- Magnetic Field (IGRF value) at a point given the Geographic

" ‘co—ordinates of that point. .

.The two other subroutines that MAGNAVM calls, subroutines TMINT

and UMIN, are the real-number versions of the previously-mentioned

<. subroutines MINTY AND UNMINT respectively.



GRID + SUBROUTINE MXPAND

The main program, GRID, sets up the data, X-Y co—-ordinates of
the scattered data points, so that they are ready to be gridded
onto a square-grid necessary for plotting. The gridding is done by

' how it generates this grid

the subroutine MXGEN which "remembers
after it has done it once. This 'memory' is fed to the subroutine
MXPAND used in the next stage of processing.

MXGEN and MXPAND are both programs written and generously

loaned by Mike Patterson of the Department of Geography of

the University of British Columbia,

PLOTTER + SUBROUTINES

The main program reads in the Z value (may be Total Field
reading for instance) for the scattered data points fed into the
above Main Program GRID. Since the subroutine MXGEN, used in con-
junction with GRID, remembers how to generate the grid, and passes
this information to the subroutine MXPAND, MXPAND merely reads in the
Z co-ordinate and places it in an appropriate location in the square
grid to be generated after weighting. this Z co-ordinate according
to.the:gridding . information.

*This 'remembering' of the gridding procedure results in having
to actually grid the scattered data points just one — because once

the. gridding information is recorded, any set of Z co-ordinates for

. the same scattered data points can be gridded very quickly. As an

example, gridding 6700 scattered data points onto a 50 by 50 square

grid suitable for plotting takes approximately 500 seconds of CPU
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time for the UBC IBM System/360/67. 1f this gridding had to be done
for say, three sets of Z co-ordinates e.g. Total Field, Regional
Field, and Anomalous Field, the amount of computer CPU time would
be 1500 seconds CPU time.

However, using MXGEN/MXPAND and 'remembering' the gridding pro-
" cedure results in 500 seconds CPU for gridding the first set of Z
- co—ordinates but only 1.5 seconds CPU for gridding each subsequent
set of Z co-ordinates.

After -gridding via MXPAND, the main program PLOTTER calls the.
subroutine PLOT2D which plots‘and contours the data-grid. PLOT2D
‘was written by Dr. T. J. Ulrych of the Department of Geophysics
of the University of British Columbia, who unselfishingly loaned
it. The contouring routines called by PLOT2D are those available at
the University of British Columbia.

.. PLOITER generated the mapé shown as Map 1 to Map 4.

TRACKER

TRACKER plots the ship's positions for the whole cruise. A
;. position .every minute or a position every 'n' minutes are plotted
where 'n'-is selected by the user. For this cruise, a position

“-every 10 minutes was plotted as seen in Map 1.
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SMPLOTTER

SMPLOTTER merely plots selected perioeds of station magnetometer
data. The periods .are selected by the user who supplies the program
with the station magnetometer data, usually on magnetic tape.
SMPLOTTER scans the data for, and plots, the periods selected, along
with- the appropriate axes etc... The station magnetometer traces in

‘Figure 3 and Figure 4 were generated by this program.

ONEDEE

ONEDEE reads from.the user, instructions as to which marine
magnetic lines(traverses) are to be plotted in profile. It scans
an input tape containing marine magnetic data for all lines,
picks out data for the line selected, and scales/plots the data
for that line in time-series. Profiles of marine magnetic data

shown in Figure 3 and Figure 4 were plotted by this program.
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FLOW CHART 2

'PTAPE-DECODER' = FLOW CHART:

‘ START ’ )

Scan paper fape
frames

It end-of-file or
end-of-tape encountered

Zero rest of
‘o/p biock

\

Write bdiock on osp. tope /

Print paper-taps statistics

e-0-f or e-0-t ?

‘ 0t

Found
starting F(l1)
character 2

yes

P ol I
Read rest of 60- Move Fli} 1o
frame orroy storting position

sepaorotors 0.k, ?

Decode data
frames -

decodeable ?

Form data numbers

L

Check mag reading is
within limits

|

i Doy or Time word, » 9999.
# Mag word, = 0000.

Averoge mags over number valid

30 minutes data o/p ?

yes

Print spot check

Write decoded data on o/p

tapes in blocks
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FLOW CHART 3

PROGRAM °‘DECNAV‘' - FLOW CHART

( smanr ) : ;

J

WP Line Dote”

Interpolotion ?
Linear or

Hyperbalic ?

sbrtn
DECCA

Convert Stort End
DECCA Co-ords o

Lineor

UTM/ Geog Co-ords

|

Lone traversed

Oetarmine OQECCA

Betwaen Them

Compute Posns Along

Lone @ Distances

Compute Line Time/
Length @ Ship Speed

Compute Line Time/

Sbrin

DISTAN Length & Ship Speed
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Lingarly Ship Speed
OECCA
Print
Ship Speed
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O/p Interpoloted
Times, UTM 8
Geog Co-ords

Back 1o
START....

.. Line Oato IP Stort Time 8 DECCA Co:ords
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FLOW CHARY 4

'MAGNAVM' -  FLOW CHARY

2 succEssvt

CNOFRES READ

SBRTN TMMT

CONVERY NaV O/T
10 ‘MINUET*

L

SR TRNT

L ~
A0 DATA

CONVERT MAG OVY
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. APPENDIX IIL

This contains. the source listings of all the programs used
in.the reduction-of "data for- this survey, with the. exception of
the Subreutines MXGEN .and-MXPAND which were written by and
.available .only from Mike Patterson ‘of- the Department of Geography

at the tniversity of British Columbia.

A table  of .all the computer programs.can be. found at the
béginning of  Appendix-II, while Flow €Charts-for-three of the
‘major.programs-can be found at the latter part of the same

Appendix II.
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ARk dckokhokydkkkdkkdkkk PLEASE RETURN TC CEOPHYSTICS CEFARTMENT ot asikdniidddtoddk
$SICNON RGOH T=3C P=75 COPIES=4C PRIO=L

*%¥LAST SIGNCN WAS: 10:54:15% THU MAR 3C/72

USER "RGCH" SIGNEL ON AT (C8:36:10 CN FRI NAR 31/72

$COPY *SOURCE#*@-CC %S INK*

REEEREEE SRR RSN FRCGRAM 'PTEAPE LECCGDER? LEESEREREEREEEERSSE S L T L 2
C*%*THIS FRCGRANM DECCCES FRICEN-CCLELC PAFERTAPE NUMBERS INTC DECIMAL NUMBERS

C PERFORMS VARIOUS CHECKS, AVERACES THFE CATA & WRITES THE C/P CN COMPUTER-TAPE.
C WRITTEN FCR MARINE-MAG CATA - CAY,TIME,1C MAGS. RCCQLE GCH UuBC JUNE.1ST1.
(L EE SRR R R EREREE RS2 2 L 2L SRR b st bt it RARRREERR SRR SRR 2 R0 LR 5]
C——-- PCNT=(1/P) PAPERTAPE FRANME CCUNT. CCNT={C/P) LATA-FCINT CCUNT WITHIN

C AN O/P BLOCK(SIZE SET BY CCNT NMAX.). FCR EACH PAPERTAPE, € IS THE NQO.

C {(F C/P BLCCKS SC TEHAT THE TCTAL NC. OF CATA-PCINTS O/P FOR THAT P-TAPE,

C (TCCNT), IS GIVEN BY: TCCM=({(C-1)*ELKSIZE)I+CCNT(FOR LAST ELCCK)

C-wommm IN EACH MINUTE OF PTAPE, THERE ARE FPVM FRAMES/MINLTE, wPF CATA-WCRDS/VMIN.
C WITE TMAG MAC-REACINCS OF WHICH PERFAPS VMAG ARE VALIDIMAGS).

Cr===- FCR THE PAFERTAPE, THERE ARE FFCP FRANES/CATA-FCINT(WHICH INCLUCES TFE

C SEPARATOR-FRAME) OF WHFICH FPW FRANMES NMAKE LF A LATA WORC.

C-=--- F11 IS 2 CCUNT wWHICH IS INCREMENTED EVERY TIME A F{11) CHARACTER IS FCUNC
C WHETHER THE LCATA FCLLCWING IT IS VALIC CR NCT.

Crmem= THE FC ) & T( ) ARRAYS IN MAMELIST STCRE THE FRIDEN-CODE CHARACTERS ANC

C THEIR CORRESPONCING TRUE(LECINAL) NULMBERS RESPECTIVELY.

Coem—- CHAR( ) IS AN ARRAY CCNTAINING SUCCESSIVE CHARACTERS THAT MAKE LP A NUNBER
C EACF OF WHICH IS STORED IN A NUMBER( ) ARRAY, WFM LCNG. THE NUMBERS ARE

C MANIPULATED ANL THEN O/P INTC THE DATA{ ) ARRAY WHICH IS C/P CN MAGTAPE.
C-===- CATA( ) IS THE FINAL ARRAY INTO WHICH THE DATA IS PLT PRICR TO O/P CN MAG
c TAPE. ITS LCCATICNS CONTAIN CAY, TIME & AVNAG IN SUCCESSIVE LOCATIONS. NC

C CTHER DATA IS O/P ON THE MAGTAPE. ANMAG=AVERAGE CF 1 VMINUTE'S MAG-REALINCGS.
C-===- A DATA-PCINT IS DEFINEC AS 2 NUMBER DESCRIBING A DATA PARANETER BE IT DAY
C CR TIME GCR AVMAG. SCy CCNT, THE CATA-POINT CCUNT, UPS IN THREES FOR EACH

C MINLIE OF DATA CECCDED ANE C/F.

C-——-- FRAME( ) IS ARRAY CONTAINING 1 MINUTE'S PAPERTAPE FRAVMES

C ELUMM( ) & FRIMEL ) ARE (THER ARRAYS OF THE SAME SIZIE AS FRAME( ).

C-—m———~ OLIM=TCTAL NO. OF MAG-REACINCS FCUND(IN £ PTAFE) CUTSICE LIMITS SPECIFIED.

C-=mme BUMF=TOTAL NC. OF PAPERTAPE FRAMES FOUND INCECCUEABLE{(IN A PTAPE).

C

CH*¥*%4%%x(0C/P BLCCKSIZE - OPTINUN BLCCKSIZE FOR UBC IBM 260767 IS 409€ BYTES

c WRITE FORMAT FCR C/P TAPE=1E PER [ATA-WCRD. WE HAVE 3 CATA-WCRDS(DAY,
C TIME & AVMACG) PER DATA-SET, HENCE 15 BYTES. S0 MAX. BLCCKSIZE=409¢/15
C =27C CATASETS(NINS»=4FER,32MINS)., SC SET OCNT=27C*3=81C MAX.

c

C##%4%4%%%DON'T FORGET — ASSIGN O/F MAGTAPE TO I/0 UNIT 3111ttirrry
2 EE LR L3RR ER ISR Rttt s R SRR ERE RS RS R

IMPLICIT INTECER*4(A-2)
CINENSICN CHAR(4), NUMEER(121), F{22), T{12), FRAME(EC), FRIME(EC),
+DUNMN(EC), DATALELC)
Crmmmmm IsP CATA CONSTANTS
CATA FPW.FPLPyFPM,TMAG WPM,F (L) F(2)4F(2),F(4),F(S),FLE),F(T),F(8)
+9F(G)yF{1C)sF{11),F(12),F{L3)5T{1) T 2),TU3)TL4) ,TIS)sT(E),T(T7),



ATIB),TUI)yTH{LIC) oy TULI1) 9 T(12)5T{123) /4954609 1Cs1241 4241934421 422,7,8,
+25 9324128998984 4914929 2434959649 7498+4G90,128,GE,84/
Cot o b ododeskotok ok ok ok ok ok Aok Aok R A Rk F Rk A A A A AR AR SRR A A SR A A AN AR I A A F A AR IR AR A D%
C
g8 PTNO=32Q0
C-————---- SET UP CCUNTS FOR EACE PAPERTAPE PROCESSED
cS BUMF=0
PCNT=C
F11=0
c=1
CLIN=C
C
CA*3dk%x%SET CCNT UP(DOCNT CHECKED TO SEE IF O/P BLCCKSIZE REACHEL)
C CCNT=0 UNTIL FIRST MINUTE'S GCOD DATA FCUNDISEE 142 & 17C)
1CC OCNT=C
C
CHA2 4442 %SCAMN PAPERTAPE FOR F(11) CHARACTER
101 CALL FTAFE({IFRAME,611,£821)
PCNT=PCAT+1
1CZ K=1
104 FRANE(K)=TAES{IFRAME)
IF(FRAME(K)LECLF(11)) GC TC 106
C-—————=--- FL11) NCT FCUND. SCAMN AGAINL(PRINT MSG IF THIS IS NCT START OF PTAPE)
C (MSG NOT FRINTED IF FRAME(K)=C WFICH IS GEMERATED BY BLANK PAPERTAPE)
IF(FRAME(K)LEC.C) GC TC 1C1
IF{CCNTLGT.C) WRITE(E,7) FRAME(K), CCNT, NUMBEF(1), NUMBERIL(2)
7 FORMATI(1X, *LCST Fll. FOUND'y, I5, *. NG CATA LOST IF END (F PAPERT
+AFE SECTICN. CCNT='y [&4, ' — AFFRCX DAY?', T4, *'/TIME?, £0 0 %%k

+ARA K )
GC 10 101
C-------- F(11) FOUND. PRINT MSG & READ IN REST CF FRAMES FOR 1 MINUTE COF DATA
C KEEPING PCAT GCING

1Cé Flli=F11+1
[F(F11.CGT.1) GO TO 1C7
WRITE(6,1) FTNO, PCNT
1 FCRNAT('C*y 3X, "PAPERTAFE NC. ', 12/1X, *'FIRST F{11) CHZRACTER FO
+UNC AT FRAME NO. ', I%)
107 GO 120 K=2, FP¥
CALL PTAPEU(IFRAME,L11,621)
FRAME(K)=TABS(IFRANE)
PCNT=PCNT+1
120 CCNTINUE

C-—=—==-- NOW HAVE 1 NMINUTE'S FRAMES. CHECK SEPARATCRS PRESENT.
13C IF{FRAME(FPCP+1).NE.F(12)) GC TO 142
M=WFM-1

DC 139 N=2,¥

L=(FPDP*N)+1

[IF(FRAME(L).NELF{13)) GO TO 142
136 CONTINMNLE

GC TO 1¢€C
c
CAX2 14 4¥%SEPARATORS GOOFED LP. BOMB WHCLE PROGRANM IF PCNT.GT.E6CO & STILL NC GCCC
C DATA FCUNC YET. CTHERWISE SCAN INSIDE 2RRAY FOR F(11) TC RESTART.
C TEST FCR BCMB-OUT CNLY NACE FCF START CF PTAPE{].E. ELOCK 1)

142 IF(C.CE.Z2) GO TO 143
IF{PCNT.GE.600.ANC.OCNT.EQ.C) GO TO 4CC
143 DC 144 J=2,FPV
IF(FRAME(J)LEG.F{11)) GO TO 147
144 CCMTIMNUE
Lammmm—mm F{11) NCT IN ARRA2AY - PRIDMT MSG & RESTART SCAN CF PTAPE FOR F(11)



WRITE(€,G) CCNT, NUMBER(1), NUMBER(2), FRAME
3 FORMAT(1X, 'SEPARATORS GCOFEL & F11 NOT IN ARRAY. CNE MINUTE''S CA
+TA LOST AT CCNT=%, T4, ' - AFPRCX CAY'y I4y, */TIME', I5, ' *¥%3%%
+XAEEEV/IX, 'CGCCF IS IN THIS ARRAY eeeae?/1X, 3014/1X%, 3014)

GO 70 101
Crmomme = F{11) IN ZARRAY. UP F11 COUNT. SFIFT ARRAY SC J IN 1ST ARRAY LOCATICN
c LSE DUMM( )} FOR TEWPCRARY ARRAY, PRINT NMSG, LCCATICON & GCCFEC ARRAY

147 Fll=F1l1+1
WRITE(6,8) CCNT, NUMEER({1), NUMBER(Z), FRAME
&€ FCRMAT(1X, 'SEFARATORS GCCFEL & F1l1 IS IN ARRAY. CNE MINUTE''S CAT
+A MAY BE LOST AT CCNi1='y 14, ' - AFPRCX CAY', 14, ?"/TIVE', 15, !
+44AA%%V/1X, 'CCCF IS IN THIS ARRAY ..ses'/1X, 2CI4/1X, 3Cl4)
CO 148 JJ=1, FE¥
148 DUMM(JJ)=C
JJd=1
DC 149 NN=J, FFVM
DUNMN(JJ)=FRAME (NN)
JJd=JJ+1
149 CCMTINUE
V=FPM=J+1
Jd=1
DO 151 N=1,M
FRANE(N)=CUMM(JJ)
Jd=dJd+1
151 CONTINLE
C-—---~-- READ IN SCME MORE FRAMES TO FILL ARRAY. THEN CHECK SEFARATORS AGAIN.
L=FPM-J+2
DO 152 K=LFP¥
CALL PTAPE(IFRAME,£11,521)
FRANE(K)I=TAES (IFRAME)
PCANT=PCNT+1
152 CONTINLUE

GC TO 130
C
CH¥%42%x%x%SEPARATCRS CoK. SET FRINE( )=FFRAME{ ) : FRIME( ) USEL FCR SPOT-CHECKS
C LP OCNT, PRINT MSG IF CCMT=1 - THEN CECCCE LCATA FRAMES.

16C LG 165 P=1, FPM
FRIME{P)=FRANE(F)
165 CONTINUE
17C GCNT=0CNT+1
TF(CCAT.CT.1.0R.Q.GT1) €C TC 171
TCANT=PCNT~-FPM+1
WRITE(€é,2) F11, TCNT
2 FCRMAT(1X, 'FIRST MINUTE WHERE SEPARATORS C.K. AFTER ', IS, ' Fll1
+CHARACTERS FCULNE - AT FR2ANE NC. ', 15/)

C———=m=- SET LP VALIC-MAG CCUMNT WHICE CRCPS AS EACE INVALID NMAC FCUNC
171 VMAC=TMAG

c

CAd¥xruxxDECCDING .

C TACKLE ALL WORDS IN CNE PMINUTE.

172 CO 199 [=1,WPM
JZ=(I*FFLF)
12=3Z-(FPDP-2)

C—-—mme- TACKLE EACE FRAME, STORE IN WCRD ARRAY FUORNING NUMBERS FROM WORES
C AS EACH WCRL STOREL.
M=1
0O 177 K=12,412
C-———-—-- FERE IS THE KEY CECOLING LINE - FIND WHAT FRIDEN CHARACTER EACH FRAVME
C IS & THEN SET FRAME TC CCRRESFCNEING TRUE(LECINAL) NUMBER.

B0 174 J4=1,1C



[IF(FRANE(K)LEC.F(J)) €O TC 176
174 COCNTINLE

=== FRAME NCT CECODEABLE - IMPVALID CHARACTER{PIAFE PUNCKFINC ERRCR?)
C NCTE I CONTROLLEC EY STATEMENT 171
C——-—- (A)IF NMAG-FRAME, ZERO WHCLE WCRLC(AUNMBER(I) & CROP VALIC-NMAC COUNT

ECNT=PCNT-FFPM+K
IF(T.LE.Z2) €O TO 175
WRITE(E,10) FRAME(K), ECNT, CCNT, NUMBER(1), NUMBER{2)

1C FCRNMAT(1X, 'FRILCEN CHARACTER', I5, ' INVALIC:MACGC-FRANE NC.'y 17, °*
+ - OCNT IS'y 14, '. MAG-READING ZERCED. AFFROX DAY', 4, '/TINE?',
+15, ¢ Hhphkd )

NUMBER(I)=C
VMAG=VMAC-1
BUMF=BUMF+FPW
GC 7C 199
Cm—m—= (BYIF DAY (R TIME FREANE, 9999 WHCLE WCRC & CONTINUE NEXT WORD
175 WRITE(é&,2) FRAME(K), ECNT, CCNT, NUMBER(1), NUNBER(2)

3 FORMATI(1X, *FRIDEN CHARACTER'y, 15, ' INVALID:DAY/TINE FRAME NO.',
+17, * - CCANT IS*', 14, ', CAY/TIME SET TO S¢SS. APPROX DAY', 14, '/
+TIME', 15, ' #%%k%kt)

NUMBER({I)=6S¢¢S
BUNF=BUNMF+FFW
GC 10 186
Lommmmm- FRAME CECCDEABLE. SET FRAME TC TRLE NC. & FCFM WORLC FROM CHARACTERS.
176 FRAME(K)=T(J)
CEAR(NM)=FRANE(K)

M=M+1
177 CONTINUE
C
CHexd¥xx*CCANVERT CHAR ARRAY INTC SINCGLE NUMEER(AUTO SKIPPED IF NUMBER=0Q OR ¢<5¢%9)
C-———-——- GET LAST CICIT
NUMBERI{TI)=CHAR{FPW)
C--—-=-——-NCWw CET CTHER CICITS. NCTE *1' CCOCNTROLLEL €Y DO STATEMENT 171.
TEMP=FPW-1 ‘
DO 182 ZI=1, TENP
FAC=FPW~-1

NUMBER({I)=NUMEER(I)+(CFAR(FAC)*(10%*%2))
182 CCNTINLE

C
CHad*4%3%NCW CHECK NMAG-REACINCS WITHIN CHOSEN LIMITS SC BAD VALUES REJECTED
C FCR MACEAY, HI-LINIT=XGCCC GANMAS, LC-LIMIT=XT500 GAMMAS{UNDERSTOOD X=5)

187 IF(I.LE.2) GO TO 199
IF(NUNMBER(I)CT.9000.CR.NUMBER(I).LT.750C) GO TG 182

C-——m—- MAG-REACING INSICE LINMITS - C.K.
GC 10 185
C-—------ MAC -REALINC OUTSICE LIMITS - ZERO MAG, DRCP VMAG-CCULNT & UP CGLIM-COUNT

12 WRITE(E, 4) NUNBER{1), NUMEER(2Z2), NUMEERI(I)
4 FORMAT(1IX, *'DAY?*, 15, */TIME', 15, ' - MAGC-REACINC CF*, 15, ' CFF
+L IMITS SO WAS SET TO ZERD FRFFAXAEFFFFERET )
NUMBER(T )=C
VMAG=VMAG=-1
CLIM=0LIM+1
169 CCOMTINUE
c
CAadds4%34NOW HAVE NUMBER ARRAY WITH DAY, TINME & VVMAC-MACS. IF VNMAC=0, PRINT MSG,
C SET AVMAG=C FOR O/P({ON TAPE)
2C0C IF(VMAG.GTLC) GC TG 202
2C1 AVMAG=C
WRITE(€é,5) NUMBER(1), NUNBER(Z)
5 FCRNAT{1X, 'NC VALILC MAGS AT ALL AT DAY ', I5, ' - TIME *, I5)



Comommme- VMAG NCT ZERG - SET LP '[CATAY LfRRAY TC C/7P AS A ELCCK. STORE LDAY-TIME

C -AVMAG CYCLICLY AND WRITE CN O/P TAPE CNCE BLCCKSIZE REACHEL.
C-—~-- (A)STCRE C2Y 1IN 'DATAY ARRAY

202 DATA(CGCNT)=NUMBER(1)

Commm= (B)STORE TIME

CCNT=0CNT+1
CATA(CCCNT )=NUPMEER(2)
IF{VMAG.GT.C) GC TO 2C4
C————-— VMAG=C SO BYPASS MAG-AVERAGING & SET AVMAG=0
CONT=CCNT +1
AVNMAG=0
GO 10 20¢
C-———=—— (C)STORE AVMAC — CALCULLATE AVMAG FIRST(RCUND INTEGER UPWARCS)
204 CCNT=CCRNT+1
SUN=0
DC 207 1=3, WPM
SUVM=SUN+NUMEER(T)
2C7 CONTINLE
AVMAG=1.%SUN/VNAG+.E
2CS CATA(OCNTI=AVMAG
CHAdt4%kd*xFCR SFCT-CHECK, PRINT FTAPE FRAMES & CECCDED O/P FOR VISULAL COMPARTSCA
C EVERY 3C MINS CF CATA(FERIGLC SET BY XX IN 'NCD{CCNT,XX) WHERE XX IS THE
C CCNT PERIOC=(PERICD IN MINS)*3 (SINCE I MIN. DATA C/F UPS CCNT BY 3)
216 IF(MCD(CCNT,90).EQ.0) WRITE(E4&) CCNT, Q, FRIME, NLMBER, AVMAG
6 FCRMAT(1Xy "eoeesSPCT-CHECK AT CCNT CF'y Il4y * C/P BLCCK NG.', 13/
+1X, 'THE FRIDEN-CODELC FRAMES ARE '/1X, 3C14/1X, 30I4/1X, 'THE CECO
+CEC C/P NUMEERS ARE '/1X, 1215/1X, 'CONPUTED AVERAGE MAG-READING =
+ AVMAG = 5', 14, ' GANNRSY)

C
CA2 42444 xCHECK IF BLOCKSIZE REACHED - YES? WRITE CN CG/P TAPE WITH I5 FORMAT.
C BLOCKSIZE MAX. OF 81C CHOSEN AS PER COMMENTS AT START CF PROGRANM,

IF{CCNT.LTL.E1C) GC TC 1C1
WRITE(3,¢65) CATA
G99 FCRNMATI(90(915))

C=C+1
GO 10 1¢C
C
CHxxxx¥%*¥WHEN ENC CF PTAPE FOUNC(CALL PTAPE EXIT €11)
e WRITE CATA( ) ARRAY ZERCING UNULSEC LCCATICANS. CALCULZTE TOTAL O/P
C DATA-PCINT COUNT{TOCNT) FCR THE PTAPE.

11 KK=(CCNT+1
DC 220 IK=kk, 810
DATA(IK)=C
22C CCNTINUE

WRITE{(3,999) L[ATA
TOCNT=(Q-1)*81C+CCNT
MINCT=TGCNT/ 3

TEMPO=CCNT

TENFCL=TENPC~-1
TEMPO2=TENP(C1-1
WRITE(€,12) PTNO, PCNT, BUMF, MINCT, Q, CLIV, CATA(TENP(C2),
+DATA(TENMECL),y CATA(TENPC)

12 FCRNAT('C'y 4%, "FINAL STRATISTICS FCR PAPER-TAFE NC..", I2/1X,'PTAP
+E FRAMES COUNTED = 'y 17, ' — NUMBER INDECCDEABLE = *, I5/1X,'NUMB
+ER CF NMIMNUTES OFf CATR O/P =%, 15, ' IN'y 12, * BLOCKS CN MAGTAPE'/
+1Xy, 'NULNBER (CF MAG-REACINGS CUTSICE SET LIMITS =9, 14/1Xy 'END OF
+PTAPE FOULND AT CAY?', 14, ', TINME?', 154 ', LVYMAEC S', 14, ' GANMASY/
$/1X, Vhddckk R AckRRok AR Rk R oAb A h R d Fookokdokok Rk d okl 3 3 % dokok bk ob b o B ko kokok
FERA R AR AR AR AR AR A A S A AR kR 1/ )

- WRITE END-CF-FILE CN C/F MAGTAPE & CFARCE (N TC NEXT PAPERTAPE



ENCFILE 3
PTNC=PTNCH4]

C-===--- GCTC ECC INSTEALC IF EXIT AFTER 1 PTAPE WANTEL. FCRMAT STMT 696 0.K.?
GO TO 99

C

CHddd4%xxkWHEN ENC CF ALL FTAPES FCUNC(CALL PTAPE EXIT &21)

C REPEAT STEPS AS &11 EXIT BLT EXTRA WRITE MSC & EXTRA ENCFILE

21 KK=CCNT+1

£C 221 1K=KK, 810
CATA(IK)=C

221 CONTINUE
WRITE(3,999) [ATA
TCCNT=(C~-1)*B10+CCNT
MINCT=TOCNT/3
TEMPO=CCANT
TENMPOI=TENP(-1
TEMPO2=TENMP(C1-1
WRITE(€,12) PTNO, PCNT, BLMF, MINCT, Q, CLIV, CATA(TENP(CZ),
+DATA(TEMPCL), CATA(TENPO)
WRITE(€,22)

22 FORMAT(1X, *THATS ALL THE PAPER TAPES *&sckfktfddkdidokk kR iohikk? )

C-=me==- WRITE TwC ENDFILES CN C/F MACGTAPE AND QUIT
ENDFILE 3
ENCFILE 3
GC 10 5CC

C

CaaxdxixxBCNB CUT CPTICN

4CC WRITE(€,31) PTINC

31 FORMAT{1X, '#¥*¥%%k BOMB OUT #*%x%x SEPARATORS GOCFED EVEN AFTER FIRS
+T €CC PTAPE FRAMES READ. CHECK INFUT CATA. PTAPE NGO. = 'y 1I2)

5C0 sS1CP

ENLC

$CCFY *SKIP %SINK#



$CCPY *SCURCE*@-CC *SINK*a-~CC
e %ok ek DECCA NAVIGATICN PRCGRAM *'DECNAV? AR EF

CAY/TIME/CECCA CD-0ORDS OF AN OBSERVER ARE READ IN AND
DAY/TINE/SEGUENTIAL MINUTES/CEOGRAPHIC CO-ORDS ARE COMPUTED.

DECCA CO-0ORDS INPUT ARE FOR START/END OF A LINE - TEE TYPE OF LINE(STRAIGHT
CR HYPERBOL IC) AND THE DECCA CHAIN(6F OR MINIFIX) USED ARE [/P : THE PROG
WILL INTERPCLATE(STRAIGHFT OR HYPERBOLIC) ACCORDINGLY, AND USE THE APPRUPRIATE
CHAIN PARAMETERS.

C..BEFORE COMPILING/EXECUTING, SET UP DECCA CHAIN PARAMETERS €& OPTION LIST.
c LCNT 4y MCNT=COUNTS TO PRINT CHAIN PARAMETERS ONCE ONLY.
C***x LCGICAL UNIT 6 LINE PRINTER, 5 = LECCA CO-CRD DATA(PRECEDED BY FCUORMAT)
c 4 PROGRAM C/P(USUALLY CCMPUTER TAPE).
C 8 DEBUGGING & MINDR ERROR NSG N/P - SET=%CUNMMY*® TC XIiLL.
IMFLICIT REAL#*8(A-H,0-7)
INTEGER*4 DAY, TIME
DIMENSICN LINE(2), FMT1(20), FMT2(2C), CAY(1000), TIME(1COQO), PATT
+1(1000), PATT2(1000), MINUET(1000), GN{1CCO)y GE(10CO), DLAT(1000)
+y DLON(10CC) 4 DIST(1000), FIXX(1CCO), FIXY(1200), OMIN(1COO), BDIS
+T(1000),IYAD(1000),EMIT{1CCC) ,GEQECX(1CCO),GEDGY(1000)
DATA H/'H'/,Q/ 'L/ 4P/ *MY/,S/1S"/
CCMMON FIXIN, Hy Q9 Py Sy LCNT, MCNT
CoeeseOPTION LIST. PLEASE SET UP ACCORCING TO REQUIREMENTS.
FIXIN IS FIX INTERVAL IN DECCA LANES - FIXES WILL BE CCMPUTED EVERY
FIXIN LANES FOR INTERPOLATICN (IF HYPERBOLIC).
IMINT=TIME INTERVAL(IN NMINS) BETWEEN FINAL C/F FIXES COMPUTED.
LMINT=2.0 '
SET IOTM=0 IF DAY/TIME/MINUET/POSITIONS O/P WANTED.
IDTM=1 IF DAY/TIVE/PCSITICNS C/P WANTED.
IDTM=2 IF MINUET/PCOSITICNS C/F WANTEC.
SET UTM GRID CONSTANTS AT STMT 1000.
FIXIN=1.0 SET UP AFTER STATEMENT #9C.

IDTM=0
IMINT=2.0
CeeseeREAD IN FORMAT BEINC USED FOR DECCA CO-0RD 1I/P.

READ(5,50) (FMT1(I), I=1,20)
50 FORMAT(2CA4)

zEeNaNaNeNeNale

OO0 OO

c FOR MACBAY, (1X3 159 1Xs 145 1X3T14y1X3FT7e331XsF72a3,1X3A131X,A1,1X,A3)
CoeeseSET UP COUNTS. RESET NCT NEEDED - PRINT ONCE CNLY PER PROGRAM EXECUTICON.
80 LCNT=1
MCNT=1

CeeeeeREAD IN LINE I.D./DAY/TIME/CECCA CO-ORDS/SELECTIONS.

C SELECTICNS: CHAIN = V FCR MINIFIX CHAIN.
c CHAIN = S FOR 6F CHAIN{(BOTH CHAINS ARE DECCA SYSTEMS).
c TRACK = H IF SHIP*S TRACK IS HYPERBOLIC.
C TRACK = L IF SHIP*S TRACK IS A 'STRAIGHT' LINE.
c LINE CODE=1:START CF LINE (E.C. 10011 FCR START OF LINE 11}
C =9 :END OF LINE (E.G. 9CCl1l FOR END OF LINE 11).
c =99999 IF LAST CARD.

90 I=1

FIXIN=1.0

101 READ{(5,FMT1,ERR=8000, ENC=9000) LINE(1),DAY(T) ,TIME(I),PATTL(I),PAT
+T2(1),CHAIN,TRACK,PTNC
CeseesCHECK IF LAST CARD.
IF{LINE{1).NE.99999) GO 10O 120
WRITE(6,110)



110 FORMAT(1X, *NORMAL JCB TERMINATICN®)
SToP 1
CeaessCHECK IF CARD IS FOR START OF L INE.
120 LCHK=LINE(1)/10000 ’
IF(LCHK.EQ.1) GO TO 125
C CARD IS NCT FOR START OF LINE. PRINT MSG £ READ NEXT CARD.
WRITE(6,4126)
126 FORMAT(1X, *THIS IS NCT CARD FOR START (CF LINEseawe?)
WRITE(648050)
WRITE(6,FMT1) LINE(L)yDAY(T1)},TIME(L),PATTI(I),PATT2{(I),CHAIN,TRACK
+4 PTNOC
GO TO 90
125 CALL MINTYA(CAY(ID),TIME(T),MINUET (1))
C PRINT 127, 1, DAY{I), TIME(I), MINUETI(I)
C 127 FORMAT(1X, 'FOR I=',15," DAY/TIME/MINUET=1, 3(1X,17))
CoeeeREAD IN NEXT CARD ANL CFHECK TF FOR END OF SAME LINE. READ AGAIN IF NOT.
130 J=1000
READ(S5yFMT1,ERR=808C,ENC=9000) LINE(2),0A8Y(J)yTIME(S)y, PATTL(J)}, P
+ATT2(J)y CHEAIN, TRACLK, PTNO
LDIFF=IABS(LINE(2)-LINE(]1))
IF{LDIFF.NE.8CG00) GC TC 146
CALL MINTY(DAY(J) s TIME{J),MINUET(J))

C PRINT 136, Jy DAY(J), TIME(J), MINUET(J)
C 136 FCRMAT(1X,'FOR J=',15," DAY/TIME/MINUET="', 3(1X,17))
GO TO 1¢0

146 WRITE(6,150)
150 FORMAT(1X, "%%% ERRCR...START/END CARC-PAIR NOT FOUND. CARDS ARE?')
WRITE(6,FMTL1) LINE(L),DAY{I),TIME(L) PATTLI(I),,PATT2(1)sCRAIN,TRACK
+y PTNO
WRITE(6,FMT1) LINE(2),0AY(J),TIME(J),PATT1(J)4PATT2(J),CHAIN,TRACK
+,PTNO
153 GG TC SC
CeseesHAVE START/END CARDS FOR SAME LINE. CHECK WHAT INTERPOLATION NEEDED.
c TH' FOR HYPERBOLIC : 'L?' FDOR STRAIGHT LINE.
160 WRITE(6,4162) ‘
162 FORMAT(1X, 'START & END OF LINE BEING PROCESSED <.a')
WRITE(6,8050)
WRITE(G6,FMTL) LINE(L)o0AY(I),TIME(I) PATTI(IL) PATT2(I),CHAIN,TRACK
+4,PTNO
WRITE(6,FMT1) LINE(2),DAY(J),TIME(J),PATTL(J) ,PATT2(J),CHAIN,TRACK
+,PTNC
IF{TRACK.EQ.H) GO TC 170
IF{TRACK.EQ.Q) GG TC 7CC
Ceeoe o TRACK TYPE UNSPECIFIED. ERROR.
WRITE(6,165)
165 FORMAT(1X, *'TRACK TYPE UNSPECIFIED FCR THIS LINEeass')
WRITE(6,8C5C)
WRITE(6,FMTL) LINE(L),CAY(L),TIME(I),PATTI(I) PATT2(1),CHAIN,TRACK
+4PTNC
WRITE(64FMT1) LINE(2),0AY(J)»TINELJ),PATTLI(J) +PATT2{J),CHAIN, TRACK
+y,PTNO
6C TG 90
CxexkXxHYPERBOLIC INTERPOLATICN NEEDED.
C HAVE DECCA CO-ORDS FOR START/END CF LINE. CETERMINE WHICH IS TRACK LANE.
170 IF(PATTI(I).EQ.PATT1(J)) GO TO 210
IF(PATT2(1).EC.PATT2(J)) GC TO 280
Ceeoee SOMETHING WRONG. NO TRACK LANE FCUNLC. PRINT MSC & READ NEXT CARD.
WRITE(6,1G9C) LINE(I)
190 FORMAT(1Xs *NC TRACK LANE FOUND FOR LINE ',15, "' Fdok¥duxsisdrxit)
GC TC 9¢C



CeoesePATTERN 1 (RED) 1S BUR TRACK LANE. GET LCWER PATTERN 2 READING SO WE

C KNOW IF FIXIN IS PCSITIVE OR NEGATIVE.
210 IF(PATT2(1).LT.PATT2(J)) GC TO 222 ’
C PATT2(J) IS LCWER READING. SET FIXIN NEGATIVE.

FIXIN=-FIXIN
Coeeoes COMPUTE PCSITIONS WITH SBRTN DECCA FROM PATT2{(1) 71O PATT2(J) EVERY
C FIXIN LANES. REMEMBER PATT 1 IS CCNSTANT. SO USE PATTI1(1) DNLY.
222 CALL DECCA(LINE(L)ZPATTI{ 1) 4PATTZ2(I)GN(L) 4GE(I) 4DLAT(I),DLON(I),C
+HAIN,690,65G699)
C PRINT 223, 1,4 J
C 223 FORMAT{1X, 'AT 222, VALUE CF I IS*y 174 * - 4 IS *y IT)
I=1+1
K=1-1
PATT2(1)=PATT2(KI+FIXIN
CeeoesMAKE SURE LAST POSITIONIPATT2(J)) IS COMPUTED.
IF(PATT2{1). LE.PATT2(J)) GO TO 222
CassesIf EQUAL TO,s LAST POSITICN(FCR PATT2(J)) ALREADY CCNE - SO EXIT.
IF{PATT2{K).EQ.PATT2{(J)) GO TO 300
CaeoessNOT EQUAL,MUST BE GREATER. SC COMPUTE FOR PATTERNZ{J) AFORE EXIT.
PATT2(1)=PATT2( )
CALL DECCA(LINE(L),PATTI(1) PATT2(I)oGNII)GELT),OLAT(I),DLON(T),C
+HAIN,690,69999)
G0 TO 3¢2
CeoeoesPATTERN 2 (GREEN) IS TRACK LANE. REPEAT AS STMTS 210-22C BUT PATTZ2 CONST.
280 TF(PATT1(1).LT.PATTI(J)) GO TO 292
FIXIN=—FIXIN :
292 CALL DECCA(LINE(L) PATTI(I) ,PATT2(1),GN{T)4GE{T)DLAT(I),DLON(I),C

+HAIN:8901£9999)
C PRINT 293, 1, J
C 293 FORMAT(1X, 'AT 292 VALUE CGF I IS *y 7, * - J IS 'y 1I7)
I=1+1
K=I-1

PATTI(I ) =PATTLI(K)+FIXIN
IF(PATTI(I).LE.PATT1(J)) GO TO 292
IF(PATTI(K).EG.PATT1(J)) GO TO 300
PATTI(I)=PATT1(J)
CALL DECCA(LINE(L1),PATTL(I) 4PATT2(1),GN(I),GE(T),CLAT(I),DLON(I),C
+HAIN, £90,69999)
GO TG 302
Ceeeeas FIXES ALL COMPUTED. GET ODISTANCE BETWEEN FIXES & TOTAL LINE LENGTH.
CeoaosTDIST=TOTAL LENGTH OF LINE.

c THIS IS THE 'K*® EXIT — VALUE OF *[' TOO HIGH BY 1.
300 I=I-1
C THIS IS THE *I' EXIT. VALUE OF '1* Q.. STORE [IT(IT IS ¥AX. HERE).
302 L=1
C PRINT 303, L
C 3C3 FORMAT(1X, 'AT 302, L IS *, I6)
TCIST=0
DO 350 M=2,1
N=M—1
CALL DISTAN(DLAT(V¥),DLCN(M),CLATIN),CLONIN),DIST(N))
C PRINT 340, M,N,DLAT{M),DLON(M),DLAT (N),DLON{(N},DIST{N)

C 340 FORMAT{1X,'FOR M/N=',2(1X,13),' OLAT(M)}/DLON(M),DLATIN)/DLON(N}/DI
C +ST(N) ARE*,5(1X,F1C.3))
C PRINT 343, Ny DIST(N), TDIST
C 343 FCORMATI{1X,*FCR N=', 13, DIST(N)',F10.2,* ADDS UP TO TDIST OF',F10.
C +3)
350 TDIST=TDIST+DIST(N)
CeeoosNOW HAVE ARRAY OF FIXES & DISTANCES BETWEEN THEM, CCMPUTE SHIP'S SPEED.
ELAPSE=DFLCAT(MINUET{J)-MINUETI{1))



c PRINT 36C, ELAPSE, MINUET(J), MINUET(1)
C 360 FORMAT(1X, 'ELAPSE=',F6.1,' - SHOULD BE',16,' MINUS *',16)
SPEED=(TDIST/ELAPSE)*60.
WRITE(€,38C) LINE(L1l),TDIST,ELAPSE,SPEED
380 FORMAT(1X, °*CHECK : LINE *,I5,' - SAILED ',f8.3,*' NV IN ',F8.3, "M
+INS - SPEEC = 'y FB.3, ' KNOTS')
CeeoeeSET MINUTES-BETWEEN-FIXES-INTERVAL REGUIRED.
C 1 MINUTE APPROX. EQUAL TO 1600 FEET AT 16 KNOTS.
C 450 ZMINT=2.0
CeeeeDIVIDE START/END TIMES CF LINE BY ZMINT TC GET 'ZFIX'y THE NO. OF FIXES
C FOR LINE. DIVIDE LINE LENGTH *TDIST* BY ZFIX TG GET DISTANCE INTERVAL
c BETWEEN FIXES 'FDINT'.
IFIX=ELAPSE/ZMINT
FDINT=TDIST/ZFIX
CeooeeGET INTEGER(ZFIX)y ACD 1 - THIS IS NC. GOF FIXES WE END UP WITH FOR LINE
NFIX=(ICINT(ZFIX))+1

c PRINT 460, ZMINTyZFIX,FCINT JELAPSE,LINE(])
C 460 FORMAT(1X, 'EVERY',FE.2,*MIN GIVES*,F7.2,' FIXES',FT7.2,!' DIST APART
c + OVER',F8.3,'MIN FOR LINE #7',16)
Cxx&xINTERPOLATION LOOP. USE NFIX AS LUOOP CONTROLLER.
C FDIST=CUMULATIVE DISTANCE TWEEN FINAL O/P FIXES(FDINT MINS. APART).
C CCIST=CUMULATIVE DISTANCE TWEEN DECCA POINTS COMPUTED ABOVE.
c CAUTICN:DDIST SHOULC ADC UP TO TDIST(LINE LENGTE) BUT NEVER QUITE DOES.
475 DDIST=0
FCIST=0
C SET UP FIRST O/P FIX.

480 FIXX{1)=GNI(1)
FIXY(L)=GE(D)
OMIN{(1)=DFLOAT(MINUET(1))
C PRINT 483, OMIN{L),FIXX{1),FIXY(1)
C 483 FORMAT(1X,*FIRST G/P FIX SET UP. CMIN(L)/FIXX(1L)/FIXY(1) ARE', 3{1
C +Xy F10.3)) '
CeeeooNCW GET OTHER FIXES WHICH NEED INTERPCLATION THOUGH. FIX TO BE COMPUTED

c MUST ALWAYS BE DEFINEL BY POINTS(J) & POINTS(I).

c J=2,NFIX - I=J-1 NFIX=NO. OF 0O/P FIXES.

c M=1,4N = L=M-1 N=NO. OF POINTS CO-ORDS KNOWN(DECCA COMPUT. ABOVE)
M=1

500 DO 600 J=2,NFIX

I=J-1
FOIST=FOIST+FDINT

C PRINT 5C5, Jy FDIST, FDINT

C 505 FORMAT{1X,'FDR J=1,13," FDIST/FDINT ARE',2(1%,F8.3))
CeoeaoosCHECK IF FIX CEFINED BY DECCA POINTS IN HAND
510 IF(FDIST.GT.ODIST) GC TC 525
Ceesess DEFINED — GET 'DIFF' & GO TCO INTERPOLATING STATEMENTS.
DIFF=CDIST-FLCIST
GC TC 550
CeoeeeNOT DEFINED., UP M & GET NEW DDIST. RECHECK CEFINITICN BY NEW POINTS.
C 525 PRINT 529, J, DDIST, FDIST
C 529 FORMAT(1X,*AT 525, FCR J=',13," DDIST/FDIST ARE*,2{1X,FE€,.3))
525 M=M+1
L=M-1
DODIST=DDIST+CISTI(L)
C PRINT 533, M,L, DDIST, CIST(L)
C 533 FORMAT{1X,'AT 525+, N/L ARE' 42{1X4I3)4* CUIST/DISTIL) ARE',2(1X,F8
C +.3))
GG TO 510
Ceeoes INTERPOLATING STMTS., FIX DEFINED BY PCINTS(M) & POINTS(L).
550 FIXX{J)=GN(M)=-(({GN{M)-GN(L)Y)Y*DIFF)/DIST(L)])
FIXY{(J)=GEMM)=-(IGE(M)-CGE(L))I*DIFF)}/DISTI(L))



OMINCJY=0NMIN(I)+ZMINT
PRINT 571, JsM,L
571 FORMAT{1X,'FCOR J/M/L OF*»3(1X,1I5)y' WE HAVE .."')
PRINT 573, FIXX{J)sDLAT{M),CLAT(L),CIST(L)
573 FORMAT(LX, *FIXX(J) 4DLATIM),DLAT(L)CIST{L) ARE' 44{1X,F10.3))
PRINT 577, DIFF, J
5T7 FORMATU1X,'DIFF IS*'yF10.3," FCOR J OF',13)
PRINT 579, OMIN(J)+CNIN{I) ZMINT,I
579 FORMAT(1X, 'OMIN{(J)/OMIN(I)/ZMINT ARE'",3(1X,F10.1),* FOR I=',16)
600 CCNTINUE
CeoeesALL INTERPCLATIONS DCNE - GC TG G/P AREA,
GO TO 1CCO
CHx#%XSTRAIGHT TRACK LINE. WE HAVE START/END - SO ZONVERT TO GECG-POSNS FIRST.
7CO CALL DECCA(LINE(L) PATT1(I),PATTZ2(I),GN{T)4CE(T)yDLAT(I),DLONI(I),C
+HAIN,89C,66999)
CALL DECCA(LINE(2),PATT1(J),,PATT2(J)GN(J)+GE{J)DLAT(J),DLON(J),C
+HAIN,6£90,£58999)
CeeoesNOW HAVE 2 GEOG POSNS. CCMPUTE SHIP'S SPEED.
CALL DISTAN(DLAT(J),DLON(CJ) ,DLAT(I),DLCN(I),DIST(1))
TCIST=DIST (1)
ELAPSE=DFLCAT{MINUET(J)I-NMINLET(1))
SPEED=(TDIST/ELAPSE) *60.
WRITE(6,380) LINE(1),TDIST, ELAPSE,.SPEED
CeeaesFRCM 2 GEOG PCSNS & ZMINT({STMT 450) GET NC. OF FIXES NEEDED FOR LINE.
IFIX=ELAPSE/ZIMINT
NFIX=(IDINT(ZFIX))+1
C GET DIFFERENCES IN LAT/LCN BETWEEN POSNS.
DIFGN=GN(J)-GN{I)
DIFGE=GE(J)-GE(]) ’
CeoosesCOMPUTE GN/GE INCREMENTS BETWEEN INTERPOLATIONS — CALLED UPGN/UPGE.
UPGN=DIFGN/ZFIX
UPGE=DIFGE/ZFIX
CeeoeoeNOW INTERPCLATE. REMEMBER NFIX=(INTEGER PART{ZFIX))+1=NO.OF FIXES.
C INITIALISE FIXXy FIXY, CMIN,
FIXX(1)=GN{(1)
FIXY(1)=GE(1)
CVMIN(1)=DFLOAT (MINUET (1))
DC 8C0 IM=24NFIX
IN=1IM~-1
FIXX{IMI=FIXXUIN)+UPGN
FIXY(IM)=FIXY(IN)+UPGE
OMIN(IM)I=0OMIN(IN)+ZMINT
800 CONTINUE
CeeeesHAVE ALL FIXES. GO TO O/P AREA.
GO TC 1CCO
CHx%x¥% 0O/P AREAsseee
ALL FIXES IN UTM CO-ORDS DONE. CONVERT TO GEOG CO-ORDS, THEN D/P
ACCCRDING TO TYPE OF *'TIME' O/P DESIRED. NOTE NFIX=NO. OF FIXES.
SF=SCALE FACTOR; DR=DEGREE-RADIAN CCNVERSION FACTCR;
ORE=FALSE EASTING; ORN=FALSE NORTHING; I ZCNE=UTM ZCNE.
1000 SF=0.99960
DR=0.01745329252
DRE=5CC(C00.
ORN=0.
IZCNE=8
GL=IZ0ONE*6.
GL=183.-GL
DC 1002 K=1,NFIX
CALL B51211(AA2,B2,FIXY(K) FIXX(K)},SF,0ORE,ORN)
GEOGX(K)=AA2/DR

OO0

OO0



1002 GEGGY (K)=(B2/DR)+GL
IFUIDTM.EQ.2) GO TO 1C1l0
IF(IDTM.EQ.1) GO TO 1C2C
IF(ICTM.EQ.0) GD TO 102¢C
WRITE(6,1004)
10C4 FORMAT(1Xy, 'FATAL ERRCR - TYPE CF TINE C/F WANTED UNRECCCNISED?')
STOP 8
Cooses MVINUTE-ONLY O/P WANTEL. NO MORE COMPUTATIONS NEEDED.
1010 WRITE(4,1012) LINE{1), NFIX
1012 FORMAT(I641X416)
WRITE(4,1013) (OMIN{TI),FIXX(I),FIXY(I),GEOGX{ ) GEOGY{I),I=1,NFIX)
1013 FORMAT(F1Ca241XsF15.341X»F15.3y1X4F15.8,1%X,F15.8)
GO TO 1GC50
CaeweeDAY/TIME WANTED. CONVERT MINUET BACK.
1020 DO 1024 1=1,NFIX
CALL UNMINT{CMIN(I) IYAC(TI),EMIT(I))
1024 CONTINUE
CeaasasNOW O/7P ACCORDING TO IDTM CHOSEN.
IF(IDTM.EQ.1) GOG TG 1028
CoeesesDTM=0 — DAY/TIME/MINUET 0/P WANTED.
WRITE(4,1026) LINE(1), NFIX
1026 FORMAT{1641X,16)
WRITE(4,1027) (IYAD(I)LENIT(I) CMIN(I),FIXX{T),FIXY(T),CEQGX (1), GE
+0CY(1)y I=1,NFIX)
1027 FCRMAT(ISy1XeFT7Ta241XyF10.291XsF15.3,1X4F15.3,1X,F15.8,1%,F15.8)
GG TG 1650
CeoessIDTM=1 - DAY/TIME ONLY O/P WANTED.
1028 WRITE(4,1029) LINE(1), NFIX
1029 FORMAT(I6,1X,16)
WRITE(441030) (IYAD{I)LENIT(I),FIXX(I),FIXY{I),CEGGX(I),GEGGY(]),
+I=1,NFIX)
1030 FORMAT(I5 41X sF7e2491X+F15.341X3F15.3,1X,F15.8,1%X,F15.8)
Coeee«O0/P WRITTEN. SIGNAL THIS. WRITE ENCFILE ALSO.
1050 WRITE(6,1053) NFIX,LINE(1)
1053 FORMAT(1X,15,* FIXES G/P ON UNIT 4 - LINE',164' PROCESSED!'/)
END FILE 4
GO TO 9¢
CeeeesREAD ERROR. TRY AGAIN. TERMINATE ONLY OF ENDFILE OR 'GSSSS-LAST CARD'.
8000 WRITE(6,8010)
8C1C FORMAT(1X, **¥k%k% READ ERRCR CN FCLLCWINC ... ")
WRITE(6,8050)
BC50 FORMAT(2X, 'LINE DAY TIME PATT1 PATTZ2 C T PTH4)
WRITE(6,FMTL) LINE(L),DAY(I) ,TIME(I),PATTLI(I),PATT2 (1), CHAIN,TRACK
+, PTNO
GC TC 90
8080 WRITE(6,8010)
WRITE(6,+8050)
WRITE(G,FMT1) LINE(2)4DAY(J)»TIME(J)PATTI(J) 4PATT2(J),CHAIN,TRACK
+,PTNDO
G0 1O 9¢
Cx%¥xxENDFILE ENCOUNTERED. BONB OUT.
9000 WRITE(6,9010)
9010 FORMAT(1X, '*%% ENDFILE ENCCUNTERED. ERRCR OR LAST CARC NOT ''93999
49 L | )
STOP 9
CH%%%%NAV SYSTEM UNSPECIFIED. BOMB QUT.
$999 STOP 3
END
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SUBROUTINE DECCA(MFIXsR14R2,GNyCEJDLAT)CLCN,CHATINy %45%)



Ci**% PDECCA NAVIGATION PROGRAM - COURTESY PMARINE SCIENCES VICTCRIA =
C..CECCA RECEIVES TEE DECCA CC—-ORCINATES OF AN OBSERVER & COMPUTES HI
C POSITICN FIRST IN UTM & THEN IN GEOGRAPHIC CC-CRDINATES.

C..TWO DECCA SYSTEMS WERE USELC IN THE MACBAY AREA(CALLED THE 6F & THE MINIFIX
C SYSTEMS) - SO DECCA DETERMINES WHICH IS BEING USED BEFORE COMPUTATIONS

C COMMENCE.

C..ALL CO-ORDINATES ARE ASSUMED BY DECCA TC BE IN TKFE SAME UTV ZONE.

S/HER

C

CeeesLINE=1.0. COF LINE OR POINT BEING PROCESSED.

c R1/R2=PATTERN 1 & PATTERN 2 DECCA CO-CORDINATES CF GBSERVER,

c DLAT/DLON=LAT & LCN CF GBSERVER RETURNED BY DECCA. DEGREES CONLY(E.G. 4G.°%1

CHx%%% SET UP PARAMETERS FIRST. UTM-ZONE, CHAIN PARS & SCALE FACTOR FOR AREA.
C

IMPLICIT REAL*8(A-H,(-2)

COMMON FIXINy Hy, Qy Py S» LCNT, MCNT

C DATA P/*M'/,5/°*S/

Ceeee SET UP PRINT COUNTS. LCANT FOR 6F, MCNT FOR MINIFIX.
c MCNT=1

c LCNT=1

C 109 READ(5,110,END=880) MFIX,R1,R2,CHAIN
C 110 FORMAT(LIX IS5 91X sFTe291X9FT.2,431%X,21)
Ca.-ooSET UTM'ZGNE.
1ZCNE=8
CoeeaweSET SCALE FACTOR, USUALLY MEAN SCALE FACTCR FOR WHOLE AREA,
SF=0.5996
CeveeeeSET CHAIN PARAMETERS.
C V=SPEED OF PRCPAGATICN CF E.M. WAVES IN KM/SEC.
C Ql1=FREQUENCY FOR SLAVE 1 IN KHZ.
C Q2=FREQUENCY FDR SLAVE Z IN KHZ.
C IF SYSTEM IS SINGLE FREQUENCY, MAKE Q2=Q1
C XMy¥YM = EASTING AND NCRTHING CF MASTER STATION
C XS51, YS1=EASTING AND NORTHING OF SLAVE 1
C XS2,YS2=EASTING AND NORTHING OF SLAVE 2
Coeess SKIP 6F CHAIN PARS IF MINIFIX IS SYSTEM BEING USED.
IF(CHAINJEG.P) GO TC 312
IF(CHAIN.NEL.S) GD TO 9GO
CaaseebF SYSTEMS PARAMETERS ARE:
308 V=26965C.0
Q1=355.62
02=266.94
YM=7731381.78
XM=502649.21
YS1=7762342.307
X51=636554.457
¥S$2=77225C1.814
XS2=347563.076
Coeee CHAIN PARAMETERS COMING UP — PRINT WHICH CHAIN FIRST.
C WRITE(6,310) CR WRITE(6,311)
310 FORMAT(/1X, 'FOR DECCA €F SYSTEN')
311 FORMAT(/1X, *FOR DECCA NMINIFIX SYSTEM!')
C CHAIN PARAMETERS FCORMAT.
C WRITE(6+9321) TZONEsSFsVYMyXM,aYSL4XS1yYS52,X52
321 FORMAT(1X, *CHAIN PARAMETERS INPUT ARE ....*'/1X, 'AREA-WIDE t UTM-
+ZCNE'y I3y ' & SCALE-FACTOR '2F9.7/1X, 'WELOCITY OF PROPAGATION AS
+SUMED IS *,F10.24,*' KM/SEC'/1X,' MASTER CC-ORDS IN UTM NORTHING ¢
+yF12.3, ' - EASTING *,F12.3/1X,*SLAVE 1 CO-0ORDS IN UT¥H NGRTHING ?
+9F12.3,"' - EASTING *,F12.3/1X,'SLAVE 2 CO-0ORDS IN UTM NCRTHING
+3F12.34' - EASTING '4F12.37)
CeeasePRINT CHAIN HEADING & PARAMETERS ONCE — CISPLAY ONLY
IF(LCNT.GT.1) GO TO 120

o



WRITE (6,310)
WRITE(64+4321) IZONE»SFoV,YMyXM,¥YS1,4XS1,YS2,XS2
LCNT=LCNT +1
CeeoweSKIP CVER CGTHER CHAIN NCHW.
GO YO 120
CoseoeesSET UP MINIFIX SYSTEM PARAMETZRS NOW. MACBAY SLAVE 1/SLAVE 2 REVERSED.
312 V=299650.0
Q1=1702.
Q2=1702.
YS1=7664CC7.32
XS1=455153.98
YM=T7€656233. 87
XM=400817.S3
¥YS$2=7687375.22
X52=368354.65
CesaeasPRINT CHAIN HEADING & PARAMETERS CNCE FCR DISPLAY.
IF{MCNT.GT.1) GO TO 12¢C
WRITE(6,311)
WRITE(6,9321) I1ZONE,SFsV,YM,XM,YS1,XS1,YS2,X52
MCNT=MCNT+1

—————— COMPUTE BAS EL INES

120 A1=DSQRT({(XM-XS1)*%2+ (YNM-YS1)*x%2)
A2=DSORT{(XU~XS2 ) *%2+{ YN-YS52)%*%2)
X1=XS1=-XM
X2=XS2-XM
Y1=YS1l-YM
Y2=Y52-YM
AK=X1%Y2—-Y1%X2
ZQ=(AL*%2%Y2-A2%%2%Y1) /2. /AK
ZT=(A2%%2%X1-A1%%2%X2}/2./AK
V1=V*SF

9C AK1=1.-((R1%V1)/(Q1%Al))
AK2=1.-({R2%V1)/(Q2%A2})
ZP=( (A2%Y1*AK2)-(AL*¥Y2%AK 1)) /AK
ZS=({ALEX2%AK] ) —(A2%X1*AK2) ) /AK
IR=( (A1#%2%Y2XAKLI*%2) - (A2%%2%kYL*AK2%%2) ) /24 /AK
IV=( (A2%%2%X 1 #AK2%%2 ) —{ A 1¥*2%kX2%AK1%*%2) ) /24 /AK
B1=ZT-2V
B2=72Q-ZR
B3=ZP**2+475#*%2-1.
B4=1P%B2
B5=15%81
B6=B4+B5
B7=B6%%2
B8=B3*{B2**2+B1*%2)

 IF(B7)2C4+2C+30

30 RACIC=B7-B8
IF(RADIC)40,40,50

5C D=(-B6-DSQRT(RADIC))/B3
IF(D)60,€C,7C

50 D=(-B6+CSGRT(RADIC))I/B3
IF(D)80,80,70

10 X=IP*D+B2+ XM
Y=ZS*D+B1l+YM
GN=Y
GE=X
GO TO 1CCC

20 WRITE(6412) MFIX, Rlsy R2



12
40
13

oo

(@}

C84
c22
C
c

FORMAT(LX,'SCLUTION INVALIO, NO FIX FCR LINE v,17, "WHICH IS PATTIL
+', FB8.3, ' - PATTZ2 *, FE.3)

RETURN 1

STGP

WRITE(6,13) MFIX, R1l, R2

FORMAT( 1X,'SCLUTION IMAGIN. NO FIX FOR LINE ',I7, 'WHICH IS PATT1
+" F8.3’ 1 - pATTZ ', F8a3)

RETURN 1

sSToP

WRITE(6,12) MFIX, R1l, RZ

RETURN 1

STOP

SCFACT=SF

DR=0.01745329252

ORE=5CCCCC.

ORN=0.

GL=IZONE%*6

GL=183.~-GL

CONVERSION FRCM GRID TC GECGRAPKIC
CALL B51211(AA2,B2,GESGN,SCFACT 0RE yORN)

AL2=AA2/DR

IAL2=AL2

XMIN=(AL2-1AL2) %60

MIN=XMIN

ASEC= (XMIN-¥IN)*60

ALC2=B2/0R+GL

IALO2=ALC2

XMIN=(ALO2-1ALO2)*60

IMIN=XMIN

BSEC=(XMIN-IMIN)*60
WRITE(6422)MFIX4R1,R2 ,GN4sGE,IAL2 yMINyASEC,IALC2, IMINy BSEC, [ZONE
FORMAT (' C' 32Xy 1545X s FB8e343X4FBa343X4F11.3,F12.3,4%X4213,F6.2,6X,
5213,F6.2,5X%X,12)

CeoeeeCONVERT DEG/MINS/SEC TC CEGREES-CRMLY.

C

DLAT=TAL2+(MIN/60.)+(ASEC/3600.)
DLCN=TALO2+(IMIN/60.)+(BSEC/3600.)
WRITE(6,+86) MFIX,DLAT,DLCN

C 86 FORMAT(1X, I5, 2X, F1C.4, 2X, F10.4)

C

GC 7C 109

C 88GC sTcCP 8

RE TURN

CeeessERROR EXIT. NAV SYSTEM UNSPECIFIED.
900 WRITE(6,901)
9C1 FORMAT(2X,**%% ERROR - NAY SYSTEM NEITHER MINIFIX NCR &6F #3%1)

C

slaNeNeNalaNel

STOP 9

RETURN 2

END

SUBROUTINE BS1211 (DA,CC,.GE,GN,SCFACT,0RE,CRN)
IMPLICIT REAL*8(A-H,0-7)

GRID TC GEOGR. ANY SPFEROID PROGRAM 851211 (pP2C3)
*% INPUT

GE = EASTING

GN = NORTHING
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28
27

SCFACT = CENTRAL SCALE FACTOR

CRE = FALSE EASTING
.ORN = FALSE NORTHING
*% CUTPUT,
DA = LATTITUDE, NORTH(+), SOUTH(-)
BC = CIFF. OF LONGITUCE, (+) FOR POINT WEST OF MERIDIAN

Al=63782C6.4
P2=0.67686579973D-2
DELT=0.€8147849459D-2

Al = EQUATORIAL SEMI-AXIS
P2 = EXCENTRICITY SQUARED
DELT = P2/{2.-P2)

X= ~—{(GE-ORE)/SCFACT
YY=  (GN-ORN)/SCFACT
Y=DABS{YY)

Cl=.75%pP2
C2=C1*P2%.G6375
C3=C2%P2%,9722222222
C4=0C3%P2%,G84375
C5=A1%(1.~-P2)
P3=pP2%,5

P4=1.-P3
P5=DSQRT(P4)
P6=P4%P5

P2=P4%P4

PX=Pb6*P4

PY=P2%pP2
Pl=1./(1.-P2)
P8=PT7%*P7

P9=P8%P7
YA={Y-4984727.1000) /A1
YB=YA%XYA

YC=YB*YA
AT=,7853981634+POEXYARPT - TS*P2XPZ*¥PB8XYB+PY*PX*P=Y(
IPASS=0

X1 = 1.0
X = 0.0
CONTINUE

IPASS=1PASS+1
IF{ZX1-2X)28428,27
IF(IPASS-2)27427426
X1 = IX

CS1=DCOS{AT)

€CS2=CS1*CS1

582=1.-CS52
S51=DSGRT (552)

GX=pP2%5S2

HX=GX*GX

OX=HX*GX

PX=0X*GX

QX=PX%G X
BN1=14+.5%CX+375%HX4+.3125%0X+.2724375%P%X+.246C9375%QX

BN2=8N1 *%BN1 '



26

RHC=C5%*BN2*8N1

DO=CS1*SS1

PK=DO*SS2%.666665666667

QK=D0+PK

SU=AT+C1*{(AT-DO)+C2%{ AT-(K)

IF(AT—.175) 2,2,1

PK=PK%S5S52%,.8

QK=QK+ PK

SU=SU+C3*(AT-QK)

IF(AT=.525) 2,243

SU=SU+C4* (AT -QK-PK%*SS2%* ,B8571428571)

DI=C5*%SU

XX=Y-D1

DELA=XX/RHO

DELB=DELA*DELA

DELC=DELB*DELA

2JK=1.E-4

IX=DABS (XX} -ZJK

GB2=-3.%P2*%SS1*CS1*BN2

GB3= ,T5%GB2#CRB2-3 . ¥P2%(CS2-SS2 ) *BN2
AT=AT+DELA+GB2%DELB* .S+GB3IXDELC*,1 6666666667
IF{ZX)26425,25

CONTINUE

CS1=DCOS(AT)

€S2=CS1%CS1

§S2=1.-CS2

S$S1=DSERT (552)

GX=pP2%SS2

HX=GX%GX

OX= HX*GX

PX=0X%GX

QX=PX%G X

BN1=1a4.5%GX+.375%HX+.3125%0%4. 2734375%PX+,24609375%0X
T1=SS1/7CS1

T2=T1%T1

T4=T 2%T 2

T6=T4*%*T2

AN2=DELT*CS2

AN4=AN2*AN2

AN €= AN4*AN2

AN8=AN4 *ANG

Ql=X/{A1%8N1)

Q2=Q1*%Q1

Q4=G2%Q2

Q6=Q4%Q2

H1=Q1/CS1

H2=Q2%{1 .42 . *T2+AN2)* 16666666667

H3=Q4% {546 s FANZ2 428 o ¥ T2 34 ¥ANAG 4B L ¥ T2 AN+ 24, % T4~ 4 X ANOH 4, Rk T2RANSG+
124 .%T2%AN6)*0.83333333330-2

H9=Q6% (61 +662.%T24132C.%T4+T720.%T6)/504C.
DO=H1%(1.-H2+H3-H9)

Ha=T1¥Q2% (1. +AN2)* .5

HS=Q2% {Se+3s %X T24+ANZ2- 4% AN4A-SG.¥AN2* T2 )%0.83333333330~-1
H6=Q4% (61 e +90XT2+46 ., FANZ+45 ,%T 4~ 252, kT 2%ANZ2-3 . %#AN4+1CO.
1RXANG—66 3T 2XANG—90 SH¥TLHAN2+BBXANB+225 ¥ TL4RAN 4484 X T2%AN6—192,.%T
12%AN8) %0 27777777778BD-2
H7=Q6%{1385.43633 . % 1244095, %¥T4+1575.%T6)%0.496031746030~4
DA=AT+H4* (-1 .+HE5~-H64HT )

IF(YY) 10,20,20

10 DA= -DA



20 RETURN
END
Co% o a5 ok % oo e ot ok oot ook s stk ool R oK ok ok b ok R HORAOR Rk AR ROk Rk Rk B R Rk A Ak A R AR AR A E RN E A
SUBROUTINE DISTAN(X1,Y14X2,Y24,DIST)
SBRTN CCMPUTES DISTANCE BETWEEN TWD POINTS ON THE EARTH.
SUPPLY LAT/LCNG OF PCINTS({X/Y) 1IN CEGREES CNLY(E.Ge £9.52).
SBRTN USES TRIG EQN OF P.62 'BASIC NATHS FOR ENGNRS' BY F.M. WOOD
QUEEN'S UNIVERSITY SEPT. 1¢6E4,
1 NAUTICAL MILE = 6076.1 FEET = 1,151 STATUTE MILES = 1.852 KM,
F=DEGREES—-RADIANS CONVERSION FACTOR. G=RADIANS-DEGREES CONVERSION FACTOR.
IMFFLICIT REAL*8(A-H,0-2)
F=3.14159/180.
G=108C0./3. 14159
ARCRAD={DARCOS{(DCOS{{90.—X1L)*F)})*{(DCOS{(90.-%X2)*F ) )+ {DSIN({90.-X1
+)RF))IR(DSINC{90.,-X2)V*F) ) *{CCCS({Y1-Y2)%F)})))
DIST=ARCRAD*(G
RETURN
END
(€, ke st o o o sk o s s o oo s o s o o ok o o o o ol ok stttk kot e dototol sk ok obob okl ook ko ok b B ko ok R slodok R Aol R ke
SUBROUTINE MINTY(DAY,TINE,MINUET)
C*%THIS SBRTN CONVERTS SEQUENTILAL DAY AND GMT-TIME IN HOURS{E.G. 1859 HRS},
C INTO '*MINUTES-OF-THE-YEARY{(VMINUET) - E.G. 12345TH CGMT MINUTE OF THE Y&AR.
C*%USE INTEGER ROUND-DFFS TC EXTRACT HRS & MINUTES SEPARATELY FROM 'TIME'.
IMPLICIT INTEGER*4(A-7)
C EACH DAY CONTRIBUTES 24 FRS WEICH IS 1440 MINUTES.
10 DMIN=DAY*1440
C CHECK IF TIME=CCCO(MIDNITE)Y.
IF(T IME.NE.OCCO) GO TO 30
HMIN=0
MMIN=C
GC 10O 4¢
C EXTRACT ECURS FROM *'TIMEY - £ACH HOUR CONTRIBUTES 60 MINUTES.
30 HRS=TIME/1CO :
HMIN=HRS*60
C EXTRACT MINUTES FROM 'TIME?', MINUTES={TIME~IHRS). SUM CONTRIBUTIONS.
IKRS=HRS*100
MMIN={TIME-IHRS)
40 MINUET=DM IN+HMIN+MMIN

OO0

c PRINT 50, CAY, TIME, MINUET

C 50 FORMAT(1X, '"DAY/TIME CF' 4154'/',I5," CCNVERTEL TO MINUEY DF’, I7)
RETURN
ENC

7\

3%
3

k"
E:3
%
+*
¢
3¢
3*

C % ook ook s ool o o o o b b o ool ek ok R R R B op ko R o o4 ok ok ok ok %ok ahod sk sk koo ook RN R A R o o sk
SUBROUTINE UNMINT{(OMIN,IYAC,EMIT)
IMPLICIT REAL*8(A-H,0-7)
IF(OMIN.NE.O) GO TO 1C
IYAD=0
EMIT=C.

GG TO 2¢

10 IYAD=IDINT{(OMIN/144C.)
DMINS=CMIN-((DFLOAT({IYAL))}%1440.)
HOUR=IDINT(DMINS/60.)
RMINS=DMINS~(HOUR*60.)
EMIT=HGUR*1C0.+RMINS

C PRINT 3, OMIN, IYAD, EVMIT
C 3 FORMAT(1X, "MINUET OF*'»FS.2," CONVERTED TC DAY/TIME OF', 17, "/',F7
C +.2)

20 RE TURN

END



$CCPY *SCLRCE#*@-CC *SINK¥
FA XA % FRCGRAM YWAGNAYN? kK

FRCGRAM REALCS IN NAVICATICN DATA(FROM AN I/P DEVICE) & ATTEMPTS TC
MATCH MAGNETIC CATA(REAL IN FRCNM ANCTHER I/F CEVICE) TC IT. TrHE MATCHED
CATA ARE THEN O/P 1C A THIRD DEVICE. 'FAG/NAV' ARE NMATCHEL - 'MAGNAVHM!

««NAV DATA - CHRCNC PARAMETER + X/Y CC-0ORD PARAMETERS ) MATCH THEREFCRE BASED

MAG DATA - CHROMNC PARAMETER + MAG READING ) CN CHRCNC PARAMETER

3 WAYS{EACH) OF NAV & MAC CATA i/P. SEE QOPTICN LIST.
«sMNAV FARAFETERS FRECECEL EY A 'N' OR 'W' WHERE POSSIBLE E.G. VNMIN, NDAY.

MAG FARANMETERS FRECECELC BY A 'NV' CR 'G' WHERE POSSIBLE E.G. MMIN,y GDAY,
FAAFH OPTICN LIST

WITH APPROPRIATE FORNMAT STMTS, THE FOLLOWING MAY BE CHOSEN:
1} NAVIF=1 IF NAV C2TA I/F IS MINUET+X-Y CO-CROS{LAT-LCN)+UTM N-E.

Z) =2 CAY+TINE+X-Y CU-0QRDS

2) =3 DAY+TIVE+NMINUETH+X-Y CC-CRCS.
A) MAGIP=1 IF MAG LATA 1/P IS MINUET+MAG READING.

B) =2 CAY+TINEHMAG.,

C) =3 CAY+TINVE+MINUETHMAC,

ees«SET UP NAVIP & MAGIP VALUES IN STMT 2.
(MINLET=SEQUENTIAL MINUTES CF ThE YEAR FRCM CCCC HRS JAN. 15T EACH YEAR).
esesSET LP NAVIGATICN 'FIX TIME INTERVAL', FTINT, IN STMT 3.

F %k LOGICAL I/0 UNITS TC BE ASSIGNED:
UNIT &6 = LINE PRINTER {(PROCESSING MSGS & ERRCR MSGS) — CEFAULTS.
E = CARC REAMCER(*SCLRCE*) - LCEFAULTS.
4 = NAVICATION DATA - NG DEFAULT.
3 = MAGC CATE - NC DEFAULT.
2 = C/P NAV+MAG MATCHEL CATA - NC CEFAULT.
8 = ERRCR MSGS - *SINK* IF MSCS WANTEC, #0UVMNFY#* CTHERWISE.
Fx ko SUBROUTINES REQUIREC:
A) UNNINT - CONVERTS MINUET TC DAY+TIMLC - MANLATCRY.
B) TMINT — CCNVERTS CAY+TIME TO MINUET ~ CONLY 1F NAVIP=2 CR MAGIP=Z.,

OO0 000000000000

C) IGRF - COMPUTES REGICNAL MAG FIELD FOR GIVEN LAT-LCN - MANDATORY.

INFLICIT REAL#8(A-H,0-7)

INTEGER*4 (F

CIMENSION VTIVE(1000),VNMIN(LICCC) 4NCAY(1C0CC),XN{1COQ),YN{1CCO) MDAY
+(1000)MTIME(1CCO), MINUEM(1CCO),GTIME(LICCC),GMIN(LCO0),MAG(1CCO),
+GDAY(1000),ZT7(1C0C) +ZX{1CCO),2Y(1CCO),ZM(1CCQ),¥YDAY{L000),GMAG(100
+C)yCEOGX(1CCC) ,GEOGY(1CCC),H,ZLAT(1CCO)ZLCN(LCOC) ,T2CAYLLICCO)LZITINME
+(1000),ZIGRF{1C00),ZANOM(1CCC)
C *%%% SET UP CCNSTANTS & CFTICNS.

c LNCNT::COUNT WHICH COCNTIRCLS FESET OF MAC [ATA CCUNT AS Ef(H BLK READ IN.
C MTCH=1 SKIPS MAG-BLOCK CHECKING RCUTINE - FIRST MATCH MACE.
3 MACIP=2

NAVIP=13

FTINT=2.(C

LNCNT=1

MTCH=0
C #%%xk SET LP NAV CATA FCRMAT & READ IN NEV [ATA.
C FGR BEAUMAC CATA, NAV FCRMAT IS LINE# + NC.CF FIXES AS FER FORMAT 5.
C FCLLOWEL EBY FIXES+TIME AS PER FORMAT €.

5 FORMAT(IE,1X,16)

6 FORMAT(ICS ) 1X3FTe291XsF1lCa241X3F15.2,1X3F15.3,41%,F15.8,1X,F15.8)
C #**%x SET UP COUNTS ETC..
C NECF=CCUNT GF NO. OF SUCCESSIVE ENDFILES REALC FCR NAV CATA.



eEnle!

MECF=CCUNT CF NO. OF SUCCESSIVE ENDFILES REAL FCR MAG CEATA.
CP=0/P LCATA POINT CCUNT.
Fx%ESTART PRCCESSING LINE #3343
1C NECF=C
MEOF=0 SET UP IN STMT 7C
CF=1
Jy=1
13 GO 10 (2C,2C,4C),y NAVIP
WRITE(6, 15)
15 FOGRMAT(//1X,'1/P DATA FCRNAT UNRECCGNISEC. EXECUTICN TERMNINATED')
STOP ¢
«e««START REACINC IN NAV DATA.
2C REAC(4,5,ENL=50) LINE, NFIX
READ (4,6 ENC=€C) (VMIN(K)XN{K),YN(K)y K=1,NFIX)
CC TO 7C
3C REAC(4,5,ENC=50) LINE, NFIX
READ(446+ENC=€C) (NDAY(J)oVTIME(U) 9 XN(J) 2 YN(J)y J=1,NFIX)
CO 25 L=1,NFIX
VCAY(L)=CFLCATINDAY{L))
35 CALL TNINTA(VOAYI{L),VTIME(L),VMINI(L))
GC 10 70
4C REAC(445,END=5C) LINE, AFIX
REAC(496,ENC=60) (NDAY(NM),VTIME(M) ,VMIN(M) 4XN( V), ¥YN(M),GECGX(M),GE
+CCY(NM)y M=1,NFIX)
GC 70 1C
F ko ENCFILE ENCOUNTERED. IF CNE ONLY, KEEP GCING. [IF TWC, QUIT.
50 NECF=NECF+1
IFINEGF.GT.1) €C TC 55
GG 10 13
*%%% ENO OF CATA SINCE TWC SUCCESSIVE ENLFILES FCUND.
55 WRITE(€,57) LINE
€7 FORMAT(//1X4*LAST LINE PRCCESSEC ~ LINE',I€/1X,"TWC SUCCESSIVE ENC
+FILES READ ON UNIT 4 - END CGF NAVIGATICN DATA ASSUMED?')
STCF O
% % ¥k ENDFILE ON READING NANV CATA. SONMETHINC WRONG - GU TC NEXT LINE.
6C WRITE(€E,€2) LINE
62 FCRMAT(/1X,'UNEXPECTEL ENCFILE IN NAY DATA - APPROX. LINE #',1€/1X
+9 'DATA IGNCRELC = GCING CM TC NEXT LINE'/)
¥%%% NAV DATA READ IN O.K. - NCWw SET ULP NMAG CATA FCRNATS,THEN READ 1 CAT2
BEAUNMAC CATA = MACGIP=2, BLCCK=27C(215) WHERE 2I5=IDAY,ITIME,MAG.
7C MECF=0
NECF=C
IMAC=2170
¥*%%  SIGNAL ThHAT NAV CATA REAC IN O.K.
WRITE(€,73) LINE
73 FORMAT{1X,'NAV CATA FCR LINE NO.',16,' REAC IN C.K.')
eseelF LINE BEINC PROCESSEL IS AFTER FIRST(LINE), DCN'T READ ANY MAGS BUT
JUST COATINUE MPATCHING.
ese«ANY TIME MAG CATA 1S REAC, KC MUST EE RESET =1.
77 IF(LMCNT.LGT.1) GO TO 1&4
78 KG=1
GC TC (8C.£€5,5C), NMACIF
7 FORMAT(9CG{sSI5))
WRITE(6,15)
STCP 7
8C READ(2,7,ENC=65) (GMIN(I} MAG(I), I=1,INAC)
GC 70 1c¢¢C
85 READ(3,7,ENC=G5) (MDAY(I) MTIME(I) MAG(I),¥DAY{I+1),MTINME(I+]1)MAG
+(I+1) MDAY(TI+2) yMTINME(I+2),MAC(142), 1=1,268,3)
CC 87 M=1, IMAG

PLK



GCAY(VM)=CFLCAT (MDAY(M))
GTIME(M)=DFLOAT(MTIME(N))
87 CALL TMINT(GLAY(M),GTINE(NM),GMIN(V))
GC 7C 10¢C
SC READ(3,7,ENC=G5) (MDAY(I),NFTINE(TI),GNIN(L)yMAG(I)y I=1, IMAG)
GO 10 1CC
C **3% ENOFILE ENCOUNTERED. QUIT CNLY IF 2 SUCCESSIVE ECQFS READ.
€5 VECF=NECF+1
[F(MECF.GT.1) GO 710 67
CC 170 78
C #¥%% END CF CATA. NO MORE MAG LCATA TO MATCH NAV DATA.
ST WRITE(é,G8) GMIN(L)
S8 FORMAT(//1X, 'MAG DATA BELOCK STARTING AT MINUET CF',F10.2," LAST TO
+ BE READ'*/IX,'TWO SUCCESSIVE ENDFILES REAC ON UNIT 2 - ASSUMED NO
+VCRE MAG DATA'/)

STOP 1
C *%3% BOTF MAG & NAV DATA READ IN O.K. CHECK MAG DATA FCR CTC VALUES.
C SUCH AS C2Y OR TIME = S999, OR MAG = O IN BEAUMAC DATA.
C SKIP DAY/TIME CHECK IF NMACIF=1.
1C0 MECF=0

IF(MACIP.EQ.1) CO TO 115
CC 110 N=1l,1INMAC
IF(MDAY (N).EQ.<€G99) GC TC 1C¢€
IF(MTIME(N).EQ.9999) GO TO 1C6
C «os«SPECIAL IF STMTS FOR EEAUMAC CATA - DAYS 155 £ SE€ INVALID.
IF(VDAY(N).EQ.155) GU TC 1¢C6
IF(MDAY (N).GT.2€¢5) GO 10 1C¢
GC TC 110
106 GNIN{N)=66GS6G.9
WRITE(€41C8) LINE, MCAY(N), NTINME(N)
108 FORMAT(1X,'FOR LINE'+16,' - GMIN SET TG 6$¢€G%9.9G FCR DAY/TIME OF',
+21¢)
11C CCNTINLE
115 DC 120 N=1,1MAC
GNAC(N)=CFLCAT(NACIN))
IF(GMAGIN).NEL.C.) GC TC 12C
GMAG (N)=-G6G666G. ¢
WRITE(6,117) LINE, MDAY(N), MTIME(N)
117 FORMATI(1X," gakddk®k FLIR LINE #',164' AT CAY/TIME=',215," - MAG
+=0 SO SET TG0 —-<69%5.9 FOR PLOTTING %**%x%k%t)
120 COMNTINUE
C #%%%x MAG DATA REALCY FOR MATCHIMNC TC NAV CATR CN BASIS OF SEQUENTIAL MINLTE
C PARAMETERS 'GMIN' & 'YNIN' RESPECTIVELY.
C CHECK [IF MAC BLOCK IN HAND IS TCOO FAR ALONG IN TIME FCR MATCH.
C IF SC» BACKSFACE CNE FILE CF MAC CATR.
C IF FIRST NATCH MADE ALREALCY, SKIF TC STHMT 230.
13C IF(MTCH.EQ.Y1) GO TO 23C
IF{CNMIN(1)NELSI9999G.9) €0 TO 132
C «eeeGMIN(1) NCT USEABLE FCR TEST - USE NEXT CMIN INSTERC.
[FIVMIN(1).CE.CMIN(2)) GC TC 18C
GC TC 134
132 1F(VMIN(1).GE.CNMIN(L)) GC TC 18C
C «<..BACKSPACE REGUIRED. SKIP CVER FILEMARK EY REALINCG, USINC ENC= EXIT.
134 BACKSPACE 3
WRITE(£,135) LINE, GNMIN(1), VMIN(])
125 FORMATI(/1X,? BACKSPACE UNIT 3 CALLED - GMIN MUST EBE .CT. VMIN?
+y F13.3,'.GT.",F13.3,°% 21/)
READ(3,140,ENC=145) ECF
14C FCRMATI(FEL3)
C eesECF NOT ENCOUNTERED — SCMETHING wWRONG. SKIP TC NEXT LINE.



WRITE(6,143) LINE
142 FORMAT(/1X,? ENDFILE NCT FCUNC CN REAC/EBACKSPACE LINE #',16,°
+NCT PROCESSED'/)
GC 7C 10
C esaoBACKSPACE/SKIF — EOF Calks RECHFECK MAG BLCCK IF C.K.
145 WRITE(€E&,147) LINE
147 FORMAT(1X,? LINE #',1€,' PBACKSPACE/SKIP-EOF O.K.?)
GC TO 130
HA A% MAG BLOCK IN HAND IS C.K. #% NMATCKHF BECGINS *%
SCAN NMAGS TILL GMIN MATCHES VMIN. IF NCT FOUND, CHECK
CLRING EACH SCAN : IF GVMIN IS MISSING, GMIN IN EAND WILL BE GT.VNMIN.
ROUND TwC - FIRST MATCH MACE - REST SHCULL BE €4SY TG PMATCH.
«se«MAKE SURE WE'RE NOT OLT OF DATA. BOMB CUT IF NAV, GET NEXT BLOCK IF MpG,
18C IF{JV.GT.NFIX) CO TO 187
IF(KG.GTLINMAG) GC TC 78
184 IF(VMIN(JV).EC.GMIN(KG)) GO TC 2C¢C
C eeeoNC MATCE. CRECK IF SCANNEL PAST MISSING GMIN. IF NCT, GET NEXT GMIN.
IF(GMIN(KG).EC.G9G699G6.8) CGC TC 195
[FIGMIN(KG).GT.VMIN({JV)) GC 10 1¢6C
C «...NCT SCANNEC PAST - WANTED CMIN STILL AHEAL - SCAN FCR I7.
KC=KG+1
GO 10 18C
187 WRITE(é,1E8)
188 FCRMAT(//1X,? OUT OF Nav CATA BEFORE FIRST MATCH ~— SOMETHING WRO
+N\G '77)
C GET NEXT NAv LINE C2T4A.
LNCNT=LNCNT +1
GC 1C 10
C eoee SCANNED PAST - WANTED CMIN MISSINCG., CET MNEXT VMIN & RETRY MATCF.
16C WRITE(E,192) JV,KG,VMIN(JIV),GMIN(KG)
193 FCRMAT(1X,'AT 190 - SCANNED PAST COS GMIN MISSING. JV/KG ARE',21T7,
+' VMIN{JIV)/GMIN(KG) ARE',2F12.3)
Jy=Jv+l
GO T0 180
C eseoeGNMIN NCT USEZELE - SKIP TC MNEXT GMIN ANLC RETRY MATCH.
165 KG=KG+1

[sRaNeNeaNe!

GO 10 18C
C ¥a%x% MATCH RCUNC CNE WON. FIRST MATCF FOUAND. PRINT ¥5G.
C PAD MAG WITH FIRST DIGIT '5' - COMPUTE REGICNAL{ICRF) & ANOMALY.

2CC ZT(OP)=VvVNIN(JV)
LX{CP)=XN(JV)
ZY(CPI=YN(JV)
ZLAT(OP)=GECGX(JV)
ZLCN(OP)=CEBGY(JV)
CALL UNMINT(ZT(OP ), I1ZCAY(OP),ZTINME (CP))
IV({CP)=GNAG(KG)+5CCCC.
CALL IGRF(ZLAT(CP),ZLCN(CF),ZICRF(CP))
ZANCM(OPI=ZM(CF)-2IGRF(OP)
WRITE(8,207) LINEVMIN(JV),GVNINIKC),2X{OP),ZY(CP),ZM(0OP)
ZC7 FORMAT(1X, '"LINE #',1€,* FIRST MATCE FCULNC AT NAVTINE',F12.3,' ~- NA
+GTIME' yF12.3/1X, '*CORRESP X-Y & MAG ARE?',3F15.3)
C e+ UF C/P CATA PCINT CCURMNT.
OP=CP+1
WRITE(E,2CS) OP
209 FCRMAT(LX,'2AFTER 200, CP IS5 NOW',17)
C #*4xNOW STARTS PMATCH ROULND TWC. REST CF CATA.
220 Jv=Jv+l
KC=KG+1
IFI(KG.LE.INMAG) GG TO 221
MICkK=1



¢0 7O 78
221 CCATINLE

WRITE(8,223) JV,KG
223 FORNMAT(1X, "AFTER 2CC-22Cy JV/KG ARE',217)
23C [F(VNMINIV)EC.CMIN(KC)) €O TC 300

C «..WANTED GNMIN TC COME, MISSING CR G699999.9. NCTE CMIN CAN BE LLTLVMIN
C 'CCS TIME INTERVALS IMN MAG & NAV CATA MAY CIFFER.
C IF CMINLLTLVMIN, GET NEXT MAC WHICF MAY BE WANTED ONE.

IF(GMIN(KG) GT.VMIN(IVY) GC TC 23¢€

KC=KG+1

[F(KC.LE.IMAG) €O TO 2720

MTCH=1

GC TC 7¢

C
C

c

C
C
c

C

e» e CMINGTLYMIN - IF GMIN=GGCSCCC, G CET NEXT ¥AG. IF NOT GET NEXT NAV

WANTETC CVMIN MISSING.
236 IF(GMIN{KG).EL.S899999,3) CC TC z¢€0
WRITE(8,243) GMINLIJV)GEAY(UV),,CTINE(JY)
243 FORMAT(LIX,'WAC MINUTE'sF1C.3,' MISSING OR NO GCOD. DAY/TINME CF 0
+2F10.3," Ak dddpkodsnt)
JV=Jv+l
IF(JV.LE.NFIX) GO TO 22C
CF=CP+1
G0 10 40G¢
eeesGMIN=SGCCGC, C - GET NEXT MAG.
260 KG=KG+1
IF(KG.LELIMAG) GC TC 2320
MTCH=1
CC 70 7¢

?

#4%%  (NE MCRE MATCH MALCE. STCGRE IN O/P ARRAYS AND TRY NEXT MATCH.
AGAIN PAD MAG WITH FIRST CICIT *5* - CCMPUTE RECICNAL & ANOMALY.
DON'T LCAD DATA INTC C/F AREAY IF EAL MACSITINES REJECTELC ALREALY)

3CC IF{CMAC(KCG).NE.-999G9.G6) GO TC 304
WRITE(6,302) VNIN(JV)

3C2 FORMAT(1X, *a3%¥*x AT APPRCX MINUET CF',F1C.2," MAC VALUE WAS ZEROD

+ — NO DATA 0O/P FOR THAT TIME *HF kKT )
IF(JV.LT.NFIX) GO TC 220
0P=CP+1
GO 10 40C
304 ZT(CP)=VVNMIN(JIV)
ZX(CP)=XNIJV)
ZY (CP)Y=YN(JV)
ZLAT(OP)=GECGX(JV)
ZLEM CP)Y=GECGY (JV)
CALL UNNMINT(ZT(CP),TZ2CAY(CP),ZTINE(CP))
IM(OP ) =GMAG(KC)+5CCCC.
CALL IGRF{ZLATI(OP),ZLUN(CP),ZIGRF(CP))
ZANCNLCE)=2VM(CF)=ZICRFLCP)

WRITE(E,3CS) VMIN(JV) ,GNIN(KG) ,ZN{CP) X (CF)ZY(CP)4yZLATICP),ZLONI

+0P)
309 FURNAT(LX,"MATCHEL VMIN/CEMIN=1,2F1C.3, " MAG/X/Y=1,2F15.2,¢F15.8)
Bk %k SPCT CHECK MSG.

IF(MOD (0P 1C)aEQa0) WRITE(E,211) LINE JCPHVNINCJIV) oXNIJV),YN(JIV),GE
+CGX(JV) 2 GECGY (JV) ,CMIN(KE ), MAGIKC), IZDAY (OP) ,ZTINMEICP),2T(CP),ZX(0

+P) 4y ZY(OP)SZLATUCP) sZLCNICP),ZMICE)

311 FORMAT(1X,'SPCT CHECK - LINE #',1€," - ', I3,'Tt CATA PCINT ceees
+1X,'I/P NAYV - MINUET= 'yFS.14' - XN=1,F10.1,
+YN=',F10.1,' CGECGX=",F13.8," GECCEY=',F13.8/1Xy4X,"MAG —

'/

M

+INLET= '9F9.1, 70X, MAC=',15/1X, 'C/P - CAY/TIME/M
+INUET= % [4,'/%y FELLy" /¥ 4FG.1, ' - XN='4F1Calys? YN=',F1C.1,!* LAT

+='yF13.8, LON=',F13.8,7 MAC=',F7.1)

'COS



C e2+.CHECK IF END CF LINE REACHEL. IF YES, WRITE G/P 2RRAY & GET NEXT LINE.
IF(JV.EQ.NFIX) GO TO 4CC
C eseoNCT END CF LINE. UP 0O/P [CATA POINT COUNT & TRY NEXT MATCH.
gP=CP+1
GG 10 z20
C *%% LINE MATCHEC. WRITE C/P ON UNIT 2 & PRINT MSG. 50 ON TG NEXT LINE.
4CC WRITE(2,409) LINE, CF
4C9 FORMAT(1X,I1€41%,416)
WRITE(2,413) (IZDAY(J)2ZTIME(I) oZTUIY L ZXLI) 2 7ZY () 9 ZLATUJ)ZLCNL DD,
+ZV{J) S ZIGRFUJ) JZANCH(J)y J=1,CF)
413 FORMAT (T4 41X 3F6a1 91X yF1ll.231X3F12.331X3F12.3,1%,F13.841X%,F12.841X,
FFTely1X s FTal31X,F7.1)
C «2eoWRITE ENC-CF-FILE ON UNIT 2.
ENDFILE 2
WRITE(&,417) LINE, OP
417 FORMAT(1X, 'LINE', 16, ' FATCHED & O/P',16&," FIXES : GOING CN TO NE
+XT LINE'//)
C .+..UP LNCNT SC KG ISN'T RESET=1 'CCS NEXT LINE MAC MAY EE IN BLCCK IN HANC.
LNCNT=LNCNT+1
GC 10 10
END
REEEFEREEREREEEEREEREEEEFEEESLT S EREEERESEEITEE LSS REREREREEEERERREERERERSE]
SUBROUTINE IGRF{DLAT,DLON,GIGRF)

C
c PRGGRANM CCVMPLTES INTERNATICNAL GECMAGNETIC REFERENCE FIELC(THE THEORETICAL
C REGIONAL MAGNETIC FIELD FCR THE EARTH) AT ANY LCCATICN. CCVMPUTATICNS
C ARE DONE FROM PCRF COEFFICIENTS SET FOR AREAS DEFINED.
C FGRF CCOEFFICIENTS FOR AREAS NMUST BE SET IN PRUGRAM & [IF MCRE THAN ONE SET
C CF COEFFICIENTS ARE REGUIREC, ENSURE *IF' STATEMENTS WILL INITIALISE THE
C APPROPRIATE COEFFICIENTS ACCORDING TC CO-CRDS CF THE LOCATICN 1/P.
C I/F LCCATICN LATITUCE & LONGITUCE(CLAT & DLCN) IN DECIMAL CEGREES AND
C C/P wWILL BE THE IGRF VALUE(GICRF).
C COMPUTATICNS ACAPTED FROM BEDFCRD INSTITUTE PROGRAV FGEIRX4.
c #%%% SET I/C UNIT 5 = PGRF CCEFFICIENTS I/P DEVICE.
C 8 = MESSAGES & CEBUC PRINIS. FCOCCQUE GCH JAN 1972.
IMPLICIT REAL*8(A-H,0-2)
C #%%%SET LAT/LCN LIMITS CF AREAN COVERED BY COEFFICIENTS.
C BLATA=BIG(HI) LAT CF ARESL A5 SLATA=SMALL{LO) LAT CF AREA A5 ETC..
BLATA=TE.
SLATA=£S.,
BLCMNA=137.
SLCNA=125,
BLATB=75.
SLATB=¢€G.,
BLCNB=149,
SLCNB=137.

C ZC READ(5,423,END=99) DLAT,CLCA
C 22 FORMATIF2C.1C,F20.1C)
X=CLAT
Y=DLGA
C #33*CFECK IF LCON IS IN LON CEFINED BY AREA A [R AREA B.
IF(Y.CT.ELCNA) CO TO 3¢C
[IF{Y.LT.SLENA) GO TO 3C
C «e2.Y IS IN AREA A IN LCN VALUE - CHECK LAT VALUE.
IF(X.CT.ELATA) GO TQ 4cC
[F{X.LTLSLATA) GO TO 40
C «eeslAT & LON CoKe — LOCATICN X/Y IS IN 2ARER 2.
GO 70O 20¢C
C *¥%%N(T IN ARE# £A'S LON - CHECK IF IN AREA B'S LON - IF NOT, QUIT.
3C IF(Y.GT.BLCNB) GC TC 9SS



c

IF(Y.LT.SLONB) GO TU SS9

sseslLUN IN ARER E -
IF(X.GT.ELATE) G
IF(X.LT.SLATB) C

eeeslAT & LON C.K.
GC 10 4CC

CHECK L AT
C TC GS8
0 7C §%¢

IF NOT, QUIT.

- LOCATICN X/Y IS IN AREA B.

*%%%Y NOT IN AREA A LAT-®WISE BUT IN LCN-WISE CNLY. CHECK IF IN AREA B LAT-WIS
4C TF{X.CTLBLATB) GO TO 96S

IF(XLT.SLATE) €
eseeIN AREA B LAT-W

IF(Y.LT.SLCNRB) C
sessLAT & LCN C.K.
CC TO 4cCC

0 70 939

ISE - CHECK LOMN-WISE.
IF(Y.GT.BLONB) GO TO $S6S

0 TO 939

- LOCATYICN X/Y IS IN ARER B,

C #*#*INITIALISE AREA A'S PGRF CCEFFICIENTS.

3CC A0=4.247960403F
Al=-2.4E51€45372E
A2=2.574¢€85E12E
A3=1.219G54564E
A4=4,242SC833CE
A5=-2.5S€0T75€C2E

04
Cc3
C3
01
01
Cl

Ab=1.204276482E-01

A7=-1.412472CC5E
AB8=-3.374476887E
AG=1.,047481246E-

-01
-01
01

BO=€.987690585E-04

Bl=1.268586G€35E~
Bz=—1.€21€84(51CE
B3=S5.,32€427222¢8E-
B4=-3.24287C896E
GC 70 EcCC

03

-C3

C4

-04

C **3*INITIALISE AREA B*'S PGRF CCEFFICIENTS.
40C A0=2.020575714E 05
A1=8.973467845E 02

C

C

AZ=-1,4EG2284¢3E

03

A3=2 .,048578270& 01

A4=-8,203C15717¢€
A5=~-7.30114745CE

01
(¢

Ab=-2.82225€G54E-C1
A7=1.811406643E-01
A8=1.116083454EF 00
A9=4,38B2E8877245-02

BO=E5,.5€¢ECCLYTE-

C4

Bl1=-5.341548291E-04
B2=9.374785339E-06

B2=-4,€3G2G4727E-03
B4=-6.4853C55C2E-05

GC TC 500

SCC GIGRF=AQ+ALIRX+A2% Y+ AZXXXY 444 (XAH2 ) +A5H (Y H22 )+ B6H{ X¥K 2 )HY 4+ ATHXH (Y #
PE2)HABA (XA )HAGH( YRFT)4BCH( Xobk )k Y+B Lk Xok (Y3 ) 4B 2% ( X%%2 )% (Y442 ) +B
3% (XHKL VHELE (YA $4)

WRITE(€,33) DLAT,DLCN,GICGRF

33 FORMAT(1X, "AT LAT/LON OF*,F1E.8,1X%X,F15.8," IGRFf CCNPUTELD =',F10.3)

GC 1€ 97

**¥%¥%DLAT/DLCN FCR LCCATICN MCT IN AREAS FCR WHICH COEFFICIENTS SUPPLIED.

€SS CICRF=-1CE3C(

WRITE(€é,557) LCLAT, DLON
€97 FCRMAT(1X, 'CLAT/CLON'5F15.8,1X,F15.8, ' NOT IN PGRF AREAS #%%¥%:k%x')

6GC 1C 97
56 ST10P



97 RETURN
END
CAA Ao ¥ dokokokkdor 3 d bk gk ok gdokdaddokkktet Ak A S doh A I AN AN A AR A AN A
SUBROUTINE TMINT(DAY,TIME,SNIN)
C TFIS SUBRCULTINE CONVERTS SEQUENTIAL LAY+TINME INTC SEQUENTIAL MINUTES.
IMPLICITY REALXB(A-H,(-2)
C 4 REAC(E,¢,END=CSS) DAY, TINME
C 6 FCREMAT(F10.341X4F10.3)
C EACH DAY CCNTRIBLTES 144C. NMINLTES.
1C OMIN=DAY*144C.
C C(HECK IF TINE=CCCC.{MIDNITE) SO WE CON'T TRY TO DIVIDE BY C(C.
IF(TINME.NELCWL) GO TC 30
FMIN=C.
XMIN=0.
GC TC 40
C EXTRACT HRS FRCNM 'TIME' § CCANVERTS FRS TC MINUTES.
3C IFRS=IDINT(TINE/L1CC.)
FMIN=TIHRS*6C.
C EXTRACT NINUTES FRCM 'TIbE'.
JHRS=THRS*1CC
HRSJ=CFLOAT(JERS)
XNMIN=TINE-HRSJ
40 SMIN=DMIN+HNIN+EXMIN
WRITE(8,5C) CAYZTIMELSNIN
5C FORMAT(1X, '‘ODAY/TIME OF?',F1C.2,1X,F1C.3," CCNVERTED TO SMIN CF',Fl15
+.3)
GC T0 4
99 STCP
RETURN
END
Codtost b ob o ook o ok b ok o A b b o siedoieofo etk sl sk sk ok b b ko o skokokok kol ok b Rk kA d Aok dk Ak A A A A A A A A A I A AR D
SUBRODUTINE UNMINT(OMIN,IYADLENIT)
IMFLICIT REALZB8(A~-FE,(C-7)
IF(OMINJNE.C) GC TC 1¢C
IYAC=GC
ENVIET=0.
GC 1C 20
1C IYAC=IDINT(CMIN/L1440.)
CMINS=0OMIN-((CFLOAT(IYAD))#*144Q0.)
HCUR=IDINT(CMINS/60.)
RMINS=DNINS-(HOUR*EC.)
EMIT=FOUR*1CC.+RMINS
C FRINT 3, CVIN, IYAD, EMIT
C 2 FCRMAT(LIX ' MINUET CF',FG.29" CCNVERTEL TC CAY/TIME CF'y 17y "/ 'WF7
C +.2)
20 RETURN
END

s EeNeNale]

$CCPY *SKIP *STNK*



$CCFY *SCURCE*@a-CC *SINK*

sieislelasleNsNslalalaRaloNaNaeloNeleoNeNeNeoNaNaReNa N e

% ok 3k ok GRIDDER LR R R

CRICCER IS A PRCGRAM wrHICH IS USECD IF SEVERAL Z-VALULES AMRE TC BE CRICDELC ANC
PLCTTED. NORMALLY, EACH SET CF Z-VALUES HAS TO BE GRIDDED SEPARATELY 8UT
THIS LSES UP UNECESSARY CPL TIME SINCE THE CRIDDING FOR EACH SET OF Z-VALLES
IS THE SAME PRCVIDED THE SANE X-Y CC-CRCS ARE USECD ELCH TIPME.

SINCE TFE GRICCING IS THE SAME FOR EACH SET OF Z-VALUES, IF WE CAN RECCRC
THE CRICCING INSTRUCTICNS FOR A SINGLE GRIDDING RUN, WE CAN THEN LSE THESE TC
LCAD(REIGHTING CCRRECTLY ETC..) ANY NUNEER CF SETS OF Z-VAMLUES. THIS IS WHAT
CRICCER DOES - IT 'REMENMBERS' THE GRIDDING INSTRUCTICNS.

THE CRICDING FRCGS ARE CCULRTESY OF MIKE PATTERSCN, DEPT (CF GEOGRAPHY, LBC.

IN CALL MXGENIUXFIX,YP,IY,0AT2,N) = N=47CCC IF MXCEN-CLTPUT TO SEQ. FILE
==-7CCC MAG TAPE.
FCR TAPE, PRECECE THIS PRCC EXEC BY NCUNTING TAPE & LABELLING IT WITH A
CATA-SET NAME VIA THESE CCMMANLCS ¢ SCCPY *SCURCE#* TQ *TAPE*a((C
DEN MXGEN-OUTPUT
$ENDFILE «es THESE CCMNMANDS CN CARDS.
CONCANTENATE SBRTN MXGEN/MXPANC TC BE SURE.,.
SET LOGICAL UNITS 4 = I/F FCRMAT CF CATA TC Ef CRICCEL.
£ X-Y CC-CRDS OF GRILC ORICIN(2F2C.5)
§€ M&X X-Y CC-CRDS OF GRIL(2F2(.5)
&€ +1 CR -1 FOR ISIGN - SICN CF NI{I2)
3 = Y CC-CRDS CF PCINTS TG BE GRICCEL.
1 = GRICCER O/P - THESE ARE THE GRIDDING INSTRUCTICNS.
TG CHANGE GRID SIZE, CHEANCE CINENSICNS CF XF & YF AND IX 2 APPROX STMS 3C+
%% WARNING : DD NOT LSt DCGUBLE PRECISICN NUMBERS  %¥%
DINMENSICN FMTI(Z20), XP(S5C)s YP(E5C)y DATA(3,7C0C), ATAD{3,7CCC)
NPTS=1
ee»-READ IN [/P FCRMAT
REAL(4,10) FMTI
1C FGRIMAT(20A4)
eees READ IN X-Y CC-0ORDS TC FE GFRICCEC.
20 REAC(2,FNMTI,END=9G) (DATA{I,NPTS), I=1,3)
NETS=NPTS+1
GC 70 2¢
+2«END OF FILE READ - ASSUMEC NO MORE DATA T1C BE CGRIDDED.
99 ANFTS=NFTS-1
IF(NPTS.LE.C) GO TO SCC
WRITE(€432C) NPTS
3C FORMATI(1Xx,'LAST DATA PCINT READ IN WAS NC',1&,* ANLC WAS ...t')
WRITE(G6,FMTI) (CATA(I,LNPTS)y 1I=1,2)
QIOQSE1 IX-IY GRIE SIZE.
[X=50
IY=1X
eeeoNCk READ IN X- & Y-CCCRCS CF GRIL QRICIN - TO BE PLOT CRIGIN ALSC.
REAC(44,4C) XMINT, YMINT
REAC(4,4C) XMAXT, YMAXT
4C FCRMAT(2F2C.5)
WRITE(&941) XMINT, YNMINT
41 FORMAT(1X, 'I/P GRID URIGIN CC-CRDS IN X-Y ..'y 2F15.3)
WRITE(&6,14) XMAXT, YMAXT
14 FORMAT(1X,*1/F MAX CC-CRLS CF GRIL IN X-Y +.',2F15.3)
esssREAD IN SIGN TC KNCWw IF MXGEN O/P IS FILE(4VE! CR TAPE(-VE).
READ(4,42,END=43) ISIGN
42 FCRNAT(I2)



C

C
C
C

WRITE (€,44¢€)
46 FORMAT(1X,*SIGN SPECIFIED : +1=FILE; -1=TAPE 0/P FOR MXGEAN')
GC 7C 5C
seesNC SIGN SPECIFIEC - ASSLMECL FILE C/P - ISICN=+41l.
43 WRITE (6, 44)
44 FCRMAT(1X, 'NC SICN SPECIFIEC - ASSUMED MXGEN C/P 70 GO CN FILE')
ISIGN=1
+sssNOW REFERENCE ALL DATA Xx-Y CCCRLS 10 CRICIN SFECIFIED.
5C LC 52 I=14NPTS
ATAC( L, 1)=(CATA(L,,1)-XNINT)
52 ATAC(Z,1)=(CATA(2,1)-YF}INT)
WRITE(€451) ATAD(1,NPTS)y, ATALLZ,NPTS)
51 FCRMAT(1X,*'RECRIGINELC LAST LCATA FCINT : X =1,F15.3," ¥ =1,F15.3)

sese SET LP GRILC CRCSSING CCCRDS XP{ ) & YF( ).
REMEMBER ORIGIN IS (XMINT, YMINT)aeeae
XF{1)=0.
YP{1)=0.

eeoesSET UP CRILC INCREMENTS.
CXP=(XMAXT—-XMINT)/(IX-1)
CYF=DXF
DO 52 K=2Z,1x
XP {K )=XP (K~1)4D xP
53 YF{K)=YF(K=-1}4CYP
WRITE(E4S4) XF(1l)y YPU1),y CXF
S4 FORNMAT(1X,*'GRILC IS TC BE ORICINELD AT X=',F15.3,"' Y=",F15.3,"' WITH
+GRILC INTERVAL=',F10.3, % AXES UNITS?')
WRITE(E,€2) XF(IX)y YF{IY)
672 FORMAT(1X,'GRID STRETCHES TC %X =',F15.3,' Y =',F15.3)
eee«SET UP ND OF POINTS '8*' - +VE IF FILE, -VE [IF TAPE O/P FCR MXGEN.
N=NFTS®ISICGN
eses CALL GRID GENERATOR - NPTS +VE IF FILE, -VE IF TAPE FCR MXGEN DO/P.
CALL MXGEN(XPyIXyYP, 1Y, ATAD,N)
WRITE(6455)
55 FORMAT(LX,*MXGEN CALLED & ALL POINTS GRICCEL")
STCP 1
esesNG CATA TG BE CRIDDED SINCE ENDFILE READ CN FIRSY ROUND.
€CC WRITE(E,45CS)
(S FORMAT(/1X4"'"NC CATA 1L BE GRICLCEC?? UMNIT 3 EMFTY?2??)
STCF 9
END
AHARAAAA AR A IR AR AR IR AR F R AT R FE A A AR A A AR AR E A AT R AR AR A AR I S S A A AN A AR AR A AN #
MAXGEN LISTING AVAILABLE CNLY FROM
MIKE FATTERSCN [CEPT CF CGECGRAPEY UEBC

$COPY *SKIP *SINK=*



$COPY *SQURCE*3-CL *SINK*g-L{
%ok %ok K PLOTTER # %ok sk %

IN PLOTTING DATA FROM SCATTERED POINTS, THESE MUST FIRST BE 'EXPANDED?
A SQUARE GRIC. MXGEN, A GRID GENERATOR PROG, KEEPS THE EXPANSION
INSTRUCTICNS & FCR THE SAME DATA POINTS, CONLY THE Z-COORD TO BE PLOTTED
NEEDS TO BE I/P SINCE THE X&Y CO-0ORDS ARE ALREADY KNOWN(BY NMXGEN).
WITH THE MXGEN GRID EXPANSION INSTRUCTIONS ACCESSIBLE VIA UNIT 1, THE
Z~CGCRDS I/P ARE WEIGHTEL ETC.. BY MXPAND.

THIS PROG WRITTEN INITTALLY FOR MAX OF 7CC0 DATA POINTS TC BE ON
A 50 X 50 GRIC.
SET THE I/C UNITS 1

OBTAI NED FRCM MXGEN RUN)

2 = I-COORDS TO BE GRIDDED/PLCTTED.
4 = 7-CCCRD FCRMAT FOLLOWED BY ...
PLOT-SIZE ALCNG Y-AXIS,
NO. OF CONTOURS T4 BE PLOTTED IN RANGE OF Z,
X—-CCCRD/Y~-COORD OF PLCT ORIGIN,
INCREMENTS/PLCT INCH ALONC X- & Y-AXES RESP.
7 = GRIDDED DATA : O/P IN BINARY.
9 = FLCT COMMANLCS 0O/P.

¥%% RUN THIS PROG WITH MXPAND ANLC FLCT20 ETC.. CONCANTENATED.
MXPAND/MXGEN ARE COWRTESY OF MIKE PATTERSCN, GECGRAPHY, UBC
PLCT20 AND SCAL2D COURTESY OF TAD ULRYCH, GEOPHYSICS, UBC.
THIS JIG-SAW PIECEWCRK FUT TOCGETHER 10 FEB 1972 ROCQUE COE CEOPHYSICS

alnleNelaleNelglaNolelsNelaEsNeNalalsNeNelgtEeNoRaEe!

COMMCN/DEBUG/FLAG
LCGICAL FLAG
FLAG=.TRUE.
DIMENSICN FMT(20), XP(5C), YP(S0), GRID(50,50), CATA(T70CO)
C #%%x%READ IN Z-CODRD FIOIMAT FROM UNIT 4
READ(4,10) FMT
10 FORMAT(204A4)
WRITE(6412) FMT
12 FORMAT(1X, 'Z-COORD FORMAT IS..', 20A4%)
C *%%%READ IN PLCT PARAMETERS - INITIALISE PLOT SUBROUTINES.
CALL PLOTS
READ(4,20) SZY
READ(4,22) NCONT
READ(4424) XCCCR,y YCCCR
READ (44 24) DX, DY
READ(4,22) IX
20 FORMAT(F20C.5)
22 FORMATI(12)
24 FORMAT (2F20.5)
WRITE(6,430) SZY,NCCNTyXCOOR,YCOOR,CX,yCY,y IX, IX
30 FORMAT(1X, *PLOT PARANMETERS I/P ARE..'/1X, 'ST2E Y =", F10.3,3X,
+'NO. OF CONTOURS IN RANGE =',16/1X, 'X- & Y-CCORDS CGF PLGT ORIGIN
+=', 2F13.3/1X, 'INCREMENTS ALONG X- & Y-AXES ARE', 2F1C.3/1X, 'GRI
+D IS TO BE', I&5 ' X 'y 16/)
C **¥*%CALL YSIZE IF LARGE PLOT REQUESTED.
IF(SZY.GT.10.5) CALL YSIZE{(29.0)
Iy=1IX
IDIMX=1X
ICM= IX

AFTER THE Z-CCORDS ARE GRICDED, SBRTN *PLCT2C' 1S CALLED TC PLOT THE DATA.

TC

MXGEN C/P(GRIDC GENERATING/WEIGHTINCG INSTRUCT IONS

U
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CALL AXIS{O«,CYy1H 4y-13SZX90.4XCOOR,DBX)
CAaLL AXIS(0.,CYy1lH ,41,S2Y,90.,YCOOR,LY)
CALL PLOTA(C. ySZP,+3)
CALL PLOTU(SZIX,SIP4+2)
CALL PLCT(SZIX,CY,42)
c NOW SCALE THE MaAP
CALL SCAL2D(G,IDMyJBMaIX,IY,OGMAX G MIN,NCCNTCHAXH CMIN,CINT)
C WRITE THE RELEVANT VALUES
WRITE(6,111) GMIN,GMAX,CMIN,CMAX,CINT
111 FORMAT(//* MINIMUM VALUE CN MAP =',1PEL15.5/" FAXINUM VALUE ON MAP
+=1',1PE15.5/"' MINIMUM CONTOUR VALUE =',1PE15.5/* MAXIMUM CONTOUR vA
+LUE =',1PEL15.5/" CONTCUR INTERVAL ='1PEL15.5//17)
c PLOT THE CONTOURS
C LABEL EVERY LTH CONTOUR ONLY
IF(LTH.EQ.O0) LTH=1
SEP1=3.0
[IF{SZY.LT.6.1) SEP1=2.0
IF(SZY .GT.10.5) SEP1=4.0
LCCP=-1
NUMC=(CMAX-CMIN) /CINT+1.1
CN=CMIN
DC 3 I=1,NUMC
LCCP=LC0P+1
SEP=0.
IF(LOOP.EQ. 1) SEP=SEP]
CALL CNTOUR(XPsIX,YP,1Y,G,IDM,CN,SEP,CN)
CN=CN+CINT
IF(LOOP.EQ.LTH) LOOP=C
3 CCNTINUE
SXS$=SIX+5.0
CALL PLOT(SXSyC.,-3)

RETURN
END

C Aotk ookl ok ok ok ok dok ok etk Sl ok ok b o R kR dokokok ook okl SR Rk R Rk kA 2k b d ok dokolok &
SUBROUTINE SCALZ2DIG,IDN 0N I X 1Y, GMN2X,GMIN,NCONT CMAXL,CNMIN,CINT)

C SCAL2D SCALES THE MAP fOR PLOTTING

C G(IX, 1Y) IS THE DATA TC BE SCALED 3F QOUTSICE DIMNS. {IDM,JDM)

C GMAX AND GMIN ARE THE NMAX AND MIN VALUES CF G

C NCONT IS THE NUMBER OF CONTOURS

C CMAX AND CMIN ARE THE MAX AND MIN CONTQOUR VALUES

C CINT IS THE CONTOUR INTERVAL

c B ko ok koo ok sk o o ook R JOR o o o sk ok sk sk ootk ok o kol g ko ok kol ok ok ok kol ok ok ok koo
DIMENSICN G(ICM,JDM), 2(5),8B(5)

C FIND MAX & MIN OF G

GMAX=-1C. CE®6
GMIN=10.0E6
DC 10 I=1,1IX
DO 10 J=1,IY
IF(ABS{G(I,J)).GT.10.C0E2C) GO TQ 10
IF(G{I,J)GT.GMAX) EMAX=C(I,J)
IF(G(L4J)oLT.GMIN) GMIN=G(I4J)

10 CONTINUE

c RANCE IS DIVIDED INTO NCONT PARTS
DG=(GMAX-GMIN)/FLOAT (NCCNT)

C FIND ORDER COF INTERVAL INT
INT=ALOG1C(DG)

C INCASE INT IS -VE
IF(DGLT.1.0) INT=INT-1
DGN=DG/10.C**INT

C CGN NOW L IES BETWEEN 1.C & 10.0



C CHOCOSE THE BEST CONTCUR VALUE
DATA A(1)4,A(2)4A(3),8(4) yA(5)/140+92:0+12e595.0410.0/
TEMP=11.C
DC 20 J=1,5
B(J)=ABS(CGN-A(J))
IF{B{J).LE.TEMP) IVALU=J
IF(B(J).LE.TEMP) TEMP=BI(J)

20 CONTINUE
CINT=A(IVALU)*10.0%%INT

c 0.0 MUST BE A CONTOUR
ITEMP=GNIN/CINT
CMIN=CINT*{ITEMP-1)
ITEMP=GMAX/CINT
CVMAX=CINT*(ITEMP +1)

RE TURN
END

$SIGNOFF



$CCPY *SCURCE*a-CC #*SINK*

OO0 OO0

C

R EEREL ] TRACKER EEEEREEE R

PRCC PLCTS SHIP'S TRACK - CIVEN SHIP'S CC-CRCS, EVERY NFLCT-TF POSITION

IS PLOTTEL eeae¢ SET UP 'NPLOT?® IN STMT #9 eess
THIS PROG WRITTEN INITIALLY FCR MAX OF 7000 CATA POINTS ..
2 = SHIPYS PCSITICNS TC BE PLCTTEC
4 = Z-CCORD FORMAT FOLLOWED BY <.
FLET-SIZE ALCNG Y-AXIS,
NC. CF CCATCURS TC BE PLOTTEL IN RANCE OF Z,
X-CCORD/Y-COORD CF PLCT CRIGIN,
INCREMENTS/PLOT INCH ALCNG X- & Y-AXES RESP.
9 = PLCT COMMANLCS Q/P.
WRITTEN TG PLCT CSS PARTZEAL 167C MAC CATA : 28 FEP 1972 RCCQUE GCH

CONNCN/DEBUG/FLAG
LCGICAL FLAG
FLAG=.TRUE.
CIMENS ION FMT(2C), X(700C), Y(TCCC)
*AH#XEVERY NPLCT FCSITIONS ARE PLOTTEC oa
S NFLCT=5
44 *READ IN SHIP?'S POSITIONS FCRMAT FRONM ULNIT 4
REAC(4,10) FMT
1C FCRNMAT(2CA4)
WRITE(€412) FMT
12 FORMAT(1X, *SHIP''S POSITICNS CO-ORD FORMAT IS..', 20A4)
¥¥%%READ IN PLLT FARAMETERS - INITIALISE PLCY SUBRCOLTINES.,
NCCNT NGT REGQGUIRED FCR THIS PRCC - SC THIS IS JUST A CUNMY READ ..
CALL PLOTS
REAC(4,20) SZY
READ4,22) NCONT
READ(4424) XCCCR, YCCCR
REAC (4,24) CX, DY
REAC(4,22) IX
20 FCORMATI(F2C.5)
22 FORMAT(I2)
24 FCRNMAT(2F2C.5)
WRITE(€4+3C) SZYSNCCNTHXCCCR,YCCCRHLX4EY, IX,1IX
2C FORMAT(1lX, 'PLCT PARAMETERS I/P ARE..'/1X, 'SIZE Y =*, F1(C.3,3X,
+'NC. CF CONTCURS IN RANGE =',1&/1%, *'X- & Y-COCRDS OF PLCT CRIGIN
+=%, 2F13.3/1Xy 'INCREMENTS ALCNC X- & Y-2XES ARE', 2F10.3/1X, 'GRI
+0 IS T0 BE?'y 1€, ' X 'y 1€/)
#%%FCALL YSIZE IF LARGE PLOT REGUESTEC.
IF(SZY.CT.1C.5) CALL YSTZE(29.0)
I1y=1X
ICIVMX=1X
ICF=1IX
JON=1X
LTk=1
*%%4NCW REAC IN Z-COORDS 10 BE GRIDOED/PLCTTED.
NETS=1
4C READ(Z,FNTLENC=58C) (X(AP1S), Y(NPTS))
NPTS=NPTS+1
GCC TC 40
*%%%ENDFILE READ - ASSUNMED MC MCRE [ATA PCINTS.
5C NPTS=NPTS-1

uBc



WRITE(6452) NPTS
52 FORMAT{1X, 'NC. CF 0AT2 FCINTS REAL IN =',164*. LAST DATA PCINT:Y)
WRITE(E,FMT) X(NPTS),y YINFTS)
C **3¥NDW REFERENCE ALL SHIP CUG-QRDS TC MAP CRIGIN & SCALE TEENM TC PLCOT-INCHES
LC €9 I=1,NPTS
XCI)Y={(X{1)-XCCCR) /DX
69 Y(I)=(Y(1)-YCOCR) /DY
C #+¥%NCW FLCT AXES .ae
CALL AX!S(O- 90- 91H 1'1 ySZYrO-;XCCCPrDX)
CALL AXIS({Cas9CeslH ,+1,5S2Y,5C.,YCCCR,CY)
C *%%3NOW PLOT EVERY NPLOT-TH POSITION -~ SHIFT TO FIRST POSITICN 'PEN UP' ..
CALL FLOT(X(1),Y(1),43)
DO 75 K=1,NPTS,NPLCT
7% CALL SYMBOLIX{X),3Y(K)yCaeC35,2,6C.,-1)
C #%#%THAT'*S ALL — TERMINATE PLOT SUBROLUTINES
CALL PLCTNE
WRITE(€E,EC)
8C FORMAT(//1X%, ! *%¥%  LOOKS LIKE A GCCD PLCT  #%% 1)
STCF 1
END

$CCPY *SKIP #SINK*



$COPY *SOURCE*@-CC *SINK=*

C EE 2R EEEE A STATION NMAC PLCTTER Fdckkkkokkkk

C

C PRCG PLCTS STATION MAC CATA - CATA FORMAT CCMPATIBLE WITH ATLANTIC

c OCEANOCGRAPHIC LABORATCRY STATICN MAC L2TA  ceasas

C GEEZCICTIHFATEWRITINCGTHISONE ees 3 MARCH 1672 ROCQUE GOH GECPHYSICS UBC
C SET 1/0 LMNITS 8 = MAGC C2TA TC BE PLCTTELI(STATICON MAG)

C 5 = CONTRCL CCMMANLCS - TIME-PERICCS TC EE PLCTTEC

C S = PLOT COMMANDS O/P

C

WRITTEN PRINMARILY TO PLOT ATKINSCN POINT STATICKN MAG - 167C
IMELICIT REAL*B(A-H,C-17)
REAL*4 XPLOT(1CCO)},YPLOT(1CCC)
DINMENRSICN MAG(1C00), SMAG(ICCC),STIME(LICCC),SMIN(ICCO),
+PXx{1CCC),PY(1CCO)
COVMON/DEBUG/FLAG
LOCICAL FLAC
FLAG=.TRUE.
C **++%xNMAG = NO CF STATION NMAG REACINES PER HCLR IN CNE RECORL ...
NMAC=12
C #%%xLFCINT = LCAL FOINTER USEC FCR LCADING C/P ARRAYS ....
18 READ(S,2CyEND=SG5) PSCAY,PSTINE,FEDAY ,FETINE
LPCINT=1
20 FCREMAT(4F20.3)
CALL TMINT(FSCAY,PSTINES,FSMIN)
CALL TMINT(PEDAY,PETINME, FEMIN)
WRITE(6,30) PSDAY,PSTIVE,PECAY,PETIME
3C FCRMAT(' YCL HAVE ASKEC FCR THE FCLLCWING LCATA TC BE PLCTTEC ...'/
+¢ START : CAY',F6.1,' - TINE',Fé.l,' / ENC 3 CEY',F6.1,' - TINE?,
+FELJL/Y I''LL TRY TO FIND AND PLOT IT seeea'/)
C *#%%READ IN MAC CATA & CHECK IF IT IS TO EE PLOTTED .s..
35 MECGF=C
4C REAL(8,45,END=CSC0) MDAY,FMHOLR,(MAGI(I), [=1,NNMALC)
45 FCRNMAT(2X,13,1X,1241216)
DC 50 MFF=1,NMAG
SMAC (MM)=FLCAT (MAG(MM))
SCAY=FLCAT (NDAY)
SECLR=FLCAT (MHCUR)
STIME (MM)=(SHCUR*100. }+FLCAT ((MM-1)%5)
CALL TMINT(SDAY,STIME(NMNM),SMIN(MM))
S5C CCMTINLE
DC 1 MM=1,NMAG
IF(PSMIN.EQ.SMIN(MM)) GO TO €C
IF(FSVMINLLTLSVIN(MM)) GO TO S8¢C
51 CCNTINUE
WRITE(€,52) MDAY, MHCLR
52 FORMAT (' SKIPPED RECORD FCR OCAY/HOUR'2163"' ecenvwesse')
GC 1C 35
C #*3FCUND MAG CATA NEEDED ~ START LOALCINC INTL C/F ARRAYS ..
6C WRITE(&,€4) SMIN(MM)
64 FCRMAT(' FCUNLC CATA TO BE PLCTTED AT SEQUENTIAL MINUTE =',F1£.2)
WRITE(€,€66) PSNIN, FEMIR
66 FORMAT(' CCMPARES WITH START-MIN OF',F10.2,' & END-NIN CF',F10.2)
CO 70 K=FM,NMAG
PXCLPCINT)=SMIN(K)
PY(LPOINT)=SMAG(K)
TF(PEMIN.LELSMIN(K)) GO TC 91



LFCINT=LPCINT+1
7C COMNTINLE
C #44%READ IN MAGS & KEEP LOADING TILL END CF PERIOC WANTED IS SENSELC eeee
C NCTE LCAC FCINTER IS REACLY FOR NEXT LOABD
77 READ(8,4E,END=SC0O) MOUAYLMHCLER,(MRCG(1), I=1,NVAC)
CQ 8C J=1y,NMAGC
SVMAC(J)=FLCAT (MRAG(J))
SOAY=FLCAT(NMLCAY)
SEOULR=FLOAT(MKECUR)
STIME(J)=(SKOUR*L1CC..)+{FLOAT({J-1)%5))
CALL TMINT(SCAY,STIME(J),SMIN(J))
PXULPOINT)=SNMIN(J)
PY(LPOINT)=SMAC(J)
IFIFENMINJLELSMIN(J)) €O TO S1
LFCINT=LFCIAT+1
EC CONTINLE
GO 10 77
C #%%%xgENUFF DAT A LCACED ...,
S LPCINT=LPCINT-1
C «...CHFECK FCR ZERC MAGS - TIF ZERC, SET 10 MAG VALUE CLOSEST TC IT ..
C THIS ISN'T THE MOST SATISFACTORY OF SETTING ZERGC READINGS, BUT ...
DC 62 I=1,LFCQINT
IF(PY(I).GT.C.) GC TC S2
[F(I.EQ.1) PY(I)=PY(I+1)
IF(TI.GT.1) FY(I)=PY(I-1)
52 WRITE(E4S4) Px(I1), PY(I)
94 FORMAT(/' MAG.LE.ZERO AT SMIN OF',F1C.2,' — SO SET TC',F1C.2)
92 CCMTINUE
WRITE(E495) PX{1),PX(LPCINT),FSMIN,PEMIN
S5 FORMAT(/ ' FIRST & LAST DATA FCINTS LOACEL ARE <..'/' FIRST SMIN=T,
+F10.2,' - LAST SMIN=',F1C.24 ' - ARE THEY REQUESTED POINTS WHICH AR
+E',2F15.2)
C **¥%xREADY TC PLCT - SET LP PLCT BCUNDARIES sesw
CALL CERMAX(PX,LPOINT,PXNAX)
CALL DERNIN{PX,LPCINT,PXVNIN)
CALL DERNMAX(PY,LPCINT,FYMAX)
CALL DERMIN(PY, LPCINT,PYNIN)
LY=50.0
Dx=30.0
C ##*xFIND NICELY RCUNDED CC-CRD BCUNCARIES ....
YOR=A{FLOAT(IDINTI(PYMIN/DY)))ADY
XCR=(FLCAT(ICINT(PXMIN/LCX}))*CX
WRITE(€E,1C2) XCR, YCF
1C2 FORMAT(' PLLCT WILL BE ORIGINELC AT X =',F1C.2,' - Y =",F1C.2)
YNAX={(FLCAT(IDINT(PYMAX/LY)))*DY)+DY
XMAX=((FLCAT(ICINT(PXNEX/LCX)))*CX)4LX
SZx=(XNMAX-XCR} /CX
SZY=(YMAX-YCR)/DY
IF(SZY.CT.1C.) CALL YSIZE(29.0)
WRITE(€,1C8) SZXx, SZY
1C8 FORNMAT(' PLOT SIZES WILL BE — X =',F1C.24' = Y =",F1C.2)
C *%%*SCALE DATE TC FLOT INCFES ...
DG 115 K=1,LPCINT
XPLOT{K)=(PX(K)-X0OR) /DX
115 YFLCT(K)I=(PY(K)-YCR)/LY
C #3¥%kxAND WE START TC FLCT «ee.
CALL PLCTS
CALL AXIS(CayCay*STATION MAG(GAMMAS) ' ,+19,52ZY,5C.sYCR,DY)
CALL AMXIS(Ce9Cey'TIME — MINUTES'»-14,4SIX,4C.,X0R,DX)
CALL LINE(XFLCT,YPLOT,LPCUINT,+1)



XSYM=SZX+4C.¢

CALL MUNBER(XSYMy0.54C.144PSDAYGC.y—1)
CALL WHERE(X,Y)

X=XSYM

Y=Y+0.84

CALL NUFMBER(Xy)Y40.144yPSTINE990.49-1)
X=XESYM

CALL SYMBOL(XsYs0.14," T8 '45C.,8€)
CALL WHERE(X,Y)

X=XSYWV

Y=Y¥+0,42

CALL NUMBER(XyYy0.1l4,4PEDAY$SCay—-1)
CALL WHERE(X,Y)

X=XSYN

Y=Y+C.E4

CALL NUMBER(XyY9s0el44PETINEZSCs 9—1)

C #*3%RE~CRIGIN FLCT FOR NEXT CNE seas

12¢C

XNEW=SZX+1C.0C

CALL PLCT{XNEW,C.,-3)

WRITE(6,120) PSDAY,PSTIME,PEDAY,PETIME

FCRMAT(/* PLCT CENERATECL FCR FERICC'yZF1C.zy' TO',2F1C.2/7/7)
GG T0 1€

C *%*%THESE ARE THE EXITS eusss

SCO
sC2

580
GE3

$95
€S

WRITE(6,503)

FCRNMAT(/' INSULFFICIENT MAC CATA - FLCT NCT GENERATECL')
STCP 9

WRITE(6,983)

FORMAT(/' MAG CATA HAS HCLES - FRCC CANNCT PLOT ITY)
stop 7

WRITE(6,997)

FCRMAT(' ENCFILE ON UNIT 5 - NC MOFE PLOTTING RECUESTED?')
CALL PLOTND

STGP 1

END

C 3% ddkdokdokkdokdkohdddokkkdokbok Rkt kA p bk dokobok kA etk A b4 d bbb Aokt

1C

3C

40

SUBROLUTINE TMINT(DAY,TINE,SNFIN)
IMPLICIT REAL#*8(A-H,0-7)
OMIN=DAY*1440,.
IF{TIME.NE.C.) GC TC 3C
EMIN=0.

XMIN=0.

GC 10 40
IERS=IDINT(TINE/1CO.)
HMIN=IFRS*60.
JFRE=THRS*1CC
HRSJ=DFLOAT( JHRS)
XMIN=TIME-HRSY
SMIN=DNMIN+HNIN+XMIN

RE TLRN

END

C A dddddkokdfdohdd dodookdadododok b dobh dodo dodododok sk okt ook f b ok Aok %

20

35

SUBRCUTINE CERMAX{X,N,LCM2X)

IMELICIT RERAL*B(A-H,(-2)

DIMENSICON X(N)

DMAX=-10.E30

DC 20 I=1,KN

IF(X(I).CT.CMAX) DNMAX=X(T1)

CONTINUE

WRITE(6,35) CMAX

FORMAT(Y NMAXINMUNM VALLE FCUND =',F15.2)



RETURN
END

C ok kdokokokokstokok ok ko kR AOR Ik Rk kR R Ak A A A A A A AR A A AR AN A AT A I A A A
SUBRROUTINE CERNIN(X4NH,CNIN)
IMPLICIT REAL#*8(A-H,0-1)

DIMENSICN X(N)
DMIN=+10.E3(
CO 20 I=1,N
IF(X(I)LTLOMIN) CMIN=X(1)
3C CCNTINLE
WRITE(€,437) ONMIN
37 FORMAT(' MINIMUM VALLE FCUND =',F15.2)
RETURN
END

$COPY *SKIP *SINK=



$COPY *SOURCE*a-CC *SINKx*

OO0

FREERE ONEDEE PLOTTER ARk ek

PRCG PLGOTS MAG CATA IN TINE SERIES ~ ONE-CIMENSICNALLY ..
CATA MUST BE ORGANISEL IM LINES wWITH LINE# & & CF PCUINTS PRECECINCG
LINE DATA ...
g MAGC CATA TC BE PLOTTEL
< PLCT CCMNMANDS C/P
WRITTEN PRIMARILY TO PLOT BEAUFCRT SEA/NACKENZIE BAY VMAG L[ATA
WRITTENINAHURRY ... 2 MARCH 197Z ROCQUE GOH GECPHYSICS UBC
DIMENSICN SMIN(10CO), ZMAG(1CCQO), DUNMNY(1CCO)
COMMON/DEBUG/FLAG
LCCICAL FLAC
FLAG=.TRUE.
IFLAG=C
*%%%READ IN CONTROLS CARDS TC KNCW WHICH LINE IS TC BE PLCTTELD ...
18 REAC(5420,ENC=GS5) PLINE
20 FORMATI(FZ2C.Z
e+ «CON'T READ IN ANY MAG DATA IF IFLAGOC <.
IF{IFLAG.CT.0) GO TO 27
ses+READ IN DATA AND CHECK IF IT IS TC BE PLCTTED eaw
MECF =0
22 REAL(B4+25,END=3C) LLINE, NPTS
25 FORMAT{1X,1&,1X,16)
QUINE=FLOAT(LLINE)
esss CFECK IF LINE IN HAND IS TC BE PLCTTEL ...
27 TFLFLINELECLGLINE) CC T0 40
IF(PLINEL.LTL.GLINE)Y CGC TC 35
esssCATA NOT TO BE PLOTTED — SKIP AND GET NEXT SET ecawes
1FLAG=0
MECF=0
READ(8,2E,END=SG1) (DULNMY(I), I=1,NPTS)
28 FORMAT(F10.2)
WRITE(6,26) CLINE
26 FORMAT(® LINE #' 4 F10.2," SKIFFED CVER caevesan')
GO TO 22
3¢ MECF=MECF+1
IF{NMECF.GT.1) GO TC 33
GCC 7O 22
#%4%TWC ENOFILES REAC - ND MORE MAG CATA 70 PLOT ..
33 WRITE(6,34) PLINE
34 FORMAT(?® LAST LINE PRCCESSEL wAS',F10.2,' - TWC EQFS CN ULNIT 8'")
CALL PLOTND
STCF 5
F%X%LINE TG BE PLCTTED NCT FCUND - CGET NEXT CONTRCL C2RE ...
35 WRITE(€,2€) PLINE
36 FCRMAT(/' LINE #',F10.2,' NOT FOUND - NOT PLOTTED?")
IFLAG=1
MECF=0
GO TO 18
¥¥%xFCUND LINE TC BE FLCTTECL - FERC IN LINE LATA ...
4C MECF=C
IFLAG=0
REAC(8,5C,ENC=991) (SMIN(K),ZMAG(K), K=1,NPT35)
5C FCRFAT(12X,F11424+55X%X4F7.1,16X)
WRITE(€,53) PLINE

EACH



53 FCRNMAT(' FLCT CATA FOR LINE #'WF10.2,' REAC IN — LAST DATA POINT')
WRITE(6,5C) SMIN(NPTS), ZNMAG(APTS)
C *¥#%%SET UP PLCT PARAMETERS
£y=50.
Lx=30.
C #%¥%FIND MAX/NMIN VALUES CF SNMIN € ZIMAC 2.4
CALL DERMIN(SMIN,NPTS, SSMIN)
CALL CERNMAX(SMIN,NPTS,ESFIN)
CALL DERPFINUZNAG NPTS,SZVAG)
CALL DERNAX(ZNAG,NPTS,BZNAG)
C #2%%FIND FUNDRED-GAMMA VALULE JUST BELCW LCWEST ZMAG ..
YCR=(FLCAT(INT(SZMAG/CY)))*LY
C *¥¥#%FIND PLOT-INCH JUST BELCW LCWEST SMIN ....
XOR=(FLOAT(INT(SSMIN/TCX)}))=DX
WRITE(6,55) XCR, YOR
55 FCRMAT(' PLCT WwILL BE CRIGINEL AT X =',F1C.2,* - ¥ =%, F1C.2)
C *%%%F IND HUNDRED-GAMMA VALLE JULST AEOVE FIGHEST MAG ...
YMAX=((FLCATUINT(BZMAG/CY)))¥CY) 4DY
SZY={(YNAX-YCR) /LY
IF(SZY.GT.1C.) CALL YSTZE(Z2G.()
C *%%%FIND CAY JUST FIGHER THAN THE LARGEST SMIN VALUE ..
XNMAX=((FLCAT(INT(BSMIN/CX)))IIEX)+CX
SZXx={XVMAX-XCR) /CX
WRITE(€4,5€) XMAX, YMAX
56 FCRMAT(*' NAXIMUM CO-ORLCS ARE X =',F1C.2,"' 2 ¥ =',F10.2)
WRITE(€,57) SZX, S17VY
57 FORMAT(' PLCT SIZES WILL BE - X-AXIS =',F1C.2,' - Y-AXIS =',F10.2)
C #x¥xS5CALE DATA ...
CC 7C PM=1,NFPTS
SMIN{M)=(SNMIN(VM)-XOR)/OX
7C ZIMAC(M)=(ZMAG(M)-YOR)/DY
C *¥%xSTART PLCTTING — AXES FIRST, POINTS NEXT ...
CALL PLCTS
CALL AXIS(CaeyCoey "MARINE NAG — GAMMAS' y+19,52Y535C.YCR,TOY)
CALL AXIS(C+sC.,'TIME - MINUTES',-14,SZX,C.,X0R,DX)
CALL LINE(SNMIN,ZMAG,APTS,+1)
C *33%RE-ORIGIN PLCT AXIS FCR NEXT PLOT ...
XNEW=SZX+5.0
CALL FLCT{XNEW,0.,-3)
C #*2*%GET NEXT CCNTROL CARD FCR NEXT FLCT ..
WRITE(€E,78) PLINE
78 FCRMAT(' LINE #',F10.2,' PLOTTEC")
GO0 70 14
C *#43FUNEXPECTEC ENCFILE ON MAG CATA TC BE PLCTTED ...
991 WRITE(6,992)
€62 FCRMAT(' ULNEXFECTEC ENCFILE ENCCUNTEREC ON UNIT 8 - MAG CATAY)
$7GP S
C #443NC MORE LINES TO BE PLOTTED ...
695 WRITE(69696) PLINE
€G€& FCGRMAT(' LAST LINE PLOTTEL',F10.2,' - NORMAL TERWINATICNT)
CALL PLOTND
STCF 1
ENC
SUBRCLTINE CERMAX(XN,CNM2X)
D IMENSION X{N)
CMAX=-10.E3C
CC 20 I=1.N
IF(X(I).GT.CMAX) DNMAX=X(T)
20 CONTINUE
WRITE(6,35) CMAX



35 FORMAT(' MAXINUM VALLE FCUND =',F15.2)
RETURN
END
SUBROUTINE CERMIN(X,RsENMIN)
DIMENSION X (N)
CMIN=+10.E3C
DC 30 I=14N
IFIX{TI)JLTLCNMIN)Y DMIMN=X(T)

3C CONTINUE
WRITE(6,37) CVMIN

37 FCRMAT(* NMININUM VALULE FCUNL =*,F15.3)
RE TLRN
ENC

$CCFY -2 *PUNCE®

$SIGNOFF



