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ABSTRACT

MAGSAT, a satellite designed specifically to survey crustal mag-
netic fields, was in orbit from October 30, 1979 to June 11, 1980.
During its more than 3400 orbits, it crossed the boundary separating
the Churchill and Superior provinces of the Canadian Shield at an
altitude of approximately LOO ki]ometres.several hundred times. The
Churchill and Superior provinces are sufficiently different in
structure and geophysical characteristics to produce a measurable
signature in the satellite magnetic data. The signature was ex-
tracted from the data using data processing techniques not generally
applied to satellite measurements. This observed signature was mod-
elled using an equivalient point source technique employing spherical
prisms. The modelled sighature resulting from a simple step-like
thickening of a lower crustal magnetic layer agrees quite well with
the observed signature.

A large positive magnetic anomaly over the Ungava peninsula was
investigated and modelled. The source of the Ungava anomaly appears
to be unrelated to the Churchill~-Superior boundary, but may be re-
lated to tectonic effects of the formation of the Richmond Guif au-

locagen structure.
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Chapter |

INTRODUCT ION

Satellite measurements of the geomagnetic field began with the
launch of Sputnik 3 in May 1958. To date, only the Polar Orbiting
Geophysical Observatory and MAGSAT satellites have provided an accu-
rate global survey of the Earth's field. Until 1975, when the first
crustal magnetic anomaly maps were constructed from POGO data, it
was not thought possiblie to detect the extremely small variations in
satellite-observed fields due to the crust. MAGSAT was designed
specifically to survey the crust-related fields and to enhance the
data quality of these fields. The overall reliability in isolating
the crustal fields has been confirmed by several studies involving
compar isons of upward continued aeromagnetic data to satellite de-
rived anomaly maps.

Modelling and interpretation of satellite anomaly maps is in its
infancy. Frey (1982a, 1982b) has shown that there is a definite
tendency for satellite-observed anomalies to be associated with
large features such as shields, platforms, subduction zones, basins,
rifts, and age province boundaries. One such feature, the Church-
il11-Superior province boundary zone, has been the object of a great

deal of study over the past 15 years. Much work has been done in



the effort to obtain an accurate description of the location, ex-
tent, and crustal structure of the boundary, using aeromagnetic,
gravity, and seismic data. The disinctive change in crustal struc-
ture at the boundary proposed by several authors is sufficient to
produce an observable signature in satellite data. Such a signature
is not readily observable in MAGSAT or POGO anomaly maps.

This study was undertaken in an effort to identify the field var-
jations in MAGSAT data due to the crustal structure of the Church-
i11-Superior boundary zone. Techniques in data processing common to
other fields, but not generally emplioyed in satellite magnetometry,
were utilized in isolating the Churchill-Superior boundary signa-
ture. Individual satellite profiles were analyzed much the same as
seismic traces, and the boundary signature was separated from ef-
fects due to current systems and to unrelated crustal fields. The
crustal model developed to explain the signature is in good agree-
ment with several of the seismic and magnetic models of the boundary

zone.



Chapter Il

SATELLITE MAGNETOMETRY

Satellite magnetometry is a very recent aspect of geomagnetism,
the oldest branch of geophysics. The magnetic data collected by
satellites has been utilized in the production of spherical harmonic
field models, studying the structure of the crust, and various mod-
elling studies including the fluid dynamics of the outer core and
current systems in near-Earth space. The interpretation of the var-
jous measurements possible using sateliites is not yet well devel-
oped, but satellites have proven to be a valuable source of informa-

tion in geomagnetic studies.

2.1 THE GEOMAGNETIC FIELD

As a first approximation, the geomagnetic field may be considered
as resulting from a dipole located near the Earth's centre with its
poles near Thule, Greenland and Vostok, Antarctica. The field is a
vector quantity and has generally been described with two angular
measures (inclination below horizontal, and declination from geo-
graphic north) and field strength or magnitude. In satellite magne-
tometry, it is often more convenient to describe the vector in terms

of its components, wusually north, east, and vertical (positive
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down) . The magnitude of the field is usually referred to as the
scalar field.

The geomagnetic field is not static, but undergoes various chang-
es in time. The variations experienced by the fieid can be dis-
tinctly grouped according to the time span of the variation. Rever-
sals in polarity, secular variations, diurnal variations, as well as
irregular changes of much smaller time scales, are directly linked
to the contributing sources of the field. In terms of satellite
magnetometry, the geomagnetic field may be considered to have three
principal sources of differing relative magnitudes. At least 96% of
the magnitude measured by satellites is due to the main field gener-
ated in the core of the Earth. Up to 4% is contributed by various
current systems in near-Earth space, and less than 0.04% is due to

magnetization of the crust.

2.1.1 Spherical Harmonic Field Models

in order to better understand the geomagnetic field, it is gener-
ally described with a mathematical model. It is convenient to de-
scribe the field as resulting from a series of multipoles with the
dipole portion dominant. The spherical harmonic series used in this
description is not necessarily physically meaningful, but is a con-
venient representation. This function depends on the colatitude a2,
longitude A, radial distance from the Earth's centre p, and time t.
The geomagnetic field is then derived from a series representation

of the magnetic scalar potential;



a a n+vl
=— ——} E {(g:) cos m A + (h:) sin m \} R?(¢)
P° nei Io "o
where A = magnetic scalar potential

a = mean radius of the Earth
Mo = permeability of free space
m = order of the spherical harmonic
n = degree of the spherical harmonic

P™(#) = Schmidt quasi-normalized spherical
functions.
The spherical harmonic field model, then, is a set of Gauss coeffi-

cents ¢, h™ as well as, in some models, the time derivatives of the
n

n
Gauss coefficients. The coefficients are determined by measuring
the field on a gliobal scale to get an accurate representapion of the
behavior of A( p, f, N). A least-squares fit procedure is then used
to determine the coefficients required to accurately model the ob-
served fields. The field measurements must be carried out over as
short a time span as possible in order to avoid inaccuracies arising
in the secutar changes. in this respect, satellites are ideally
suited since global coverage is obtained in a very few days. The
time derivatives of the coefficients are determined by examining the
field models required at different times, generally a few years
apart.

The dipole portion of the field is given by gf, gf, and h:. For
the MGS481#2 model (Appendix C);

gf = -29987 nT along the geocentric rotation axis



! - 1957 nT through Greenwich meridian and equator

(e
il

>
]

, + 5605 nT normal to g’ and gf .
The remaining terms describe the so-called non-dipoie portion of the
field. in theory, the summations are carried to infinity to per-
fectly predict the field at any location for a specific time, known
as the epoch for the model. In practice, however, the series is
terminated at a degree and order chosen to accurately model ;he main
field only. Langel and Estes (1982) examined the power spectra of
field models given by;

R, = (n+1) > L™+ (N

me0

They found a distinct change of siope in the power spectrum at n=1k.
This was interpreted as signifying that degrees up to 13 describe
core- generated fields, while degrees 15 and up describe crustal
fields. Since the crustal fields are generally studied as anomaly
fields or residuals, most models are terminated at degree and order

13 to avoid modelling the crust.

2.1.2 The Main Field

The main field is the largest contributor to satellite observed
magnetic fields. The magnitude of the main field at satellite alti-
tudes is typically from 30,000 to 60,000 nanotesla. The most nota-
ble feature of the main field is its secular variations. These var-

iations are slow, amounting to changes of up to 1% per year. The
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periodic reversals in polarity occur on a much longer time span, and
are preserved in the magnetic "striping" of oceanic crust adjacent
to speading ridges. Nagata (1965) identified five features of the
secular variation:

1. A decrease in the moment of the dipole portion of the field
by 0.05% per year.
2. A westward precessional rotation of the dipole axis of 0.05
degrees of longitude per year.
3. A rotation of the dipole axis toward the geographic axis of
0.02 degrees of latitude per year.
L, A westward drift of the non-dipole field of 0.2 degrees of
longitude per year.
5. Growth and decay of features of the non-dipole field with av-
erage changes of about 10 nanotesla per year.
The rates of change observed preclude the possibility that they are
related to plate tectonics or mantle convection. This, combined
with spherical harmonic analysis, has determined the source of the
main field to be the outer core of the Earth (Stacey; pp218).
Seismic evidence indicates the outer core of the Earth behaves
like a liquid. Geochemical and density considerations are consis-
tent with an outer core composed mainly of iron, a good magnetic and
electric conductor. Most theories of the origin of the ﬁain field
draw upon these two observations to explain the magnetic field gen-

eration in terms of a magnetohydrodynamic or kinematic dynamo.
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These theories are based on Larmor's suggestion that suitable inter-
nal motion in a large conducting fluid could cause it to act as a
self- exciting dynamo, and were investigated originally by Elsasser
(1946a and 1946b), and by Bullard and Gellman (1954).

The theoretical studies of magnetohydrodynamic dynamos and kine-
matic dynamos are based on the highly non-linear equations of hydro-
magnetics, thermodynamics, and electrodynamics. Most of the recent
progress has been in the study of kinematic dynamos. Kinematic dy-
namo theories differ from magnetohydrodynamic dynamc theories in
their approach to the problem. In the case of kinematic theories,
fluid motions within the core are postulated, and non-decaying solu-
tions are then sought for the resuiting electrodynamic equations.
Magnetohydrodynamic dynamo theories, on the other hand, seek to de-
rive the necessary fluid motions to explain the observed fields.
Regardless of the approach, the main field is proposed to be due to
electric currents in the outer core.

The mathematics involved in magnetchydrodynamic and kinematic dy-
namo theories is fairly elaborate, but the physical principles are
fairly straightforward. Assuming the outer core to be a conducting
fluid, magnetic field lines will be "frozen" in the conducting fluid
if the fluid motion exceeds the rate at which the field is able to
diffuse out of the conductor. These field lines will then be drag-
ged around with the fluid as it circulates. |f the fluid circula-

tion is such that the moving field lines generate electric currents
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that reinforce the field lines, the system becomes self-exciting.
The particular circulation pattern that produces this phenomenon is
the subject of much debate, but it is generally believed to incorpo-
rate some form of convection cell. The convection cells are proba-
bly produced by the action of gravity on density inhomogeneities,
and the source of power required to maintain the convection is bet-
lieved to be gravitational potential energy which is released by the
redistribution of mass as the inner core grows in size (Franck;
1982) . The fact that the rotational and magnetic poles nearly coin-
cide has prompted Hide (1982) to suggest that fluid motions associ-
ated with dynamos are strongly influenced by Coriolis forces due to

a general rotation.

2.1.3 Magnetospheric and lonospheric Current Systems

In addition to the secular variations in the main field, the geo-
magnetic field undergoes systematic diurnal variations and irregular
variations on a time scale of seconds to days. These additional
variations are manifest as changes in the vector fieid by as much as
2000 nanotesla at satellite altitudes. The magnetic field is termed
magnetically quiet if the variations are regular, and magnetically
disturbed if the variations are irregular. A magnetic substorm is
said to occur if the irregular changes are of high amplitude and
confined to high latitudes. Magnetic storms occur when the high am-

plitude irregular variations are observed world-wide.
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Diurnal and irregular variations are due to several complicated
electric current systems in space surrounding the Earth. The simi-
larity of the main field to that of a dipole 1is severely distorted
in space by the solar wind, a stream of ionized particles flowing
out from the sun in all directions. The solar wind, comprised main-
ly of protons and electrons, confines the geomagnetic field to a
cavity called the magnetosphere within a bag-like boundary known as
the magnetopause. Figure 2.1 illustrates the pre-1960's and present
day views of the geomagnetic field. The magnetosphere is compressed
on the magnetic noon (sunward) side, and is combed out into a comet-
like tail on the midnight side. The solar wind is a neutral, highly
conductive ionized gas called a plasma. By Lenz's law, interplane-
tary and solar magnetic field lines are '"frozen" into the plasma and
carried along with it. Similarly, magnetic fields external to the
plasma are frozen out. The magnetosphere is therefore warped upon
contact'! with the solar plasma since the geomagnetic field lines
are forbidden entry. The solar plasma compresses the Earth's field
ahead of it until the Earth's magnetic field density is equal to the
plasma energy density. This occurs at approximately ten Earth radii
and, at that point, the plasma breaks up and most of it slips around
the Earth, giving rise to the magnetophere's tail.
Some of the charged particles comprising the plasma are trapped
in the geomagnetic field by processes not yet fully understood. The

motions of these charged particles under the influence of the geo-
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Figure 2.1: Effect of the solar wind on the dipole field. The
upper diagram illustrates the classical view of the geomagnetic
field in the absence of a solar wind, while the lower diagram
illustrates the comet-] ike appearance of the field due to the solar
wind.
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magnetic field and their own kinetic energy constitute currents
within the magnetosphere and on the magnetopause. As illustrated in
Figure 2.2, the current systems and the magnetosphere are rather
complicated. As well as within the magnetosphere and on the magne-
topause, currents flow across the tail in the neutral sheet separat-
ing incoming from outgoing field lines. Some of the trapped parti-
cles drift in a westerly direction, giving rise to the westard

fiowing equatorial electrojet, or ring current.

MAGNETOPAUSE

CLEFT

50"““

WO

/
/ CLEFT

Figure 2.2: Artist's conception of the magnetosphere. Some of the
magnetospheric current systems are illustrated with broad arrows.
The ring current is illustrated with the heavy black arrow. (from

Langel; 1980)




13

Most of the magnetospheric currents are fairly distant from Earth
and cause little variation in fields at MAGSAT altitudes. The ring
current, however, can produce substantial fields at MAGSAT alti-

tudes, particularly during disturbed times.

\\"\\ = o /

Figure 2.3: Auroral zone in the northern hemisphere. Locus of
maximum auroral activity around the North geomagnetic pole is
illustrated as the black line. lonospheric currents are active 240
nights per year in the auroral zone. Note co-ordinates are
geomagnetic. (from Garland; 1979)

The ring current and auroral currents (where trapped particles

are injected into the Earth's ionosphere) are the most important for
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the present discussion. Figure 2.3 illustrates the locus of maximum
auroral activity related to the ionospheric current systems. Hughes
and Rostoker (1977) analyzed ground-based magnetometer array data
and determined that the average current configuration for northern
latitudes involved three main current systems:

1. A downward field-aligned current in the noon and pre-noon
which diverges to ionospheric Hall currents in the following
proportions;

- 35% eastward electrojet toward dusk

- 60% westward electrojet toward dawn

- 5% equatorward which closes through the mid-latitude
ionosphere and re-enters the auroral zone through
poleward flows in the pre-dusk

2. A westward electrojet across the midnight meridian which
gradually bleeds up the field lines in the pre-midnight pole-
ward of the east electrojet.

3. An eastward electojet which gradually bleeds up the field
lines and dies out approximately at midnight.

The electrojets have associated with them Birkeland current
sheets illustrated in Figure 2.L. These are cone-shaped sheets of
field aligned currents which are particularly troublesome in the
separation of current and crustal magnetic anomalies. Since the
Birkeland currents are nearly vertical, they have their greatest in-

fluence on the horizontal components of the geomagnetic field, par-
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Figure 2.4: Artist's conception of Birkeland current sheets. The
injection of charged particles into the ionosphere gives rise to the
aurora illustrated at the base of the conical current sheets. Note

the reversal in current direction near noon and midnight. (after

Potemra; 1980)

ticularly the east component. Figure 2.5 illustrates the effect of
Birkeland currents on the vector components of the satellite ob-
served fieid.

Kiumpar and Greer (1982) have modelled currents in northern lati-
tudes and have compared the resulting magnetic profiles with those
observed in MAGSAT data. Figures 2.6 and 2.7 summarize their model
and its performance. Note the differing scales on the plots, and

the reversal in polarity as the anomaly profiles cross from dusk to
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Figure 2.5: Field variations due to field-aligned currents in the
southern high latitudes. The scales, in nanotesla, are relative.
(from Langel; 1980)

dawn sectors. Hughes and Rostoker (1979) used ground-based observa-
tions to model the current systems of the northern latitudes. Their
model incorporated a more complex current system involving the mag-
netophere and ionosphere and three-dimensional current loops. Fig-
ure 2.8 illustrates the current systems used to generate the mod-
elled profiles, which are compared with observed profiles in Figure
2.9.

The equatorial ring current in the magnetosphere influences

fields in northern Tlatitudes, but is not an important contributor
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Figure 2.8: Three dimensional current model. Schematic diagram of
current systems employed in modelling the fields of Figure 2.9. A)
Auroral oval contour used in the electrojet model. B) Model three
dimensional current loops. C) Schematic of electrojet components of
the complete current system; net downward field-aligned currents
indicated.by ® , upward by ©. The width of the current arrows is
an indication of the ionospheric current strength. Note geomagnetic
co-ordinates are used. (from Hughes and Rostoker, 1979)
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Figure 2.9: Latitude profiles of current fields. Comparison of
fields generated by the current systems of Figure 2.8 with those
observed by ground stations. Calculated profiles are on the right.
Only dawn and dusk profiles are iliustrated. Note the polarity
reversal in dawn and dusk profiles. (from Hughes and Rostoker;

1979)

during magnetically quiet times. The ionospheric currents, on the
other hand, are most important to high latitude studies, and are
present in some degree at almost all times. Zanetti and Potemra
(1982) studied the Birkeland current signatures in MAGSAT and TRIAD

satellite data and concluded that the Birkeland current system is a
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permanent feature of the magnetospheric and ionospheric current sys-
tems. As well, they noted that the Birkeland system is well corre-
lated with the global magnetic activity Kp index. The fact that the
jonospheric current systems produce anomalies with wavelengths com-
parable to those of lithospheric origin makes them particularly dif-

ficult to identify and separate.

2.1.4 Crustal Magnetization

Having magnitudes of from O to 30 nanotesla, the fields due to
variations in geophysical properties of the crust are by far the
smallest effect observed by satellites. Since the fields are di-
rectly related to the crust, time variations are on a geological
time scale, varying with continental drift and tectonic events.

Most rocks contain a small percentage of iron oxides and iron
sulfides which have ferrimagnetic properties. These minerals have
small positive magnetic susceptibilities that increase with tempera-
ture until their Curie temperature is reached, at which point the
ferrimagnetic mineral loses its ability to retain magnetism and be-
comes paramagnetic. The Curie temperature for magnetite, the most
important of the magnetic minerals, is approximately 575 degrees
Celsius. The magnetic minerals occur as small grains dispersed
throughout the paramagnetic or diamagnetic host matrix of silicate
minerals. Most minerals are paramagnetic, having very small posi-

tive susceptibilities. The few diamagnetic minerals, having very
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small temperature-insensitive negative susceptibilities, have a very
weak effect.

0f the magnetic minerals, the cubic iron oxides are strongly mag-
netic. These include the Magnetite (Fe,0,) - Titanomagnetite
(Fe,Ti0,) solid solution minerals, as well as Maghemite (v- Fe,0;).

The rhombohedral iron sulfides are a much weaker family of magnetic

minerals, but are still important sources of crustal anomalies.
These include the Hematite (a- Fe203) - Iimenite (FeTi0,) solid so-
jution minerals as well as Pyrrhotite (FeSx, 1<x<2.14) . In addi-

tion to the remanent magnetization of the above minerals, induced
magnetization plays an important role in crustal anomalies. |n par-
amagnetic and diamagnetic substances, the susceptibility is indepen-
dent of the magnetizing force, and the induced magnetization is lin-
early proportional to the magnetizing force. Thus, an otherwise
uniform magnetic field is increased by the presence of a paramagnet-
ic substance, and decreased by the presence of a diamagnetic sub-
stance. |n the case of ferromagnetic, antiferromagnetic, and ferri-
magnetic substances, the susceptibility depends on the magnetizing
force, but in the study of the geomagnetic field, the susceptibility
is assumed to be constant over the small range of geomagnetic magne-
tizing forces. Ferrimagnetic minerals, then, are treated as param-
agnetic with much larger susceptibilities.

Since the magnetic minerals lose their ferrimagnetism at tempera-

tures in excess of their Curie temperature, it is important to de-
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termine the ''depth to Curie point'. For the Canadian Shield,
Hall(1977b) derived a simplified theoretical temperature-depth rela-
tion valid in the upper 150 km of crust;

T=103 + 10.6 =z

where T is in degrees Celsius and z is in kilometres. Coles (1973)
determined Curie temperatures for several rock samples collected
from the Superior Province of the Canadian Shield. He found that
the Curie temperature was approximately 575 degrees Celsius, consis-
tent with magnetite céntributing the magnetic component. This was
also supported by polished surface mineralogy. Solving the above
equation for T=575 yields a Curie depth of approximately L5 kilome-
tres in the Canadian Shield. This depth, of course, varies accord-
ing to the regional heat flow, and is much shallower over most of
the world.

The particular location within the crust of the magnetization ob-
served by satellites has come under considerable attention recently.
From a study of the long wavelength component of aeromagnetic data,
Hall (1974) concluded the magnetization of the lower crust was con-
siderably higher than magnetizations observed in surface rocks.
Several studies before and since have supported this contention, in-
cluding Pakiser and Zietz (1965), Zeitz et al (1966), Shuey et al
(1973), and Krutikhovskaya and Pashkevich (1977). The composition
of the lower crust, then, is of high importance in satellite magne-

tometry, since the fields observed at satellite altitudes are influ-
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enced by the entire crust, not simply the upper portion. Wasilewski
and Fountain (1982) studied the lvrea zone of northern ltaly, pre-
sumed to be a representative cross-section of the deep continental
crust. They observed a ''deep crustal' layer of mafic-ultramafic
granulite facies rocks with high magnetization, and concluded that
this layer would form an appropriate source for long wavelength ano-
malies. From a study of crustal xenoliths, Waselewski and Mayhew
(1982) found that metabasic xenoliths in granulite facies were gen-
erally highly magnetic, but ﬁantle xenoliths were essentially non-
magnetic. Thus the Mohorovicic discontinuity may be a magnetic low-
er boundary in regions of low heat flow where the Curie depth is
below Moho.

In addition to the evidence indicating higher magnetization at
depth due to petrologic variations, the effect of temperature must
be considered. The Hopkinson effect results in the susceptibility
increasing substantially with temperatures approaching the Curie
point. Dunlop (1974) indicates a factor of two enhancement in sus-
ceptibility of deeply buried crustal rocks. Thus, the effective
magnetization of the lower crust will generally be greater than 5
amperes per metre, much higher than magnetizations measured near the
surface. In surface surveys, the close proximity of the upper crus-
tal layer effectively 'drowns out'" the long wavelength contribution
of the lower crust, and the data must be filtered in order to ob-

serve the lower crustal contribution. At satellite altitudes of 300
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to 800 kilometres, the deeper crustal component dominates, due to

its greater magnetization.

2.2  THE MAGSAT MISSION

Many satellites have measured the Earth's magnetic field, but
most of them have been at altitudes or in orbital planes unsuited to
the global study of the very bsmall component contributed by the
crust. Satellites giving global coverage in a short time period are
required for adequate field modelling. Previous to MAGSAT, only the
polar Orbiting Geophysical Observatory (POGO) series 2, k4, and 6
provided such data. The POGO's spanned 1965 to 1971, and measured
the scalar field over an altitude range of LOO to 1500 kilometres.
Their orbital plane was very nearly polar, providing giobal cover-
age. The Soviet KOSMOS-49 was in orbit for eleven days, and covered
the region between 50 degrees south latitude and 50 degrees north
latitude. KOSMOS-49 also measured the scalar field, but at an aver-
age altitude of only 375 kilometres.

Regan et al (1975) illustrated that the crustal component could
be extracted from the satellite data obtained by the POGO series.
On the basis of their results, MAGSAT was designed for crustal stud-
ies. The primary objectives of the MAGSAT mission were to obtain
global data for improved field modelling, and to map variations in
strength and vector characteristics of crustal magnetization. ini-

tial plans were to launch MAGSAT during the quiet part of the 11
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year solar cycle but, due to various delays, it was launched on Oc-
tober 30, 1979 and remained in orbit until June 11, 1980. Unfortu-
nately for crustal studies, this was very near the peak of the 11
year cycle, one of the most active of many recent cycles. However,
this allowed much data on the magnetospheric and ionospheric current
systems to be obtained.

MAGSAT was launched into a dawn-dusk orbital plane having an in-
clination of 97.76 degrees from the Earth's equator, with a 561 ki-
lometre apogee and a 352 kilometre perigee. inclining the MAGSAT
orbit 7 degrees from the Earth's rotational axis caused the orbital
plane to precess approximately 1 degree per day due to the Earth's
equatorial bulge. This precession was just the correct amount to
turn the orbital plane toward the Sun as the Earth orbited the Sun
(see Figure 2.10).  MAGSAT, then, remained in the dawn-dusk sector
thoughout its lifetime. This was advantageous since the ionospheric
and magnetospheric current systems are quietest in the dawn-dusk
sectors, and MAGSAT would be sunlit almost constantly, enabling it
to derive its power from solar cells. As well, the nearly polar or-
bit enabled MAGSAT to obtain global coverage in a very short time
span (see Figure 2.11). MAGSAT made approximately 15 orbits per day
while the Earth rotated beneath it, giving rise to the spiral-like
ground track.

MAGSAT carried both vector and scalar magnhetometers. These were

located at the end of an extendable boom in order to avoid ambient
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Magsat orbit Ecliptic

Oct 30 (launch date)

Figure 2.10: Precession of the MAGSAT orbital plane with time.
MAGSAT orbital plane is inclined 7° toward the Sun from the Earth's
north rotational axis. (after Potemra, Mobley, and Eckard; 1980)

fields due to the satellite (see Figure 2.12). A Cesium vapor opti-
cal-pump scalar magnetometer was used to measure the magni tude of
the geomagnetic field at the satellite location. In addition, three
orthogonal Fluxgate magnetometers measured the components of the
vector field. The Cesium vapor magnetometer was accurate to approx-
imately 1.5 nanotesla when working properly, but developed internal
oscillations in its lamp circuitry which slightly degraded its accu-
racy. It was therefore used primarily to calibrate the fluxgates,
whose accuracy was within 3 nanotesia in each axis (Langel, Berbert,
and Jennings; 1981).

The data gathered by MAGSAT is being analyzed by scientists of

the Goddard Space Flight Centre, the United States Geological Sur-
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Figure 2.11: MAGSAT ground track for the first 24 hours. The gaps
are filled in on successive orbits. (from Langel, Regan, and

Murphy; 1977)

vey, and by investigators selected in response to a NASA Announce-

ment of Opportunity. Langel (1980) details the investigators' pro-

jects. The data available to the author was known
(INV-B) data. The basic data set was contained
Chronicle tapes. These include all measured data
formation on separate files. The sampling rate

tapes was 8 samples per second in the case of the

as |lnvestigator-B
on the so-called
and ephemeris in-
for the Chronicle

Cesium vapor mag-

netometer, and 16 samples per second for the fluxgates. Since many
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Figure 2.12: Artist's conception of MAGSAT in orbit. The
maghetometers are located at the end of the 6 m boom to avoid
ambient fields. (from Langel, Regan, and Murphy; 1977)

of the investigators did not require such a high sampling rate, the
INV-B data included only every LOth scalar point, and every 80th
vector point. As well as the scalar and vector magnetometer data,
the INV-B tapes included the ephemeris data merged with the magnetic
data, and a few calculated values to simplify the data processing
steps. ‘Those values included on the INV~-B tapes applying to this

study are summarized in Table 2.1.
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The data was organized according to pass number. A pass was de-
fined as having its starting point where the satellite changed from
south-going to north-going. Some of the values are defined only for
the ascending and descending nodes of the orbit. The ascending and
descending nodes are defined as the points where the satellite
crosses the ecliptic in a north-bound or south-bound direction, re-

spectively.

TABLE 2.1

Partial Listing of Data Available on INV-B Tapes

Variable Description

IPASS

pass number

ALONG (2) - geodetic longitude at ascending and
descending nodes

1KP (2) - global magnetic activity Kp index at
ascending and descending nodes

TZERO - epoch for spherical harmonic field model

GH(14,14) ~ 13 degree/order spherical harmonic field
model coefficients

GHT (8,8) - 7 degree/order time derivatives of GH

LAT - geodetic latitude of satellite

LONG - geodetic longitude of satellite

RAD - geocentric radius of satellite orbit

MLT - magnetic local time (dawn or dusk)

INVLAT = invarient latitude (magnetic co-ordintes)

BS - scalar field from cesium magnetometer

BV - magnitude of vector field from fluxgates

X - North component of BV

Y - East component of BV

VA - Vertical component of BV

BVA - arithmetic mean of the 80 Chronicle points
corresponding to this point

XA,YA,ZA - arithmetic means of the 80 Chronicle points

BMD - predicted scalar field from the GH and GHT
spherical harmonic field coefficients

XM, YM, ZM - modelled vector components from GH and GHT
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2.3 SATELLITE CRUSTAL MAGNETIC ANOMALY MAPS

The residual field left when estimates of the core and current
fields are removed is called the crustal magnetic anomaly. An ano-
maly map is a contour map of the average anomaly field at the alti-
tude of the satellite. It is important to realize that most satel-
lite magnetic anomaly maps represent small changes in the field on a
complicated surface defined by the satellite orbital altitude and
the direction of the magnetic field at the location of the satel-
lite. Since the main field is not vertical, effects seen on scalar
anomaly maps must be projected down to the Earth's surface along its
field direction. For maximum usefulness, anomaly maps are ''reduced
to a common elevation'" and 'reduced to a common inclination". The
former removes effects of changes in the satelliite altitude, and
produces a map of the anomaly field at a specific altitude. The
latter removes the effect of the changing field direction of the
Earth, and produces a map of the anomaly field for a specific incli-
nation. Generally, the inclination used is 90 degrees. The map
is then called "reduced to the pole', and represents the anomaly
that would be observed if the geomagnetic field were vertical every-
where.

Satellite anomaly maps are very recent and describe only very
broad scale anomalies as compared witH aeromagnetic anomaly maps.
It was originally considered impossible to detect the extremely

small variations of crustal origin in satellite data. While analyz-
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ing POGO data, Regan, Cain, and Davis (1975) discovered that crustal
fields could be identified in the low altitude portions of the data-
set. The map of Regan et al was partially contaminated by magnetos-
pheric and ionospheric current systems (Regan, Handschumacher, and
Sugiura; 1981), but the reality of the crustal origin has clearly
been demonstrated (Langel, Coles, and Mayhew; 1980).

The POGO series of satellites, from which the map in Figure 2.13
was derived, had two severe limitations. First, the satellites were
in a high orbit; most of the data is from altitudes in excess of 500
kilometres. Second, the data is of field magnitude only; the direc-
tion of the field was not recorded. MAGSAT was designed to allevi-
ate both of these shortcomings. The lower altitude of the MAGSAT
spacecraft increased the resolution by a factor of approximately
two, and the field stength by a factor of between two and five. The
vector magnetometers on board MAGSAT enabled the measurement of
fields in directions other than the direction of the local geomag-
netic field. Although initial results indicate that large scale
crustal remanent magnetizations cannot be modelled using an equiva-
lent point source technique (Galliher and Mayhew; 1982), the vector
components are extremely useful in identifying current systems.

Figure 2.14 illustrates the preliminary MAGSAT north-polar scalar
anomaly map prepared by Langel and distributed to investigators.
Figure 2.15 illustrates the north-polar map prepared by Coles,

Haines, Jansen van Beek, Nandi, and Walker (1982). A1l three poss-
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Figure 2.14: North polar scalar anomaly map from MAGSAT data
supplied to investigators. Average altitude is 344 km. Contour
interval is 2 nT. (Langel, Phillips, and Horner pre-print; 1982)

tor component maps for northern latitudes, Coles et al (1982) were
very careful to avoid contamination from jonospheric and magnetos-

~ pheric current systems. Their initial, selection was on the basis of
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Figure 2.15: North polar scalar anomaly map from MAGSAT data.
Average altitude is 430 km. Contour interval is 2 nT. (from
Coles, Haines, Jansen van Beek, Nandi, and Waiker; 1982)

the Kp index. Passes from 40 degrees north latitude, over the pole

to 40 degrees north latitude again, were accepted only if they oc- L
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curred during a nine hour interval during which Kp was equal to 1 or
less. The map supplied to investigators (Figure 2.14) included data
with Kp less than or equal to 33. The second screen of the Coles
data made use of Canadian magnetic observatory data. If the range
of magnetic activity recorded at the Fort Churchill observatory was
considered too extreme at the time corresponding to a given satel-
lite pass, the pass was rejected. Finally, the remaining passes
were individually examined for consistency with neighbouring passes.
Passes not showing patterns similar to neigﬁbouring passes were re-
jected. As a result of their stringent data selection requirements,
only 180 passes out of over 3000 possibie were accepted.

The data processing stage was similar for each of the three maps.
This included removing a spherical harmenic field model, a quadratic
function representing magnetospheric currents, and linear trends
representing inaccuracies in the first two removals. In their maps,
Coles et al (1982) used a least-squares quadratic and no linear. The
data was then gridded. Further processing consisted of eliminat-
ing data which was considered to be too far from the mean for a giv-
en grid cell. Finally, the data was contoured. The interpretation
of such anomaly maps is not well developed. The anomaly map repre-
sents inaccuracies in the models used for the main and current
fields, as well as petrologic changes in the Earth's crust, varia-
tions in the depth to Curie temperature, and variations in the mag-

netic susceptibility.



Chapter 111

THE CHURCHILL-SUPERIOR BOUNDARY ZONE

3.1 GENERAL DESCRIPTION OF THE PROVINCES

The subdivision of the Canadian Shield into seven provinces and
several sub-provinces is based primarily on overall differences in
the internal structural trends and styles of folding observed.
wWhere exposed, the position of the boundaries separating the various
provinces is defined on the basis of truncation of structural fea-
tures. Age determinations of rocks in the neighbourhood of the
boundaries also plays a role in defining their locations. Where the
boundaries are beneath the younger sedimentary cover, geophysical
techniques have been used to trace their extent and position. Fig-
ure 3.1 is a simplified map of the provinces and sub-provinces of
the Canadian Shield.

The Superior province is the largest of the tectonic subdivisions
of the Canadian Shield. The oldest rocks found in the Superior
province are generally volcanic and sedimentary rocks of Archean
age. These formed in a series of easterly trending eugeoclines, and
were last folded, faulted, and metamorphosed during the Kenoran oro-
geny, approximately 2.48 billion years ago. The Superior province

is believed to be a remnant of an early Precambrian craton.

- 36 -
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Figure 3.1: Structural Provinces of the Canadian Shield. (after
Stockwell in: Douglas; 1970)

The Churchill province has some Archean rocks, most of which are

mafic to intermediate volcanic flows and pyroclastics. Potassium=-

argon age determinations for most of the rocks in the Churchill

province yield Hudsonian ages of approximately 1.735 billion years.

Prior to the deposition of the Aphebian sediments, all of the

Churchill province is thought to have been underlain by deformed Ar-
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chean supracrustal and granitic rocks. A comprehensive discussion
of the geological aspects of the two provinces may be found in Price

and Douglas (1972) and Douglas (1970).

3.2 GEOPHYSI1CAL CHARACTERISTICS

Because of the economic importance and scientific interest, a
considerable amount of research has been done on the boundary zone
separating the Churchill and Superior provinces. The primary objec-
tives of the geophysical studies undertaken recently have been to
define the position, extent, and crustal structure of the zone. The
characteristics of the boundary zone were originally established
principally by regional geophysics, particularly aeromagnetic sur-
veys. Recently, seismic and gravity studies have revealed much on

the deep structure of the boundary 2zone.

3.2.1 Magnetic Studies

Green, Cumming, and Cedarwell (1979) compiled a magnetic anomaly
map of southwestern Manitoba and southeastern Saskatchewan, primari-
ly from aeromagnetic data obtained from oil companies. They identi-
fied three distinct magnetic regions:

1. An eastern region of high amplitude, E-W trending anomalies.

2. A central region of low the high amplitude, N-S striking ano-

malies.

3. A western region of relatively low amplitude anmomalies.
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These were postulated to correspond with the magnetic anomaly pat-
terns observed in profiles across the exposed boundary zone in
northern Manitoba. Figure 3.2 illustrates the anomaly patterns ob-

served, and the two profiles are illustrated in Figure 3.3.
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Figure 3.2: The Churchill-Superior boundary in southwestern
Mantitoba. The two profiles P-P and Q-Q are
illustrated in Figure 3.3. (from Green, Cumming, and
Cedarwell; 1979)

Hall (197L4) filtered existing aeromagnetic data to obtain the
long- wavelength anomaly map illustrated in Figure 3.4. Although no

immediately obvious correlation with the boundary zone is apparent,
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the profile A-B plotted in Figure 3.5 illustrates the subtle change
in amplitudes that occurs upon crossing the boundary zone. Rela-
tively higher amplitude anomalies are more numerous on the Churchill
side of the boundary, while lower amplitude anomalies are more prev-

alent on the Superior side.
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Figure 3.5: Long-wavelength aeromagnetic profile of the boundary.
Anomaly profile A-B in Figure 3.4. Approximate location of
Churchill-Superior boundary is shown with arrow. Trend of the
anomaly profile is sketched in as dotted line.

3.2.2 Gravity Studies

Gibb and Thomas (1976) examined five gravity profiles, obtained
from the published gravity maps of Canada. Two of the profiles
were across the Churchili-Superior province boundafy. All five pro-
files were found to be of a very similar nature and were interpreted
as indicating a thicker, denser crust on the non-Superior side of
the boundary. Thomas and Gibb (1977) examined two addtional pro-
files across the Cape Smith foldbelt (see Figure 3.1), and arrived
at a similar model for the crustal structure. Mukhopadhyay and Gibb
(1980) studied five gravity profiles across the Cape Smith foldbelt
and the Belcher foldbelt of eastern Hudson Bay. Figure 3.7 compares
the observed and calculated Bouguer gravity anomalies for one of the
profiles, (illustrated in Figure 3.6), judged by Mukhopadhyay and

Gibb to be representative of the crustal structure in the area.
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3.2.3 Seismic Studies

Seismic studies of the boundary zone structure have revealed the
most detail. in July, 1977, the Consortium for Crustal Reconnais-
sance Using Seismic Techniques (CO-CRUST) group conducted a seismic
study in southwestern Manitoba and southeastern Saskatchewan (Green
et al; 1980). The location of their surveys is given in Figure 3.8,
with their model of crustal structure in Figure 3.9. In conducting
the survey, they used two reversed refraction - wide angle reflec-
tion profiles, as well as a much shorter 400% CDP near- vertical re-
flection survey. Figure 3.10 illustrates the CO-CRUST model merged
with the results of Chandra and Cumming (1972). This profile clear-
ly illustrates a step-like change in the thickness of the crust at a
depth of approximately L5 kilometres, in agreement with the general
structure proposed by Mukhopadhyay and Gibb (Figure 3.7) .

Hall and Hajnal (1973) undertook a similar type of survey in
northern Manitoba over the exposed part of the boundary zone. Their
interpretations are summarized in Figure 3.12. Again, a thickening
of the crust is evident on the Churchill side of the boundary. In
particular, the lower crustal layer bounded by the Riel and Mohecro-
vicic discontinuities thickens on the Churchill side.

Recently, Delandro, Moon, and Green (1982) completed a detailed
interpretation of the CO-CRUST data using ray-tracing techniques.
Their interpretation has a gradual deepening of the Moho toward the

Churchill side, with step-like changes in the depth of discontinu-
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ities in the upper crust. Their final crustal model is illustrated

in Figure 3.13 (compare with Figure 3.9).
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Figure 3.8: CO-CRUST survey lines. Locations of the CO-CRUST

seismic surveys relative to the Churchili-Superior boundary zone.

The boundary zone is that area bounded by the solid and dash-dot
line. (from Green et al; 1980)
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Profile A-B is illustrated in Figure 3.12.
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Chapter 1V

MODELLING CRUSTAL MAGNETIC ANOMALIES

Ku (1977) details a procedure for representing two or three di-
mensional solids of arbitrary shape as an array of equivalent-point
dipoles. The method employed here is analagous to his development
for rectangular prisms, with the exception that spherical prisms are
used to define a magnetic body within the Earth's crust. The choice
of spherical prisms rather than rectangular prisms is necessary
since, in modelling the fields observed by a satellite, the Earth's
curvature must be taken into consideration. Prisms are used instead

of arbitrary shapes for computational simplicity.

Lo THE MAGNETIC DIPOLE POTENTIAL

Figure 4.1 depicts the geometry involved in calculating anomaly

fields due to a magnetic body. The magnetic scalar potential at P

-

due to a single dipole at Q with magnetic dipole moment M is given

by;

- A
MR
A= -

Lrt R
where ﬁ is the unit vector directed from P to Q. |If Q is thought of
as a point within a magnetic body of volume V, then the potential

due to V is given by;

..h9..



50

S A
1 J*R
A= - — - dv
Lt R
Vv

—
where J is the (uniform) magnetization of the body.
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Figure L.1: Geometry of Anomaly Calculations

If J JY’ and J, are the three components of magnetization, then;

1 b RX) + J, RY) + J, (RZ)

A=~ — 3 dv oeo (1)
Lrr R
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The three components of magnetic induction due to the body are taken
to be the magnetic anomaly of the body. These are given as the neg-
ative directional derivatives of the magnetic potential A, multi-

plied by the permeability of free space;

- e

oA Ho o { J <R
AX =-p, — =— — {—% av e (2)
ox,, L Ox, R
\
dA Ho 3 {Tﬁ\}
AY =-p — = — {—1 v
oy, Ly 3y, R’
\
oA Ho / 3 {Tﬁ
AL =-pH — =" _ —— dv
dz, by oz, R
A

Differentiating the integrand of equation (1) with respect to X ;

LY

a{'J'R} d {Jx (x,7x,) *+ Jy (v, =% ) + & (2, - zﬁ)}

i i LLlx, =x,)" + y, -y, + (z,- 2, ) 1%

ox

Z

R3

R? (-J) - {LRX + JRY + L RZ} {%(R‘)"z 2(x,-x,) (-1)}

Ré

4 BROZ- R+ U RO RN+ 3, 3RX) (RD)}

R5

Substituting the above expression into equation (2) yields;

hn K= dv.

Mo /J (3RX” - R*} + J, B3R RV} + 4, {3(RX) RD)}
Ly

RS‘
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Similarlys

;Jo/Jx (3RX) RV} + 4 3RV - R*} + J, {3RY) (RD)}

A Y= = dVv
Ly R®
\
g f& B3R RDY + L BRY RDY + 4, {3(RD* - R}
AI=— p - dv.
Lrr R

v
. (3)

Thus, the magnetic anomaly equations may be represented as a gener-

alized equation;

AF=ff dv : ceo (W)

where f represents the integrand, dependent on the positions of P

-

and Q, and on the magnetization vector J.

L.2 GAUSS-LEGENDRE QUADRATURE

The function f of equation (&) may be numerically integrated in
several ways. One such numerical integration technique is that of
Gaussian quadrature. The simplest form of a quadrature problem is

to construct an equality

b
n
ﬁ(x) dx = Dpowiflx) + T
{z)
a
where the truncation error T is as small as possibie. This is ac-

complished by choosing the nodes x; and weights w; in such a way to

make the approximation close enough that T may be neglected. In
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Gauss-lLegendre quadrature, the x; are not equi-spaced, but are cho-
sen so as to make the equation exact for a given polynomial of as
high a degree as possible. This is achieved by normalizing the in-
tegration to the interval [-1,+1], and choosing the nodes
X, s Xy ... X, @s the zeros of the Legendre polynomial of degree n.
The weights w,, w,... W, are then obtained by solving a set of n
equations, and the appfoximation will be exact provided f is a poly-
nomial of degree 2n-1 or less.

For example, let n=2, and use a dummy coefficient t;

+l

2
v/”f(t) dt =~ w f(t;)
Y

-1
~ ow f(t,) + wf(t,)

Suppose now that f(t) = t", wherem=0, 1, 2, 3. This leads to

four exact equations (one for each function f);

0=wt)+wt/

y3 =W t.?, +ow, tzz

0=wit +wit,
T+ weld

Solving these equations gives w, =w, =1, and -t = t, = 3 . If

the limits of integration are not [-1,+1], the transformation

(b~a) (b+a) (b-a)
t + dx =
2 2 2

A 4

dt
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yields;

el

b

(b-a)
ff (x) dx f(t) dt
2

a

-1

4.3 PHYSICAL SIGNIFICANCE OF THE GAUSSIAN QUADRATURE

In reducing an integration to a discrete summation, the magneti-
zation of the body is treated as residing at discrete points rather
than as a uniform distribution throughout the volume. The magneti-
zation, then, is treated as a collection of point source dipoles lo-
cated at the points within the prism dictated by the quadrature
nodes. Thus, just as a spherical distribution of mass can be treat-
ed as a point mass at the spheré's centre, so can an arbitrarily
shaped magnetic body be treated as a specified arrangement of dipole
sources which are weighted in the manner dictated by Gaussian quad-
rature. Figure 4.2 illustrates a two dimensional «circular sector
containing a 2%2 array of dipoles, and their locations.

Note that in the limit as r approaches infinity and g approaches
zero, the circular sector and its dipoles become the rectangular ar-
ray developed by Ku. In using three dimensional prisms, the dipoles

are located at geocentric co-ordinates (o; ,qi,xk) where
Ap

TR



Q- prism centre

Figure 4.2: Dipole Locations in a Circular Sector

AN
}\k— >\Q + == Vk
where isj.k = 1,2
17
and V,, =TT the Gaussian nodes.
3

In rectangular prisms, and for 2%2%2 arrays of dipoles, the weight~

ing parameters are both equal to 1, i.e. each dipole represents an
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equal portion of the total volume element. However, in using spher-
ical prisms, the volume element is not made up of eight equal por-
tions. Rather, the outer and low latitude dipoles of a spherical
prism represent a proportionally larger volume of the prism. This
is accounted for in the summation by using the volume element
ap of ah Pﬁ sin % instead of ap af Al p: sin ¢Q. Again, in the
Jimit as the spherical prism becomes rectangular, the arc-length po-

sitions of the dipoles are as Ku depicts.

L.4 EQU!VALENT DIPOLE SOURCES AND SPHERICAL PRISMS

The generalized anomaly equation (4) is a volume integration over
a magnetic body of volume V. If this body is taken to be a volume

element of a sphere, then equation (L) becomes;

L]

pF(P,Q = [[[f(.Q {psin g dp af dh}

[ffar.0 dp ap ar

where p , @ , and A are as shown in Figure 4.3 and

]

g(P,Q) = f(P,Q) @ sing .

Applying Gauss-Legendre quadrature to the above equation;

AOS § b
srew - 223 g 205 oed |
2 N

=t
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<y

Figure 4.3: Geometry for Spherical Prisms

where Ql=(9i,ﬁj,xk), the co-ordinates of subdivision for the gquadra-

ture. For n = 2;

| 40 1P B I )
AF (P’Q) = _g——— ZEZ f(P‘ ’¢J ))\ka) e; sin ¢J'
k=l j:( i=t
viA e
and P = PG + ;
via 8
g,= by + -

N
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where (Fa’¢§’xa) are the co-ordinates of the centre of the prism of

¥

dimension A ps A g, AN, and v, = - 5 y V= 5&, the Gauss-lLegendre

quadrature coefficients. Thus, equations (3) become;

2

2 : 2 2
éj,k

2
VA (A
A Y=C, E ' C, {4, 3 RXkRYgk Jy [3 (RYL-J-k) —Rl.J.k] +J3 RY;ijZijk}
bk
Z
2 YN
A z=c,§ :Cz {J, 3 RX;ijng + g3 RYL.J.k RZ; + 4, [3 (quk) —R‘.J.,‘J}
gj,k

where

KA Pp A% AN

Lrt 8
2 _, =S
C,= g, sin ¢j ng .o (6)
-
where qu is the separation vector from the observation point to

the dipole corresponding to i,j,k in the prism, having x, v,

and z

components Rqu, Rqu, and Rqu respectively. These components, and

their resultant, will thus depend upon which of the eight dipoles is

being considered, where the dipoles have co-ordinates (p£,¢~,kk)

given by equations (5).
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L.5  THE COMPUTER ALGORITHM

The method employed in the computer program involves defining a
three-dimensional arrangement of spherical prisms at or below the
Earth's surface in geodetic or ''map'" co-ordinates. The anomaly due
to the specified arrangement is calculated at each point on a two-
dimensional observation grid at a specified altitude. Both the
prism grid and the observation grid are approximately spherical, be-
ing defined in geodetic co-ordinates.

A1l calculations are carried out in the Earth-fixed cartesian
co-ordinate system having origin at the centre of the Earth, 2z-axis
coincident with the north rotational axis, and x-axis through the
Greenwich meridian. The Earth's magnetic field vector is calculated
at each prism centre using the MGSL81#2 spherical harmonic model ob-
tained from the MAGSAT Investigator B tapes. The magnetization of

the prism is assumed to be entirely induced, and is then calculated

as;
R k) B
k+1 Ho
where k is the susceptibility of the prism

-3

B is the Earth's field at the prism centre

and - Mo is the permeability of free space .
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The vector anomaly components for a single dipole of the prism are
calculated at each observation grid location, and the component ano-
malies summed over the eight dipoles. The procedure is then repeat-
ed for each prism in the arrangement.

The scalar anomaly is obtained in one of two ways. Strictly, the
scalar anomaly will be the dot product of the vector anomaly at a
given observation point with a unit vector in the direction of the
Earth's main field at that point. This involves calculating the
Farth's field at each point of the observation grid, which may be
costly in terms of computing time. Alternatively, the Earth's field
may be calculated at the centre of the observation grid, and then
assumed to have the same north, east, and vertical components over
the entire grid. The validity of this assumption will, of course,
depend on the size and location of the observation grid.

Program SPEPS (Spherical Prism Equivalent Point Source) (Appendix
A) is a refinement of an earlier program SPHPRISM (Hall and Miller;
1980) . The method employed is similar to that of von Frese, Hinze,
Braile, and Luca (1981) with the exception that their procedure ac-
comodates a changing susceptibility within the body. As in Ku's ap-
proach (1977), von Frese et al (1981) wutilize arbitrary shapes made
up of 1*m*n arrays of dipoles. As well, their technique uses geo-
centric co-ordinates thoughout, rather than geodetic, geocentric,

and Earth-fixed.
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L.6 CHARACTERISTICS OF THE MODELLING TECHNIQUE

It can be seen from equations (3) that the anomaly calculation
involves the product of magnetization and volume. The anomaly
fields, then, contain an ambiguity invoiving these two quantities; a
small volume with large magnetization '"looks' the same as a larger
voluhe with a smaller magnetization. This, of course, is within
certain limits. The areal extent of a magnetic body may be limited
according to the shape and extent of the target anomaly, but the
depth and magnetization are mutually indeterminant for satellite ob-
served fields. |In most applications, the ambiguity is dealt with by
setting one or other of the depth and magnetization at a fixed val-
ue, and calculating the variation required in the unfixed quantity
to model the fields observed. Mayhew and Galliher (1982) , for ex-
ample, calculated the magnetization distribution required to model
the observed MAGSAT anomaly field, based on a uniform 4O kilometre
thick magnetic crust. One may just as easily fix the magnetization
at, say, 5 amperes per metre, and calculate the depth variations re-

guired to model the field.



Chapter V

THE MAGSAT SIGNATURE OF THE CHURCHILL-SUPERIOR BOUNDARY

Since the Churchill and Superior provinces are structurally very
different, it was proposed that the boundary should give rise to a
magnetic expression or ‘''signature' which cught to be observabie in
MAGSAT data. Comparing Figures 2.3 and 3.1, it is apparent that,
with the exception of the Circum-Ungava foldbelt, the Churchill-Su-
perior boundary is very nearly coincident with the locus of max i mum
auroral activity. The large anomaly centred over the east coast of
Hudson Bay (Figures 2.13 to 2.15) preciuded examination of data in
that region for the purposes of boundary studies. Thus, only data
west of -80 degrees longitude could be considered. The problem of
eliminating current effects, then, was the primary consideration in

attempting to identify a crustal boundary signature.

5.1 DATA SELECTION

The INV-B dataset contained over 3400 passes of data. Initial
data selection was on the basis of latitude and longitude of the
satellite. Data points outside of the area bounded by 40 to 80 de-
grees north latitude and by -140 to -50 degrees east longitude were

deleted in the formation of a new dataset. Secondly, data was elim-

_62_
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inated on the basis of the Kp index of global magnetic activity.
Although intended primarily for low latitudes, the Kp index was the
only measure available with which to judge magnetic activity. Pass-
es having ascending or descending node Kp indices of greater than 10
were rejected. Passes for further consideration were then selected
from this set according to their proximity to the Churchill-Superior
boundary. Two groups were created:

1. Dusk passes - having descending longitude of between 70 and
102 degrees.
2. Dawn passes -~ having descending longitude of between -120
and -95 degrees.
The two sets contained 6L aqd L1 passes respectively. The two
groups were further subdivided on the basis of whether or not they
crossed the boundary between =-98 and -80 degrees east longitude.
Thus, four datasets were created:
1. Dusk Hits
2. Dusk Misses
3. Dawn Hits
L. Dawn Misses
The purpose in creating the four separate datasets was to isolate
effects of the ionospheric currents. |f observed signatures were
due to currents, the Hits should be similar to the Misses, and the
Dawn passes similar, but of oposite polarity, to the Dusk passes.

Conversly, if effects were due to the bcundary, the Dawn Hits would



bk

‘ \

1

{
N
Y e
=
=N
e
.
DR

» I

==
T
5
/
S

=
L
(5

- ]

REEantE a7 /4 RocEnts/aa INERN
N~ NS 1508 ¥~ NSy Y
T é?zb 2 Nmiln 7§k§?§> (
1R DI EERS
] / 3 \\ ] 4[’ \\
WG M LS T
VLT | Ak RN Y
L LI AT
DN | % AR | [
TN 2 B NaRAEEEIRS
RN TN J NS
\ ) KN | D
\ Z

RE=AN

=T

|
\‘

: \| |

=
&

Figure 5.1: Dawn Hits, Dawn Misses, Dusk Hits, and Dusk Misses.
Latitude-longitude plots of the passes accepted for further
processing. The four datasets are named as Dusk or Dawn and as Hits
or Misses in accordance with magnetic local time of the pass, and
whether or not the pass crosses the Churchill-Superior boundary
(illustrated as the heavy line in the centre of the plots). Dawn
passes are at top, Hits are on the left. Plots are on a 5 degree
Cartesian grid.

resemble the Dusk Hits, and the Misses of both types would not nec-

essarily resemble each other or the Hits.
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Plots of the North, East, Vertical, and Scalar anomalies of each

of the passes in the above four datasets were then examined. In
view of the effects of Birkeland currents (Chapter 2), particular
attention was given to the East component anomaly. Passes having
horizontal components judged too severe in their fiuctuation were
rejected. The vertical anomalies of the remaining passes were in-
tercompared for similarity in both amplitude and character of varia-
tion. Any passes not displaying characteristics similar to the oth-
ers in the dataset were rejécted. Of the 45 passes remaining of the
over 3400, 19 were Dusk Hits, 8 were Dawn Hits, 10 were Dawn Misses,
and 8 were Dusk Misses. Figure 5.1 illustrates the latitude-iongi-
tude plots of the passes accepted for further processing. As can be
seen from Figure 5.1, the selected passes are evenly spaced across
the boundary. As well, they are well distributed temporally, the
four datasets spanning 143, 122, 131, and 122 days respectively.
Short term current systems, then, are not well represented. Only
long term current systems and crustal sources have a significant
contribution toc the datasets. As noted by Coles et al (1982), the
dusk passes were considerably quieter than the dawn passes. Initial
data selection was for Kp=0, but this allowed only two dawn passes

to be considered.
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5.2 DATA PROCESSING

Since the ever-present Birkeland currents affect the horizontal
components to the greatest degree, all further processing utilized
the vertical component onty. The vertical anomaly fields examined
were the result of subtracting the modelled vertical component (ZM
in Table 2.1) from the 80 Chronicle point average vertical measure-
ments (ZA in Table 2.1). The 80 point average fields were chosen to
avoid difficulties arising in anomalous points and very short-term
variations due to currents extremely local to the satellite. To
simplify further processing, geodetic latitude was chosen as the ab-
cissa, and was given a uniform latitude increment of 0.25 degrees.
All INV-B measurements were then interpolated using a modified cubic
spline to conform with this latitude increment. (The original in-
crement was approximately 0.3 degrees, but varied with latitude.)

Several processing options were then applied in various combina-
tions. A least-squares polynomial function was fit to the individu-
al passes, and then subtracted from them. A Butterworth bandpass
filter of various pass bands was applied to the data. “Static cor-
rections" were applied to align the Hits according to the specific
latitude at which they crossed the boundary and, finally, the arith-
metic mean (stack) of the datasets was computed. The most success-
ful of the various combinations is outlined Eelow:

1. A least squares linear function was removed from the raw ano-

malies. The linear function served to remove random effects
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of long-wavelength anomalies due to magnetospheric current
systems, and to correct for variations in the altitude of the
satellite. Many authors remove a least-squares quadratic to
improve internal consistency in the data. A quadratic func-
tion was found to remove too much signal on data of such a
short extent (40 degrees latitude).

2. The traces were bandpass filtered. The Butterworth filtering
process involved filtering forward through the trace, then
filtering in reverse. This forced the endpoint of the trace
(at 80 deg. lat.) to be equal to zero, inducing high ampli-
tude, short wavelength artificial anomalies at the end of the
traces. Removing the linear trend prior to filtering allevi-
ated this problem considerably. The passband used allowed
wavelengths" of from 5 degrees latitude to 90 degrees lati-
tude to be retained, and thus acted as a "high-cut' filter.

3. The Hits were static corrected such that the Churchili-Su-
perior boundary was located at 56 degrees latitude on the re-
sulting plots.

L, The linearly adjusted, filtered, static shifted traces were
then stacked to produce an average trace for each of the four
datasets.

The various stages of processing are summarized in Figures 5.2 to

5.5.
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72

5.3 SIGNATURE INTERPRETATION

As mentioned earlier, ionospheric currents formed the most sig-
nificant obstacle in detecting a boundary signature. As an addi-
tional test designed to reveal current sources, the four datasets
were plotted against magnetic latitude instead of geodetic latitude,
As discussed in Chapter 2, the ionospheric current systems are a
virtually permanent feature of high latitudes, and are distributed
according to magnetic local time and magnetic latitude. Stacking
the profiles according to magnetic latitude would tend to reinforce
any current signatures present. As can be seen from Figure 5.6,
this procedure had the effect of ''compressing'" the anomaly profiles,
but did not significantly alter their relative differences. This,
then, suggests the differences and similarities observed are proba-
bly related to crustal structure, and are not influenced greatly by
ionospheric currents.

The Dawn Hits and Dusk Hits were then merged into one dataset and
processed togéther to produce the Churchill-Superior boundary (csB)
signature illustrated in Figure 5.7. Due to the large differences
in their spatial positions (Figure 5.1), it is expected that the CSB
Hits will have a great deal of variation except where they cross the
boundary, adjusted to be 56 degrees latitude. Stacking the Dawn
with the Dusk traces would also tend to cancel effects from current
systems, due to the reversal in polarity detailed in Chapter 2. The

CSB Hits signature bears little resemblence to either of the Misses
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datasets. Note particularly the latitude of the crossover and the
peak at approximately 57 degrees. This signature, then, is taken to
be the result of a change in crustal structure encountered at, or

near, the Churchill-Superior boundary.
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Figure 5.7: Churchill-Superior boundary MAGSAT signature. Both
Dawn and Dusk Hits of Figure 5.3 filtered and stacked. Large
variations except near 56 degrees (CSB latitude) are expected.

Modelling the CSB signature employed the program SPEPS (Appendix
A) . As outlined in Chapter L, this program utilized the Spherical
Prism Equivalent Point Source technique. In view of the various
models of the boundary structure from both gravity and seismic re-

sults (Chapter 3), a step-like discontinuity was used to approximate
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the crustal structure. The simplified model involved defining the
susceptibility in the region confined by a Riel-like boundary above
and a Moho-like boundary below. The susceptibility value was such
that the magnetization of the layer was approximately 5 amperes per
metre. The thickness of this magnetic layer was then altered, as
was the size and location of the step. In order to eliminate edge
effects, the two provinces were represented as "infinite" hemispher-
ical plates having a boundary at 55 degrees latitude. The step-like
changes were arranged to increase the thickness of the magnetic lay-
er on the Churchill side of the boundary; a step up in the Riel, or
a step down in the Moho. The average thickness of the Tlayer (no
step) was varied between 20 and 2 kilometres, and the depth to Riel
was varied between 20 and O kilometres. Figure 5.8 illustrates such
a model, incorporating a four kilometre step down in the Moho and an
average magnetic layer thickness of 12 kilometres.

Since the MAGSAT signatures had a least-squares linear fit re-
moved, the anomaly profiles were relative to an artificial zero.
This effect was mimicked in the modelling procedure by calculating
the field due to a uniform magnetic layer without the step, and sub-
tracting this field from the field calculated for the layer incorpo-
rating the step. The uniform layers used corresponded to the aver-
age thickness of the step layers. The uniform layer anomaly fields
were essentially a linear bias. It was found that the depth of the

magnetic layer could not be discriminated once this bias was re-
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km

Figure 5.8: Simple crustal model of the Churchill-Superior
boundary. The Churchill province is on the right. The
susceptibility of 0.117 gives rise to a magnetization
of 5.00 amperes per metre for an induction field of
60,000 nanotesla.

moved; a magnetic step-layer at the surface produced virtually the
same amplitude anomaly as a step-layer 30 kilometres deep. As well,
a step up in the Riel gave the same result as a step down in the
Moho. The amplitude of the modelled signature, however, was sensi-
tive to the size of the step; a four kilometre step produced an ano-
maly approximately twice the amplitude of a two kilometre step. The
bias level of the uniform layer signature gives an indication of the
thickness of the magnetic layer. A twenty kilometre uniform layer
having a magnetization of approximately 5 amperes per metre produced
a bias field of approximately 17 nanoteslia. The lack of sensitivity
to depth of magnetization is to be expected since the observation

altitude is LOO kilometres.
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Figure 5.9: Modelled boundary signature. Four kilometre step
signature compared with stacked CSB Hits of Figure 5.7. The
boundary occurs at the points marked M and 0 for the modelled and
observed boundaries respectively. The horizontal scale is marked at
1 degree intervals.

Figure 5.9 illustrates the observed CSB signature and the mode}
signature resulting from a & kilometre step-like thickening of the
maghetic layer on the Churchill side of the boundary. A best fit is
obtained by mis-aligning the location of the boundary for the two
signatures. This implies that if the boundary is to be modelled as
a step-like change in magnetic layer thickness, the step should oc-
cur approximately 200 kilometres south of the surface-observed
boundary. Since the gravity and seismic results thatf include a

step-like change have this change occurring north of the surface-ob-
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served boundary, it is apparent that the magnetic step may not re-
flect the physical structure of the boundary. However, the ampli-
tude and character of the signature are well correlated to the four
kilometre step signature, implying that the model is valid, although
not necessarily accurate in spatial location.

In order to address the problem of the thickness of the magnetic
layer, a closer examination of the linear trends removed is in or-
der. Figure 5.10 illustrates both the stacked raw anomaly plots of
Figure 5.2 and the average of the linear trends‘removed from the
profiles of Figure 5.2 to produce Figure 5.4, These average linear
trends were obtained by superimposing Figures 5.10 and 5.4, and
tracing the location of the abscissa axes from Figure 5.4 to Figure
5.10. Figure 5.11 illustrates the arithmetic mean of the four lin-
ear trends of Figure 5.10. This is very nearly a DC bias of approx-
imately 11 nanotesla. If the magnetization is fixed at 5 amperes
per metre, a uniform magnetic thickness of 12 kilometres is required
to produce a field of 11 nanotesla. Thus, the model of Figure 5.8
best reflects the character and amplitude of the observed anomaly,
as well as the mean DC bias observed due to the average magnetic

thickness of the layer.
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ARW VERTICAL ANOMALY PLOTS

STACKED DUSK MISSES RAW VERTICAL RANOMALY PLOTS

Linear trends of the raw anomaly profiles. The dotted
line reflects the mean of the
the raw data of Figure 5.2.

individual linear trends removed from
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Chapter VI

THE UNGAVA ANOMALY

As mentioned in Chapter 5, the Churchill-Superior boundary could
not be examined east of -80 degrees longitude due to the large ano-
maly centred over the east coast of Hudson Bay. This anomaly over
the Unéava Peninsula effectively dominated all anomaly profiles in
the area, preventing the study of the boundary signature. The ano-
maly itself, however, was studied in an attempt to identify its

source.

6.1 POGO AND MAGSAT ANOMALY MAPS

in order to determine whether the Ungava anomaly was crustal re-
lated or had its origin elsewhere, maps from the POGO satellites
were compared with those from MAGSAT. Figures 6.1 to 6.3 illustrate
the anomaly pattern for the Canadian Shield, redrawn from Figures
2.13 to 2.15. Since the location of the anomaly is relatively fixed
on the three maps, it is unlikely that the anomaly is the result of
inaccuracies in the field models or some long term current system.
The anomaly appears to be of a wavelength too small to be core-gen-
erated (Bullard; 1967)and, thus, must have its origin in the crust.

Detailed aeromagnetic anomaly maps of the Ungava Peninsula do not
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6.2 GRAVITY ANOMALIES IN THE AREA

Figure 6.4 illustrates the gravity anomaly pattern of the Ungava
Peninsula. A north-northeast trending series of relative highs ex-
tend from midway between the Belcher Islands and Richmond Gulf to
the Cape Smith foldbelt near the tip of the Ungava Peninsula. The
high midway between the Belcher Islands and Richmond Gulf has been
modelled by Mukhopadhyay and Gibb (1980) as being near-surface in
origin, extending to only 6 or 8 kilometres in depth. Since the
magnetic source must be in the lower crust, that particular gravity
source must be distinct from the magnetic source. In their paper,
Mukhopadhyay and Gibb modelled the Churchill-Superior boundary and
the crustal structure of the Circum-Ungava foldbelt, and did not
fully investigate the relatively minor gravity anomalies on the Su-
perior side of the boundary zone.

Chandlier and Schwartz (1980) suggested the Richmond Gulf is an
aulocagen structure. Their analysis was further supported by de-
tailed geological mapping and a geochronological study of the region
(Chandler; 1982). If their proposed model is accurate, the tower
crust would be expected to have undergone a considerable amount of
activity at that time, possibly giving rise to an above-average
maghetization in the lower crust. Wasilewski and Fountain (1982),
from a study of the lvrea Zone of northern ltaly, suggested that
mafic and ultramafic magmas formed the parent material for an ex-

tremely magnetic layer at the base of the zone, proposed to be a
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BELOW -80 -40 0 ABOVE
mGal

Figure 6.4: Gravity anomalies of the Ungava Peninsula. Bouguer on
land, freeair offshore. Contour interval is 20 mGal. (after the GMS
80-1 Gravity Map of Canada; 1980)

cross-section of continental crust, They suggest that emplacement
of this two kilometre thick layer may have occurred within a conti-
nental extensional environment, or at deep levels within a continen-

tal margin orogenic zone. It is conceivable, then, that there ex-
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ists a relatively thin layer of highly magnetic material deep in the
crust which would not necessarily be revealed in either low-level

magnhetic or in gravity data.

6.3 MODELLING THE UNGAVA ANOMALY

The modelling procedure was undertaken in an effort to determine
if the Ungava anomaly was related to the nearby Churchill-Superior
boundary. The modelling made use of the program SPEPS (Appendix A),
which employs ah equivalent point source technique incorporating
spherical prisms. The maps of Coles et al (1982) were used as tar-
gets in the modelling procedure. initial attempts at modelling re-
stricted the 1location of the prisms to the Circum-Ungava foldbelt
and the Richmond Guif area. it was found that no combination of
prisms so arranged gave rise to the observed anomaly.

Figure 6.6 illustrates one model used to describe the anomaly
field of Figure 6.5. The thickness of the prisms is 36 kilometres,
and their susceptibilities are +0.17 and -0.02, giving rise to
magnetizations of approximately +5.2 and -1.0 amperes per metre. As
mentioned in Chapter 5, the modelling procedure is relatively insen-
sitive to changes in depth, and the models have an inherent ambigui-
ty in thickness/magnetization. The same results, then, can be ob-
tained from several models.

The gravity models of Mukhopadhyay and Gibb (1980) have the deep

crustal position of the boundary occurring up to 40O kilometres west
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Figure 6.5: Scalar Anomaly Map of the Ungava Peninsula. Contour
interval is 2 nT. (from Coles et al; 1982)

of the east coast of Hudson Bay. The magnetic anomaly sources are
clearly nowhere near the boundary structure if their model is accu-
rate. The anomaly sources, then, appear to be unrelated to the
crustal structure of the boundary zone, but may be related to the

tectonic regime that created the boundary.
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Figure 6.6: Prismatic model and calculated Ungava anomaly field.

Spherical prisms are 36 km in thickness having magnetizations of

approx. +5.2 and -1.0 . The negative magnetization (dot pattern)

serves to model the influence of the neighbouring lows. Contour
interval is 2 nT.



Chapter VI

CONCLUSIONS

Results of the Churchill-Superior boundary study indicate that a
change in geophysical characteristics at or near the boundary zone
gives rise to a magnetic signature in MAGSAT satellite magnetic
data. This change was successfully modelled as a step-like increase
in the thickness of a lower crustal magnetic layer. The size of the
step was determined to be approximately 4 kilometres, which is in
good agreement with gravity models of the boundary by Gibb and Thom-
as (1976), and by Mukhopadhyay and Gibb (1980). The average thick-
ness of the magnetic layer was determined to be approximately 12 ki-
lometres, in good agreement with seismic results of Hall and Hajnal
(1973).  The location of the step was indicated to be approximately
150 kilometres south of the surface-observed boundary. This result
does not agree with the various seismic and gravity models, wherein
the step-like change generally occurs approximately 50 kilometres
north of the observed boundary. The inconsistency implies that the
step-model, although explaining the character and amplitude of the
observed signature, fails to adequately model its position and prob-
ably does not reflect the physical properties of the boundary struc-

ture. A gradually sloping change in thickness would serve to broa-

_90_
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den the signature, possibly modeiling the position better. The
depth of the layer and whether the step occurred in the Riel or Moho
could not accurately be determined from the modelling procedure.
Magnetic studies indicate that satellite observed fields have their
source in the lower crust, however, and this is assumed to be the
case here.

The results of the Ungava Anomaly study indicate a deep crustal
source for the anomaly which is probably unrelated to the boundary
structure. The anomaly source may be related to tectonic effects
experienced by the lower crust in the formation of the Richmond Gulf

aulocagen structure.
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Appendix A

PROGRAM SPEPS

Following is program SPEPS (Spherical Prism Equivalent Point
Source), a refinement of an earlier version (Hall and Millar; 1980).
The program computes the North, East, Vertical, and Scalar anomaly
fields for a given prismatic body in a spherical Earth. Useful ref-
erences include Ku (1977), and von Frese, Hinze, Braile, and Luca

(1981) .
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// EXEC FORTHCLG,SIZE=512K,LSIZE=512K
//FORT.SYSPRINT DD DUMMY
//FORT.SYSIN DD *

Cx*

CH* HUBHBHERHABHEHEHREIHEIRHERBRRAH BN BHUHBHB R HEIHA A
Cxx g4 PROGRAM SPEPS #HE
C*x H# (SPHERICAL PRISM EQUIVALENT POINT SOURCE) #H

Cx* 44 THIS PROGRAM COMPUTES THREE-COMPONENT MAGNETIC ANOMALIES ##
Cxx 44 DUE TO AN ARRANGEMENT OF SPHERICAL PRISMS, EACH CONTAINING ##
Cx* 44 A 2X2X2 ARRAY OF EQUIVALENT DIPOLE SOURCES ARRANGED ##
Cx* g4 ACCORDING TO GAUSSIAN QUADRATURE. #H
CH* HUBHHBBEREEEHHBBE R HRERARRE BRI BRUB BRI RBI BRI H AN
CH**

COMMON /OBGRID/ FORGE,FORGN,FDELTE,FDELTN,FELEV

COMMON /FIELDS/ FLDNOR,FLDEST,FLDVRT,FLDSCA

COMMON /PRISMS/ LOCBLK

COMMON /GRID/ IROWMT,ILVLMT

C**

DIMENSION FLDNOR(35,35),FLDEST(35,35),FLDVRT(35,35)

DIMENSION FLDSCA(35,35)

DIMENSION TITLE(20)

DIMENSION BLKDIM(3),BLKMAG(3),SUSCEP(9),IPDIM(9)

DIMENSION LOCBLK({50,50,10), IROWMT(50,10),ILVLMT(10)
C**
C*x* ##################################################################
CH* #§ INPUT CARDS ##
Cx* #4 CARDS 1 TO 3 DEFINE A FIELD OBSERVATION GRID. MAGNETIC H#
Cx* 44 FIELDS ARE CALCULATED AT GRID POINTS ON THE 2-D GRID ABOVE ##
Cx* ## THE EARTH’S SURFACE. CARDS 4 TO 6 DEFINE A 3-D PRISM H#
Cx* ## GRID WITHIN THE EARTH. PRISMS ARE LOCATED WITH THEIR #H
Cx* ## TOP SOUTH-WEST CORNER ON THE GRID POINTS. ##
Cx* ## FIELDS ARE CALCULATED ONLY FOR PRISMS WITHIN A PRESCRIBED ##
C** ## WINDOW . THE FOLLOWING SET OF CARDS DEFINE THE ARRAY ##
Cx* ## LOCBLK. THIS ARRAY REPRESENTS THE PRISM GRID. A DIGIT H#H
C** #4 BETWEEN 1 AND 8 AT LOCATION LOCBLK(1,J,K) REPRESENTS A HH
C** ##4 PRISM OF TYPE 1 TO 9 LOCATED WITH ITS TOP SOUTH-WEST VERTEX##
C** ## AT THE POSITION "I" GRID POINTS EAST, "J" GRID POINTS HH

Cx* ## NORTH, AND "K" GRID POINTS DOWN FROM THE PRISM GRID ORIGIN.#¥
Cx*x ## THE NEXT TWO CARDS DEFINE THE PRISM "TYPE" REFERRED TO BY ##

CH** g THE DIGIT IN THE LOCBLK ARRAY. THE LAST TWO CARDS GIVE #H
C** H## 1/0 DESTINATIONS FOR THE THREE COMPONENTS AND THE TOTAL #Hy
C** ## FIELD, AND A TITLE FOR THE DATA. #H
CHH  fffm m e e e e e e HH
DUMMY=1 .
Ok ffm HH
C** ## FIELD OBSERVATION GRID . H
C** #4 HH
C** ## CARD 1 FORGE - EAST LONGITUDE OF ORIGIN FOR FIELD HH
Cxx ## CALCULATION GRID i
C** ## FORGN - GEODETIC NORTH LATITUDE OF FIELD GRID #H
Cx* #4 DRIGIN Y
CH* g4 FDELTE ~ E - W FIELD GRID SPACING IN DEGREES 4
CH* #4 FDELTN - N - S FIELD GRID SPACING IN DEGREES s
C** ##4 FELEV - KILOMETRE ALTITUDE OF FIELD GRID HH
Cx* #4# FORMAT(5F10.0) o
Cx* ## ##
C** ## CARD 2 NFEAST - NUMBER OF GRID POINTS IN E-W DIRECTION ##
C** ## NFNORT - NUMBER OF GRID POINTS IN N-S DIRECTION ##
Cxx #4 FORMAT (214) HH
Cx*x gy #H
C** ## CARD 3 HORIZN - ANY PRISMS LOCATED BEYOND HORIZN ARE HH
C** ## . IGNORED IN THE CALCULATION OF FIELDS i

Cx* #4 UNITS ARE KILOMETRES H#



C**x
C*x

C*xx*
C**
C* %
C*x*
C**
C**
C* %
C**
Cr*
C %%
Co*x*
C*x*
C**
C %
C**
C**
C* *
C % %
Coxx*
C**
C * %
C**

C*x*
C**
CHx*x
C*x*
C**
C**
Cxx*x
C**x
C*x*x
C*x*x
C**
C**
Cx*
Cx*
Cx*
C*x*
C*x*x
C **
C*x*x
Cxx*

C*x*x
C*x*x
Cxx*x
C*xx
C*xx
C*x*
Cx*
C**
C % *
C**
C*x*x
C**
CHx
C*x*x
Cx*x
C*x
C*xx

Lid

FORMAT(F10.0)
DUMMY=2 .
PRISM GRID
CARD 4 GORGE - EAST LONGITUDE OF THE PRISM GRID ORIGIN
GORGN - NORTH LATITUDE OF THE PRISM GRID ORIGIN
GORGV - KILOMETRE ALTITUDE OF THE ORIGIN (+ UP)
GDELTE - E - W GRID SPACING
GDELTN - N - S GRID SPACING
GDELTV - VERTICAL GRID SPACING
FORMAT(6F10.0)
CARD 5 NMEAST - NUMBER OF GRID POINTS IN E-W DIRECTION
NMNORT - NUMBER OF GRID POINTS IN N-S DIRECTION
NMDOWN - NUMBER OF GRID POINTS IN VERTICAL DIR.
FORMAT(314)
CARD 6 IWINDW - WEST-MOST GRID POINT TO BE CONSIDERED
IWINDE - EAST-MOST " " v "
IWINDS - SOUTH-MOST " " L "
IWINDN - NORTH-MDST " noow "
FORMAT(414)
DUMMY =3 .
LOCBLK ARRAY
CARD 7 K - LEVEL NUMBER IN 3-D ARRAY
FORMAT(I3)
CARD 8 J - NUMBER OF THE EAST-WEST RUNNING ROW
(ROWS ARE NUMBERED FROM THE SOUTH END)
ITYPE- TYPE CODE IS PLACED IN CARD COLUMN I+4
TO PLACE A PRISM OF THAT TYPE IN
LOCATION I,J,K OF THE PRISM GRID
FORMAT(I3,1X,7611)
CARDS 8,10,11 ETC. AS CARD 8
CONTINUE WITH CARD 8 FORMAT UNTIL THE LEVEL IS DESCRIBED,
THEN ENTER "J" AS "998". PROCEED WITH LEVELS 2,3,4, ETC.
FOLLOWING THE SAME FORMAT UNTIL THE 3-D PRISM GRID IS
DESCRIBED, THEN. ENTER "K" AS "999" TO TERMINATE INPUT.
DUMMY =4 .
OUTPUT DESTINATION
CARD LAST-1
IOFLAG - 989 ==> QUIT
I0OXMAG - DESTINATION CODE FOR NORTH COMPONENT
IOYMAG _ " " " EAST "
I0ZMAG - " " " VERTICAL "
I0SMAG " " " SCALAR ANOMALY
FORMAT 514
ABOVE CODES ARE AS FOLLOWS;
1 --> WRITE DATA AND TITLE TO UNIT 8
2 - > n 13 " n Li] L1 9
11 —=> " " " " " UNITS 6 AND 8
1 2 -——> " n n " 1] " 1" " g -

#H
#H
#H

#H
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Cx* ## CARD LAST TITLE - TITLE FOR THE ANOMALY DATA ##
Cx* #¥ FORMAT (20A4) #H
Cx* ## #H
Cx* #4 CONTINUE REPEATING THE ABOVE SET OF TwWO CARDS TO DEFINE ##
Cx*x #4 ALL DESIRED DATA DESTINATIONS AND THEIR TITLES, THEN ##
Cx*x #4 ENTER IOFLAG AS 898 TO END #H
Cx* ## #H

CH* HUSHBEUHBIHBEBEHBIHHHBE BB BB HBHB RO BBIH R EHBERERRB BB RERA
C**
DATE=1980.0
C**
C**
C** READ IN OBSERVATION GRID INFORMATION
READ(5,50) FORGE,FORGN,FDELTE,FDELTN,FELEV
READ(5,51) NFEAST,NFNORT
READ(5,50) HORIZN
C** ECHO OBSERVATION INPUT
WRITE(6,60) FORGE,FORGN,FELEV,FDELTE,FDELTN,NFEAST,NFNORT ,HORIZN
C**
C** READ IN PRISM GRID INFORMATION
READ(5,50) GORGE,GORGN,GORGV,GDELTE,GDELTN,GDELTV
READ(5,51) NMEAST,NMNORT, NMDOWN
DO 10 K=1,NMDOWN
ILVLMT(K)=0
DO 10 J=1,NMNORT
IROWMT (J,K)}=0 .
DO 10 I=1,NMEAST
10 LOCBLK(I,J,K)=0
READ(5,51) IWINDW,IWINDE, IWINDS, IWINDN
CALL BLKIN(NMEAST,NMNORT,NMDOWN)
READ(5,*) (IPDIM(I),I=1,9)
READ(5,*) (SUSCEP(1),I=1,9)
C** ECHO PRISM GRID INPUT
WRITE(6,61) GORGE,GORGN,GORGV,GDELTE,GDELTN,GDELTV,NMEAST ,NMNORT,
& NMDOWN, IWINDW, IWINDE , IWINDS, IWINDN
CALL BLKOUT(NMEAST,NMNORT , NMDOWN)
WRITE(6,62) (I,IPDIM(I),SUSCEP(1),I1=1,9)
C**
C** READ IN DATA DESTINATION INFORMATION
100 CONTINUE
READ(5,51) IOFLAG,IOXMAG, IOYMAG, 10ZMAG, IOSMAG
IF(IOFLAG.EQ.9989) GD TO €99
READ(5,52) TITLE
C**
C** ZERD MODEL FIELD ARRAYS
C**
DO 14 N=1,NFNORT
DO 11 NN=1,NFEAST
FLDNOR(N,NN)=0.0
FLDEST(N,NN)=0.0
FLDVRT(N,NN)=0.0
11 FLDSCA{N,NN)=0.0

C**

C**

C**

C** LOOP DVER PRISMS

C*x*x
DO 12 KK=1,NMDOWM
IF(ILVLMT(KK).EQ.0) GO TO 101
BLKALT=GORGV~-(KK~1)*GDELTV

C*x*x

DO 13 JuJ=1,NMNORT
IF(JU.GT.IWINDN.OR.JJ.LT.IWINDS) GO TO 102
IF(IROWMT(JJU,KK).EQ.0) GO TO 102



C* %
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BLKLAT=GORGN+(JJ-1)*GDELTN

DO 14 II=1,NMEAST

ITYPE = LOCBLK(II,JJ,KK)
IF(II.GT.IWINDE.OR.II.LT.IWINDW) GO TD 103
IF(ITYPE.EQ.Q) GO TO 103

CALL SIZE(IPDIM(ITYPE),BLKDIM,GDELTN,GDELTE)
BLKLNG=GORGE+(II-1)*GDELTE
CNTALT=BLKALT-BLKDIM(3)/2.
CNTLAT=BLKLAT+BLKDIM(1)/2.
CNTLNG=BLKLNG+BLKDIM(2)/2.

CALL SOURCE(CNTLAT,CNTLNG,CNTALT,BLKDIM,NFEAST,NFNORT,
& HORIZN,DATE,SUSCEP(ITYPE))

03 CONTINUE
14 CONTINUE
02 CONTINUE
13 CONTINUE
01 CONTINUE
12 CONTINUE

CALL PRTOUT(FLDNOR,NFEAST,NFNORT,TITLE, IOXMAG, FDELTE,FDELTN)
CALL PRTOUT(FLDEST,NFEAST,NFNORT,TITLE, IOYMAG, FDELTE,FDELTN)
CALL PRTOUT(FLDVRT,NFEAST,NFNORT,TITLE, IOZMAG,FDELTE,FDELTN)
CALL PRTOUT(FLDSCA,NFEAST,NFNORT,TITLE, IOSMAG,FDELTE,FDELTN)
GO 70 100

898 CONTINUE

C**
C**
Cx*
C**
C* %
Cx*
Cx*

FORMATS
50 FORMAT(8F10.0)
51 FORMAT(1014)
52 FORMAT(20A4) :
60 FORMAT(/////’ *,5X, OBSERVATION GRID:’,/’ ’,10X,’ORIGIN:",/’ ’,
& 15X,F7.2,' DEGREES EAST LONGITUDE’,/’ ‘,15X,F7.2,’ DEGREES’,
& ‘ NORTH LATITUDE’,/’ ‘,1BX,F7.2,’ KILOMETRE ALTITUDE’./’ ’,
& 10X, SPACING:’,/’ ',12X,“E-W’,F7.3,’ DEG. EAST LONG.’,/’ ’,12X,
& 'N-$/,F7.3,’ DEG. NORTH LATITUDE’,/’ ‘,10X,’DIMENSION:’,/’ ', 12X,
& ‘E-W’,I7,’ GRID POINTS’,/’ /,12X,‘N-5’,17,’ GRID POINTS’/’ ‘, 10X,
& ‘LIMIT BEYOND WHICH FIELDS ARE NOT CALCULATED: ’,F10.3,’ KM.’)
61 FORMAT(/////' ',5X,‘PRISM GRID:’,/‘ /,10X,“ORIGIN:’,/’ ‘,
& 15X,F7.2,’ DEGREES EAST LONGITUDE’,/’ ‘,15X,F7.2,’ DEGREES’,
& ‘ NORTH LATITUDE’,/’ ‘,15X,F7.2,’ KILOMETRE ALTITUDE',/’ /,
& 10X, SPACING:’,/’ ‘,12X,’E-W‘,F7.3,’ DEG. EAST LONG.’,/’ ’,12X,
& ’‘N-S’,F7.3.’ DEG. NORTH LATITUDE’,/’ ’,11X,/DOWN’,F7.3,
& / KILOMETRES’,/’ /,10X,’DIMENSION:’,/’ ‘, 12X,
& ‘E-W’,I17,’ GRID POINTS’,/’ ‘,12X,’N-S’,I7,’ GRID PDINTS’,/’ 7,
& 12X, VERT’,16,’ GRID POINTS’,/////' *,10X, WINDOW IN PRISM GRID:’

&,/’ ’,12X,’/WEST LIMIT =/,13,10X, /EAST LIMIT =',I3,10X,
& /SOUTH LIMIT =‘,13,10X, /NORTH LIMIT =/,I3)

62 FORMAT(‘1’,10X, ‘PRISM TYPE DIMENSION CODE SUSCEPTIBILITY’,//

& /7 4,9(14X,12,11X,70/,15,12X,F7.5,//’ '))
STOP
END
SUBROUTINE SIZE(ICODE,BLKDIM,GDELTN,GDELTE)

HUBHBBEHBABEHBBERERHRRHBHB BB RERH BB RAERRB BRI R R RERE ARG R AR A
#H SUBROUTINE SIZE #H
#H #H
## CALCULATES DIMENSIONS OF PRISM FROM & DIGIT CODE ##
## i #H
#H E.Gg.T ICODE=010203 ===> BLKDIM(1)=01*GDELTN #H

## BLKDIM(2)=02*GDELTE ##



%ok
Cx*

C*x

C**
Gk
C**
C**
C* %
C**
Cxo*
C**
C* %
C**
C**
Cx*
C %%
Cx %
C**
C**
C**
Ok
C* %
C**
C**
C* %
C**
C**
C**
Cx %
C**
C**
C* %
Gk
C**
Cxox
C* %
C**
C**
CH*
Cxox
Cxx
Cx*
Gk
C ¥k
C* %
Cx*
C**
C**
CHo*
C %%

C*x*
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HH BLKDIM(3)=03.0 HH
HUBHBGHIHB IR BRI BEHRRA BRI RHB R TR R R RRH A

DIMENSION BLKDIM(3)
11=ICODE/ 10000

JU=( ICODE~II*10000)/ 100
KK=ICODE=-II*10000-JJ* 100
BLKDIM(1)=FLOAT(II)*GDELTN
BLKDIM(2)=FLOAT(JJ)*GDELTE
BLKDIM(3)=FLOAT(KK)

RETURN
END
SUBROUTINE SOURCE(CNTLAT,CNTLNG,CNTALT,BLKDIM,NFEAST,NFNORT,

& HORIZN,DATE, SUSCEP)
HHHBGHHBBREHBREHEHBEIRE BRI RHRRRRBBHRBRRERHRRERRE R RHAREA Y
## ##
## EQUIVALENT SOURCE SPHERICAL PRISM #H#
#H ##
#e COMPUTES THE MAGNETIC ANOMALY FIELD DUE TO AN ##
## ARRAY OF 8 DIPOLES WITHIN A SPHERICAL PRISM WITH CENTRE ##
## GIVEN BY CNTLAT (NORTH LATITUDE), CNTLNG (EAST LONG), ##
#H AND CNTALT (DEPTH ~ NEGATIVE DOWN) ) #H
#H #H
#H THE VOLUME IS REPRESENTED BY A 2*2%2 ARRAY #H
#H DF EQUIVALENT DIPOLE SOURCES ARRANGED-ACCORDING TO #H
## GAUSSIAN QUADRATURE. #H#
## ##
## CO-ORDINATE SYSTEMS USED; ##
## FIXED EARTH #H#
## -CARTESIAN SYSTEM WITH ORIGIN AT EARTH’S CENTRE #H
#e X DIRECTION - THRU INTERSECTION OF EQUATOR AND ##
#H GREENWICH MERIDIAN #H
#H Z DIRECTION - COINCIDENT WITH NORTH ROTATIONAL #H
## AXIS ##
## #H#
## GEODETIC ##
## ~GEOGRAPHIC "MAP" SYSTEM #H
#H GEOGRAPHIC LATITUDE (-90 TO +80) #H
## EAST LONGITUDE (0 TO 360) ##
## ALTITUDE (POSITIVE UP) ##
## ##
## GEOCENTRIC ##
7 ~SPHERICAL SYSTEM WITH ORIGIN AT EARTH CENTRE #H#
#H# GEOCENTRIC CO-LATITUDE - PHI ##
#H EAST LONGITUDE - LAMBDA #H
## RADIAL DISTANCE - RHO ##
#H #H
#H TOPOCENTRIC ##
#H ~-LOCAL CARTESIAN SYSTEM WITH ORIGIN ON EARTH ##
#H i SURFACE #H
## CD~-ORDS ARE ALIGNED WITH NORTH, EAST, AND #H
#H# VERTICAL (POSITIVE DOWN) ##
## #H
## ##
## ##
## REF:- CHADO C KU, GEOPHYSICS, VOL 42, NO 3 1977 #H
#H# P 610-622 #H
H# ##
HHUHHEBEHBBERBBRI BB BB GRHRB RSB RBRBBRERI SRR ARSI

COMMON /OBGRID/ FORGE,FORGN,FDELTE,FDELTN,FELEV i
COMMON /FIELDS/ FLDNOR,FLDEST,FLDVRT,FLDSCA !
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DIMENSION FLDNOR(35,35),FLDEST(35,35),FLDVRT(35,35),FLDSCA(35,35)
DIMENSION BLKDIM(3),BLKMAG(3),GAUSSV(2)

Cx*
REAL JX,JY,JZ
Cxx
DATA GAUSSV/.57735027,-.57735027/
DATA CON/.0174533/
DATA ITIME/O/,ITIME2/0/
Cxx

T T e e e a2 o R R e e L Dl
Jo T T Rl o e L a o D

Cx* DFFINTTION OF VARIARLES

CH**

Cx* CNTLAT, CNTLNG, CNTALT - GEODETIC CO-DRDS OF PRISM CENTRE
Cx*

CH* BLKDIM(3) - GEODETIC NORTH (DEG LAT), EAST (DEG LONG),
CH* AND VERTICAL (KM DEPTH) DIMENSIONS OF PRISM
C k%

Cxx UX, JY, JZ - FIXED EARTH COMPONENTS OF MAGNETIZATION
CH** MAGNETIZATION VECTOR HAS UNITS AMP/METRE

C ¥ %

CH* GAUSSV(2) - CO-ORD’S OF INTERVAL LOCATIONS FOR GAUSSIAN
CH* QUADRATURE

C*x

C**

C**

C**++++++++++++++++++++++++++++++++++++++++++++¥++++++++++++++++++++++++
C**+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
C**
Cx* FIND CENTRE OF PRISM IN GEOCENTRIC CO-ORDS
CALL DETCEN(CNTLAT,CNTLNG,CNTALT,CRHO,CPHI,CLAMDA)
Cx* CHECK TO ENSURE PRISM IS SMALL ENOUGH FOR OBSERVATION HEIGHT
IF(ITIME2.GT.0) GO TO 101
DEPTH=BLKDIM(3)
SNLENG=CRHO*BLKDIM( 1)*CON
WIDTH=CRHO*SIN(CPHI*CON)*BLKDIM(2)*CON
BIG=DEPTH
IF(SNLENG.GT.BIG) BIG=SNLENG
IF(WIDTH.GT.BIG) BIG=WIDTH
BIG=BIG*GAUSSV(1)
IF(BIG.GT.FELEV) WRITE(6,60) BIG,FELEV
IF(BIG.GT.FELEV) ITIME2=1
101 CONTINUE

C**

C** FIND INDUCED MAGNETIZATION AS ; J = (K/((K+t)*MU)) * B
C** CONFAC=(10**-9)/(4%PI*10%%~7)

Cx*  10**x-9 - CONVERT B TO TESLA FROM NANDTESLA

C** 4%PI*{0**-7 - PERMEABILITY OF FREE SPACE

CONFAC=(.01/(4.*3.14159) ) *SUSCEP/(SUSCEP+1.)

CALL IGRF(DATE,2,CRHO,CPHI,CLAMDA,CNMAG,CEMAG,CVMAG, CTMAG)

PMAGN=CNMAG*CONFAC

PMAGE=CEMAG*CONFAC

PMAGV=CVMAG*CONFAC
C** ROTATE COMPONENTS OF MAGNITIZATION VECTOR TO FIXED EARTH
C** CO-0ORD SYSTEM
C**

CALL VECTRA(CRHO,CPHI,CLAMDA,PMAGN, PMAGE,PMAGV,

& JX,JY,JZ,+1)

Cok*
Cx** FIND REFERENCE MAIN FIELD FOR SCALAR ANOMALY CALCULATION
c** USE IGRF MAIN FIELD AT CENTRE OF OBS. GRID AND ASSUME IT TO BE
C** CONSTANT OVER THE ENTIRE OBSERVATION GRID.

CGALT=FELEV

CGLAT = FORGN + O.5*NFNORT*FDELTN
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CGLNG = FORGE + O.5*NFEAST*FDELTE
CALL DETCEN(CGLAT,CGLNG,CGALT,CGRHO,CGPHI,CGLAM)
CALL IGRF(DATE,2,CGRHO,CGPHI,CGLAM,REFNOR,REFEST,REFVRT,REFTOT)
C** SET UP FOR GAUSSIAN QUADRATURE
Cx* INTEGRATION LIMITS;
CONST1=(BLKDIM(3) * BLKDIM(2)*CON * BLKDIM(1)*CON) / 8.
C** CONVERSION FACTORS;
C** CONVERT ANOMALY EQUATION TO TESLA FROM AMP*TURN/METRE
C** I1.E. FROM ANOMALY IN H TO AN ANOMALY IN B (MULTIPLY BY MU.ZERO)
C** CONVERT ANOMALY EQUATION TO NANDTESLA FROM TESLA (10%*9)
C** CONFAC= MU * 10%*9 = 4*PI*{0%*-7 * 10**9 = 4*%PI*100
c** DIVIDE BY 4*PI ACCORDING TO S.I. EQUATION ; CONFAC = 100
CONST1 = CONST1*100.
o
H2 = HORIZN*HORIZN
C**
O K m e e e e e e e e e e e e TS SS s e
Cx* LLOOP OVER FIELD OBSERVATION POINTS
Cx* FIND POSITION OF POINT IN EARTH-FIXED CO-ORDINATES
OBSALT=FELEV
DO 10 JF=1,NFNORT
OBSLAT=(JF-1)*FDELTN+FORGN
DO 11 IF=1,NFEAST
OBSLNG=(IF-1)*FDELTE+FORGE
c** FIND FIXED EARTH CO-ORDS OF THIS FIELD OBSERVATION POINT
CALL DETCEN(OBSLAT,OBSLNG,OBSALT,0OBSRHO,OBSPHI,OBSLAM)
CALL CENFIX(DBSRHO,OBSPHI,CBSLAM,OBSX,0BSY,0BSZ,+1)
C** ANOMALY FIELDS;

XANOM=0.0

YANOM=0.0

ZANOM=0.0

SCANOM=0.0
KK o e o o o o e e e - T M e S S S T oS eSS —ee
Carx LOOP OVER 8 DIPOLES IN PRISM

DO 12 I=1,2 .
C** GEODETIC CO-ORDS FOR TOP OR BOTTOM FOUR DIPOLES;
DIPALT = CNTALT + (BLKDIM(3)/2.)*GAUSSV(I)
DO 12 J=1,2
C** NORTH OR SOUTH FODUR;
DIPLAT = CNTLAT + (BLKDIM(1)/2.)*GAUSSV(J)
DO 12 K=1,2
C** EAST OR WEST FOUR;
DIPLNG = CNTLNG + (BLKDIM(2)/2.)*GAUSSV(K)
C**. FIND GEOCENTRIC AND EARTH-FIXED CO-ORDS OF THIS DIPOLE
CALL DETCEN(DIPLAT,DIPLNG,DIPALT,DIPRHO,DIPPHI,DIPLAM)
CALL CENFIX(DIPRHO,DIPPHI,DIPLAM,DIPX,DIPY,DIPZ,+1)
C**
C** FIND COMPONENTS OF SEPARATION VECTOR FROM OBS. PNT. TO DIPOLE

RX = DIPX - OBSX

RY = DIPY - OBSY

RZ = DIPZ - 0OBSZ

R2 = RX*RX +RY*RY +RZ*RZ
RS = R2*R2*SQRT(R2)

C**
Cx* CHECK IF PRISM IS BEYOND SPECIFIED HORIZON
IF(R2.GT.H2) GO TO 100
C** CONSTANT FOR GAUSSIAN QUADRATURE IN SPHERICAL CD-ORDINATES;
CONST2 = (CONST1 * DIPRHO*DIPRHO * SIN(DIPPHI*CON)) / R5
C % %
C** CALCULATE ANOMALY FIELDS AND SUM INTO TOTAL ANOMALY DUE TO THIS
C** PRISM
XANOM=XANOM + CONST2*(JX*((3.*RX*RX)=-R2)+JY*3.*RX*¥RY+JZ*3.*RX*RZ)
YANOM=YANOM + CONST2*(JX*3, *RX*RY+UJY* ({3 .*RY*RY)~R2)+UZ*3 . *RY*RZ)
ZANOM=ZANOM + CONST2%(UX*3,*RX*RZ+JY*3.*RY*RZ+JZ*((3.*RZ*RZ)-R2)})
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12 CONTINUE

C** TRANSFORM ANOMALOUS FIELD VALUES AT THIS OBSERVATION POINT TO

C** TOPOCENTRIC COMPONENTS
CALL VECTRA(OBSRHO,OBSPHI,OBSLAM, ANOMN, ANOME, ANOMV,

& XANOM, YANOM, ZANOM, =-1)

C** SUM INTO FIELD VALUES FDR THIS LOCATION AND OTHER PRISMS
FLDNOR(JF,IF)=FLDNOR{(JF,IF)+ANOMN
FLDEST(JF,IF)=FLDEST(JF,IF)+ANOME
FLDVRT(JF, IF }=FLDVRT(JF, IF )+ANOMV

C** FIND SCALAR ANOMALY (DOT PRODUCT OF VECT. ANOM. AND UNIT MAIN FLD)

SCANOM= ( ANOMN*RE FNOR+ANOME *REFEST+ANOMV*REFVRT ) /REFTOT

FLDSCA(JF,IF)=FLDSCA(JF,IF)+SCANOM

IF(ITIME.EQ.O) WRITE(6,61)

CNTLAT,CNTLNG,CNTALT, CRHO,CPHI ,CLAMDA, SNLENG,WIDTH,DEPTH,
OBSLAT,OBSLNG,OBSALT,DBSRHO,OBSPHI ,OBSLAM, OBSX,0BSY,0BSZ,
DIPLAT,DIPLNG,DIPALT,DIPRHO,DIPPHI ,DIPLAM,DIPX,DIPY,DIPZ,
PMAGN, PMAGE , PMAGV, UX,JY,JZ,R2,CONST1,CONST2,
ANOMN , ANOME , ANOMV , XANOM, YANOM, ZANOM
ITIME=1

100 CONTINUE

11 CONTINUE

10 CONTINUE

@@ e

C %%
RETURN
G K o o e e e e o e
Cxx* - FORMATS
60 FORMAT(’/ /,/#*%¥kk*x  WARNING kdk**x*s /
& A PRISMS ARE TOO BIG FOR THIS ELEVATION’,/
& o LARGEST DIPOLE SEPARATION IS ’,F6.2,’ KM AND OBSER’,
& VATION HEIGHT IS ONLY ‘,F6.2,’ KM')
61 FORMAT(’ ‘,’CENTRE’,9F14.4,///’ ',’OBSERV’,9F14.4,///" ',
& ‘DIPOLE’,9F14.4,///" *, 'MAG *,9F14.4,///’ ', ANOM 7,
& SF14.4,///)
END
SUBROUTINE BLKIN(NMEAST,NMNORT ,NMDOWN)
C**
Ck* HUBHBHUHBHEHEHBHBUHEREEERBBRHBERB R R BEEHABHBRAHIB IR RIAH
Cx* #¥ #e
C*x* #¥# BLOCK READIN #H
C** ## ##
C*xx* ## READ IN TYPE CODES FOR PRISMS AND STORE IN LOCBLK #H#
Cx* 44 ##

C** HUHHBHRBHUBBEREEHEREHIRAGHIH IR ERB BRI BRERRBE R RARRAREIRH
C % *

COMMON /PRISMS/ LOCBLK

COMMON /GRID/ IROWMT, ILVLMT

DIMENSION LOCBLK(50,50, 10)

DIMENSION IROWMT(50,10),ILVLMT(10)

DIMENSION ISTORE(50)

DATA ISTORE/50*0/

i C** .
Cxx DEFINITION OF VARIABLES
Cxx
Cx* LOCBLK - GRID SPECIFYING LOCATION OF BLOCKS
C** NMEAST - DIMENSION OF GRID IN EAST - WEST DIRECTION
C*x* NMNORT ~ DIMENSION OF GRID IN NORTH - SOUTH DIRECTION
C*x* NMDOWN - DIMENSION OF GRID IN VERTICAL DIRECTION
Cxx IROWMT - DETERMINES IF A GIVEN ROW IN THE GRID IS
C** EMPTY OR NOT
C*x* ILVLMT - DETERMINES IF A GIVEN PLANE IN THE GRID IS
Cxx* EMPTY OR NOT
O %

DO 10 KKK=1,10
READ(5,50) K
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IF(K.EQ.9989) GO TO 200

100 READ(5,51) J,(ISTORE(I),I=1,50)

C*x*

IF(J.EQ.999) GO TO 150
DO 11 I=1,NMEAST

11 LOCBLK(I,J,K)=ISTORE(I)

ILVLMT(K)=1
IROWMT (J,K) =1

GO TO0 100

150 CONTINUE

Cx*

10 CONTINUE

200 CONTINUE

C**
C*x*
Coxox
Cx*x
Cx*
C**x
C**
[of 2

Cx*
C* %
C*x*
C**
C*x*
C %%
C*x
C**x
C* %
C*x*
Cxx
C**
Cx*

Xk

C*xx
C**
Cx**

50 FORMAT(I3)
51 FORMAT(I3,1X,76I1)

RETURN
END
SUBROUTINE BLKOUT(NMEAST,NMNORT, NMDOWN)
HHBBURBHREBHERH G HRHBHBH BB AR HRBRBHRBRBRGH AR

#H ##
## BLOCK PRINT OUT ##
#H ##
#H PRINT OUT TYPE CODES FOR PRISMS FROM LOCBLK #H
# ##

HHEBHAHEIRBIHBRREE IR EHEH R BRI RR BRI REH BRI BH AR BHH

COMMON /PRISMS/ LOCBLK

COMMON /GRID/ IROWMT,ILVLMT

DIMENSION LOCBLK(50,50,10),IROWMT(50, 10)
DIMENSION ILVLMT(10)

DIMENSION A(80)

DIMENSION AN(40),SYMBOL(9)

DATA AN/’O’,'1/,'2’,'3/,l4/,/5/,IG’,,7/,I8’,/9/,lAl,/BI,IC/,ID’,
1 'E’,IF’,/G/,’H/,/I/,'L,l,’K’,lL/,IMI,/Nl,/O/,IP’,/Q’,/Rl,
Is/,/Tl’IUI,IVI,IWI’IXI'/Y/'IZ/'/*/,-I+I'I#/,I l/

DATA ITIME/O/
DATA SYMBOL/‘1’,’2‘,’3’,’4’,'5",'6','7",'8','9"/

DEFINITION OF VARIABLES

LOCBLK - GRID SPECIFYING LOCATION OF BLOCKS

NMEAST - DIMENSION OF GRID IN EAST - WEST DIRECTION

NMNORT - DIMENSION OF GRID IN NORTH - SOUTH DIRECTION

NMDOWN - DIMENSION OF GRID IN VERTICAL DIRECTION

IROWMT - DETERMINES IF A GIVEN ROW IN THE GRID IS
EMPTY OR NOT

ILVLMT - DETERMINES IF A GIVEN PLANE IN THE GRID IS
EMPTY OR NOT

DO 400 K=1,NMDOWN
IF(ILVLMT(K).EQ.0) GO TO 400

WRITE(6,10) K
PRINT BORDER

IMAX=NMEAST
IF(IMAX.GT.125) IMAX=125
CALL UBLANK(A, IMAX)

IN=0

DO 50 II=1,IMAX
I11=11/10



C*xx*

Cx*
C* %

Cxx

IF(III.GE.100) III=II1/10
IF(ITI.LT.IN) GO TO 50
IN=IN+1
A(II)=AN(IN)

50 CONTINUE
WRITE(6,11) (A(II),II=1,IMAX)

DO 55 II=1,IMAX
II1=I1-(11/10)*10+1

55 A(II)=AN(III)
WRITE(6,11) (A(I1),II=1,IMAX)
WRITE(G,99)

DO 300 JdJ=1,NMNORT

J=NMNORT ~JuJ+1

CALL UBLANK(A, IMAX)
IF(IROWMT(J,K).EQ.O) GO TO 250

DO 200 I=1,IMAX
IF(LOCBLK(I,J,K).EQ.0) GO TO 200
II1=LOCBLK(I,J,K)
IF(II.LT.0.0R.II.GT.8) GO TO 300
A(I)=SYMBOL(II)

200 CONTINUE

C**

2

50 WRITE(6,20) J,(A(II),II=1,IMAX)

300 CONTINUE

2

C**

2

4

5

Cx %

Cx*
Cxo%k
C ¥k
C*x*
Cx*

WRITE(6,99)
DO 260 II=1,IMAX
III=I1I-(I1/10)*10+1

60 A(II)=AN(III)
WRITE(6,41) (A(I1),II=1,IMAX)
CALL UBLANK({A, IMAX)

IN=0
DO 270 II=1,IMAX
I11=11/10
IF(III.GE.100) II1I=I1I1/10
IF(III.LT.IN) GO TO 270
IN=IN+1
A(II)=AN(IN)
70 CONTINUE
WRITE(6,11) (A(II),II=1,IMAX)
00 CONTINUE
ITIME=1
RETURN
00 CONTINUE
WRITE(6,30) I,U,K,I1
CALL TRMINS

10 FORMAT(’1’///.’ *,30X, 'DEPTH LEVEL - ’,14/)

11 FORMAT(’ ‘,4X,12BA1)

20 FORMAT(’ ’,13,1X,125A1)

30 FORMAT(’ ‘,‘*% ERROR IN BLKOUT - LOCBLK(’,3I3,‘) =’,13)
99 FORMAT(’ ‘)

RETURN

END

SUBROUTINE UBLANK(A,NUM)
HUBHHHHREHBH BRI RRIARR AR ERAARRA B IHARAE BB HHAA
## SUBROUTINE UBLANK ##
## . #H
#H INSERTS BLANKS IN ARRAY A FROM 1 TO NUM ’ #H



Coxox
Cxx*x
Cxo*
Cx*

#H #H
HHAHREHABHHERHER R AIRE R RA SRR BRR IR EHBHREH R R BRAAH

DIMENSION A(80)
DATA BLANK/’" '/
DO 100 I=1,NUM

100 A(I)=BLANK

CoH
C**
Cx*x
Cxx*x
C*x*x
Cx %
C*x
Cxx

Ckox

100 CONTINUE

C**
Cxx
Cx**x
C* %
C*x
Cxx
Cx*
Cxx*x
C*x*
C*x

C**
C*xx

C**
C* %

RETURN

END

SUBROUTINE PRTOUT(F,NFEAST,NFNORT,TITLE,IDUT,FDELTE,FDELTN)
HHHHHEIHAHHHB RSB BRRABRUE AR BEERAAAGRBBI BRI RRARRRRHB R R A
## SUBROUTINE PRTOUT ##
#H ##
#H# #H

HEHBRHRHHAERH R HRBBRARHE BRI BB BRHRERBEIRABH R BRI RN

DIMENSION TITLE(20)
DIMENSION F(35,35)

IPRT=(I0OUT+1)/10

IFLAG=IDUT-IPRT*10

IF(IFLAG.EQ.S8) RETURN

IF(IPRT.EQ.1) WRITE(6,12) (JJ,Jdu=1,21)

IF(IFLAG.EQ.1) WRITE(B,11) TITLE

IF(IFLAG.EQ.1) WRITE(8,15) NFEAST,NFNORT,FDELTE,FDELTN
IF(IFLAG.EQ.2) WRITE(S,11) TITLE

IF(IFLAG.EQ.2) WRITE(9,15) NFEAST,NFNORT,FDELTE,FDELTN
DO 100 J=1,NFNORT

IF(IFLAG.EQ.1) WRITE(8,4) (F(J,1),I=1,NFEAST)
IF(IFLAG.EQ.2) WRITE(9,4) (F(U,I1),I=1,NFEAST)
IF(IPRT.EQ.1) WRITE(6,10) J,(F(J,I),I=1,NFEAST)

4 FORMAT(8E10.3)

10 FORMAT(’ /,I12,2X,21F6.2,250(/' ’/,4X,21F6.2))
11 FORMAT(20A4)

12 FORMAT(*1’,///" *,4%,21(2X,12,2X)/)

15 FORMAT(4X,213,2F7.3)

RETURN

END

SUBROUTINE VECTRA(RHO,PHI,ELAMDA,VECTN,VECTE,VECTV,VECTX,VECTY,
& VECTZ, IROT)

HHURHBHBBEHERGR BB BB RABH BRI H BB R RBA IR RERR RS
## #i
## TRANSFORMS VECTOR COMPONETS BETWEEN TOPOCENTRIC ##
#H (N,E,V) CO-ORD SYSTEM AND FIXED EARTH (X,Y,Z) CO-O0ORD #H
## SYSTEM. RHO, PHI, LAMBDA ARE THE GEOCENTRIC CO-ORDS #H
## OF THE VECTOR. IROT GIVES DIRECTION OF TRANSFORMATION ##
## IROT = -1 XYZ ==> NEV ; IROT = +1 NEV ==> XYZ ##
## PHI = GEOCENTRIC CO-LATITUDE ELAMDA = EAST LONGITUDE ##

HEBRBEARHEEHRRRGHRRHH RSO BRI R RHARRAR AR RRAR

DATA CON/.0174533/

SINP=SIN(PHI*CON)
COSP=COS(PHI*CON)
SINL=SIN(ELAMDA*CON)
COSL=COS(ELAMDA*CON)



100

C**

200

C**

300

Cx*x
C**
C*x*x
C**
C*x*
C**
Cx*
C*x*
C**
C**
C**
Cxx

C %%

Cx*

C**

Cxx

C**
C**
C*x
C**
C**

10

IF(IROT) 100,300,200

CONTINUE

VECTN = -VECTX*COSL*COSP - VECTY*SINL*COSP + VECTZ*COSP
VECTE = -VECTX*SINL + VECTY*COSL

VECTV = -VECTX*COSL*SINP - VECTY*SINL*SINP - VECTZ*COSP
RETURN

CONTINUE

VECTX = -VECTN*COSP*COSL - VECTE*SINL - VECTV*SINP*COSL
VECTY = -VECTN*COSP*SINL + VECTE*COSL - VECTV*SINP*SINL
VECTZ = VECTN*SINP ~ VECTV*COSP

RETURN

CONTINUE

WRITE(6, 10)

FORMAT(’ /, ####% ERROR IN VECTRA HAHHH IROT=0")
CALL TRMINS

RETURN

END

SUBROUTINE DETCEN(BLAT,ELONG,HEIGHT,RHO,PHI,ELAMDA)

112

HHRBEHARRGHHRBERERBBRGBRRHR RN HBAREREH BB HGHAA N

H#H
#H
#H
#H
HH
#H
#H
#H

CONVERTS GEODETIC CO-ORDINATES (LATITUDE,
EAST LONG,HEIGHT) TO GEOCENTRIC CO-ORDS

(RADIAL DISTANCE, CO-LATITUDE, EAST LONGITUDE)

RHO RADIAL DISTANCE
PHI GEOCENTRIC CO-LATITUDE
ELAMDA = EAST LONGITUDE

#H
#H
##
#H
##
#H
##
#H

HHHRRARB R BER BB R RR R EH BRI HY

DATA CON/.0174533/
DATA A2/40680925./
DATA B2/40408585./

ALT=HEIGHT

ONE=(S0.0-BLAT)*CON
SLAT=COS(ONE)

CLAT = SIN(ONE)

ONE = A2*CLAT*CLAT

TWO = B2*SLAT*SLAT

THREE = ONE + TWO

FOUR = SQRT(THREE)

R = SQRT(ALT*(ALT + 2.0%FOUR) + (A2*ONE + B2*TWO)/THREE)
Cb = (ALT + FOUR)/R

SD = (A2 -B2)/FOUR*SLAT*CLAT/R
ONE = SLAT

SLAT= SLAT*CD - CLAT*SD

CLAT = CLAT*CD + ONE*SD

RHO=R
PHI=ARCOS(SLAT)/CON
ELAMDA=ELONG

RETURN
END
SUBROUTINE CENFIX(RHO,PHI,ELAMDA,X,Y,Z,IR0T)

HHBHBHHBERBHRE BB RERAH G BRHRHBRBREB BRI REE AR

#H
#H
#H
HH

SUBROUTINE CENFIX
CONVERTS GEOCENTRIC COD-ORDS RADIAL DISTANCE (RHO),
GEOCENTRIC CO-LATITUDE (PHI), AND EAST LONG. (ELAMDA)
TO EARTH-FIXED CO-ORDINATES X, Y, AND Z. THE X-AXIS

HH
#H
#H
##



1

3

C** ##  PIERCES THE EARTH’S SURFACE AT THE INTERSECTION OF #H
C** ##  GREENWICH MERIDIAN AND THE EQUATOR, WHILE THE Z-AXIS #H
C** ## 1S COINCIDENT WITH THE NORTH ROTATIONAL AXIS. #¥
Cx* gy #H
CHx* 44 THE SIGN OF IROT GIVES THE DESIRED TRANSFORMATION 7
C** 44 IROT = -1 ====> XYZ --> RHO,PHI,LAMBDA #H
Cx* #4 +1 ====>  RHO,PHI,LAMBDA --> XYZ #H#
CH* 44 #y
CH* HHUBBERIBEIREI BB BRI BE AR BB R RN R EIN
Cx*
DATA CON/.0174533/
Cor*
IF(IROT) 100,300,200
100 CONTINUE
RHO=SQRT (X*X+Y*Y+Z%Z)
ELAMDA=(ATAN{(Y/X))/CON
PHI=(ARCOS(Z/RHO))/CON
RETURN
C*x
200 CONTINUE
COSP = COS(PHI*CON)
SINP = SIN(PHI*CON)
COSL = COS(ELAMDA*CON)
SINL = SIN(ELAMDA*CON)
C**
X = RHO*COSL*SINP .
Y = RHO*SINL*SINP
Z = RHO*COSP
RETURN
C**
300 CONTINUE
WRITE(6, 10)
10 FORMAT(’ ’,'####### ERROR IN CENFIX #######  IROT=0')
CALL TRMINS
RETURN
END
SUBROUTINE IGRF (DATE,ITYPE,ALT,COLAT,ELONG,X,Y,Z,T)
Cxx*
C HHHBHRHBHRIR BB ERE RGO RRHBEERBRBBINE BB RS BHBE BRI BAREH RN
C ## #4
C #4 #4
C ## THIS SUBROUTINE COMPUTES VALUES OF X,Y,Z AND T FOR A GIVEN EPOCH ##
C ## AND POSITION FROM THE SPHERICAL HARMONIC COEFFICIENTS OF THE 7]
C ## INTERNATIONAL GEOMAGNETIC REFERENCE FIELD #4
C ## #H
C ## DATA DATE = REQUIRED EPOCH IN YEARS AND DECIMALS OF A YEAR, A.D. ##
C #4 ITYPE = 1 IF GEODETIC CORRDINATES ARE BEING USED #4
C ## ITYPE = 2 IF GEOCENTRIC CODRDINATES ARE BEING USED #
C ##4 ALT = HEIGHT ABOVE MEAN SEA LEVEL IN KM (ITYPE=1) #4
C ## ALT = RADIAL DISTANCE FROM CENTRE OF EARTH IN KM (ITYPE=2)##
C #4 COLAT = COLATITUDE IN DEGREES (0.0 TO 180.0) ¥
C ## ELONG = EAST LONGITUDE IN DEGREES (0.0 TD 360.0) #H
C ## #4
C ## OUTPUT X = NORTH COMPONENT OF MAGNETIC FORCE IN GAMMA ##
C ## Y = EAST COMPONENT OF MAGNETIC FORCE IN GAMMA #4
C ##4 Z = VERTICAL COMPONENT OF MAGNETIC FORCE IN GAMMA B
C ##4 #4
C ## T = TOTAL MAGNETIC FORCE IN GAMMA ##
C ## N.B. THE COORDINATE SYSTEM FOR X,Y AND Z IS THE SAME AS THAT #H
C ##4 SPECIFIED BY ITYPE H#
C ## B
C ## i #i
C ## THE S.H. COEFFICIENTS ARE SUPPLIED BY A DATA STATEMENT; #H
C ## B4



#H
H#
#H
HH
#H
#H
#H
#H
#H
#H
#H
#

* %

sNeNesNoNoNoReNoNeNoNeN O NN o]

c60
C60
ceo
ceo
Cceo
ce0
o151}
Ce0o
ceo
ceo
C60
ce0
ce0
ceo
C60
ceo
ceo
Ce0
ce0
Cceo
C60
c60
C**
61516
ce0
ceo
(61°10]
ce0
ceo
¢1:10]
110
€60
Ce0
ceo
ce0
01210}
Ce0
ceo
Ce0
Ce0
Cce0
Cceo

Cce0
Cx*
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DATA FORMAT: G(N,1) G(N,2) H(N,2) G(N,3) H(N,3)...G(N,M) H(N,M} ##

HH
NGTERM IS THE NUMBER OF G{(N,M)’S HH
NGTERM OF 77 ===> DEGREE AND ORDER 11 e
NGTERM OF 104 ===> DEGREE AND ORDER 13 ##
HH
HE
ALTERNATIVELY, THE COEFFICIENTS MAY BE SUPPLIED BY STATEMENTS OF ##
THE FORM: AGH(1) = =-30339. AGH(2) = -2123. ETC. HH
OR THE COEFFICIENTS MAY BE READ IN THE MASTER PROGRAM AND MADE ##
AVAILABLE TO THE SUBROUTINE BY A COMMON STATEMENT Y
H¥

HUBHHBERRRHERHAHHRRREHEH BRI RRRGHRBRRAHIREH BRI ERERARB R

DIMENSION AGH(200),DGH(200),P(150),Q(150),CL(20),5SL(20)

POGO(10/68)

DATA NGTERM/77/

DATA RYEAR/1860.0/

DATA AGH/-30465.0,-2163.3,5791.0,

¥ a2 @X@OOOOAINTOONRDWND

4 A PO OOOOIIONU UL WN

-1541.4,2976.3,-19877.2,1607.5,156.6,
1325.8,-1983.7,-445.3,1316.9,233.4,842.0,-94.9,
959.1,819.6,135.4,486.4,-266.7,-372.4,20.7,256.2,-241.5,
-234.3,357.7,16.9,2833.9,113.3,-21.0,-128.7,-147.1,-115.1,
-45.2,130.3,
49.1,54.5,-9.6,4.8,106.4,~-248.1,56.8,1.7,-27.2,-8.7,
-14.9,-91.6,-4.3,
75.8,-52.4,-57.9,8.0,-25.0,10.0,-0.8,-36.7,6.3,-8.3,9.5,
6.6,-11.7,-22.7,-37.6,
7.4,6.0,10.1,-8.1,-13.0,-9.2,11.5,-0.8,-16.4,9.1,5.5,
-11.4,22.3,7.9,-4.9,35.1,-26.2,
11.0,6.6,-20.4,1.8,14.4,-12.5,0.6,15.8,-1.5,1.7,1.4,
2.6,3.4,8.7,14.8,5.1,2.4,-2.4,-0.9,
-2.6,-2.0,1.14,1.0,0.9,-5.5,-0.3,-0.7,7.5,7.5,-2.8,7.8,
1.4,1.7,-0.5,-5.3,4.3,1.3,8.0,-2.7,-13.7,
2.3,-1.8,-0.8,-2.1,4.4,5.5,-0.1,-1.5,-3.8,2.4,-0.6,
-3.5,1.8,-1.3,-3.2,2.5,0.8,-1.2,-5.9,12.7,-1.7,5.0,10.5,
57%0.0/

DATA DGH/25.42,9.88,-4.66,

-23.9,8.5,-7.07,-2.14,-10.7,
-5.59,-11.52,8.48,-4.41,0.68,2.87,-14.88,
-0.62,-2.51,3.45,-1.22,-0.398,-2.96,-0.87,0.86,-6.52,
2.72,0.48,0.05,3.17,3.00,-2.46,0.32,-0.89,3.11,~-3.15,
-6.35,
~-0.61,1.06,-0.26,0.62,-0.48,3.96,2.58,-0.94,-0.80,1.49,
0.50,-1.67,0.82,
-0.89,-0.21,-0.87,~-1.08,-0.46,0.70,-1.02,1.07,0.25,0.96,
1.88,1.01,-2.43,5.23,2.32,
0.61,-0.12,-0.15,0.87,-0.10,-0.33,-1.22,-0.14,-0.26,
-0.85,0.15,0.99,-0.37,0.81,0.29,-4.88,0.91,
-0.24,0.30,-0.38,0.04,0.16,0.04,0.67,-0.40,-0.14,-0.28,
-0.83,-0.57,1.3,-1.82,-0.33,-0.14,-0.38,0.50,0.99,
-0.01,-0.09,0.21,0.12,0.05,0.19,0.54,-0.20,-0.26,-0.02,
~-0.30,-0.43,-0.03,-0.33,-0.38,1.03,-0.02,0.22,-1.04, .46,
0.79,
0.03,0.11,0.35,0.05,-0.26,-0.30,-0.17,0.01,0.17,~0.34,
©.18,0.48,-0.50,0.52,0.28,-0.19,-0.34,-0.03,0.37,-1.65,
0.22,-0.40,-1.55,57*0.0/

C KK o m e e e o e s e e e e e e e e

CH K e m e e o s e e e e e

CHox
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DATA NGTERM/44/
DATA RYEAR/1965.0/
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C*x*

C**
C*x*x
C**x
C*%
C*xx*x
C*xx*

MAGSAT MGS481#2 EPOCH 1980.0 MEAN EARTH RADIUS 6371.19892
DEGREE AND ORDER 13 FOR G AND H, 7 FOR TIME DERIVATIVES.

DATA NGTERM/104/

DATA RYEAR/1980.0/

DATA AGH/-29987.2,-1956.9,5604.7,

2 -1996.2,3027.4,-2129.5,1663.5,-199.6,

3 1279.8,-2181.0,-334.3,1251.4,271.1,833.0,-252.2,

4 837.7,782.5,212.2,386.9,-256.7,-419.4,52.4,198.1,-287.8,

5 -217.2,357.8,45.9,261.1,150.,-74.3,-150.6,-162.,~77.7,-48.1,82.3,
6 48.5,65.,~-14.6,41.9,93.2,-192.,71.,8.5,-43.,13.8,-2.2,-107.6,17.3
7,72.,-59.2,-82.5,1.6,-27.2,20.9,-5.2,-12.1,15.9, .4,17.9,10.3,-23.,
7 -1.8,-8.9,
8 18.5,6.7,7.2,~-.2,-17.6,-10.8,3.8,-7.2,-22.2,4.4,9.1,2.5,16.1,6.1,
8 -13.3,-0.8,-14.8,
8 5.3,10.4,~-20.8,1.4,15.5,-12.1,8.7,9.5,-5.1,-3.6,-6.8,-1.,9.,6.9,

89 8.7,1.4,-5.7,-5.0,2.2,

& -3.2,-3.8,1.2,2.4,.4,-5.6,2.9,-1.8,5.8,4.5,-4.3,3.3,-.1,.7,~-1.3,
& 2.3,83.1,83.1,-0.2,-0.5,-6.4,
{2.5,-4.3,.9,-1.8,2.,2.4,-1.5,.2,-3.2,~-.9,.5,~-.4,-.83,1.4,-2.4,1.5,
1 -0.3,-0.6,-1.5,1.9,-1.9,3.5,1.1,

2 -1.7,0.,.4,-.2,.6,-.2,2.83,.8,-1.4,.5,.4,-.5,.1,-.2,-.3,.3,.1,-.6,
2 0.0,-0.2,-1.3,0.8,0.5,-0.0,0.9,
30.,-.4,-.5,.5,.83,-.6,1.2,-.1,-.2,.9,-.5,-.5,-.1,.2,.9,-.9,.3,.2,
31.0,-0.1,0.2,0.3,-0.1,-0.5,~.4,.4,-.9,5%¥0.0/

DATA DGH/25.50,12.78,-22.43,
-10.81,0.50,-12.87,11.08,~-20.78,
-5.56,-6.58,3.95,-2.87,1.25,~-0.46,-9.36,
-0.87,1.80,-0.44,-6.72,-1.73,0.75,5.71,~-7.18,-4.05,
©.55,-1.83,1.12,-0.23,1.50,-3.381,-1.83,1.54,3.56,
~-2.58,0.63,
1.54,2.22,-1.54,0.55,-2.71,0.56,-0.74,0.80,1.15,
0.29,0.61,-1.34,3.84,
1.08,-2.45,-1.28,0.15,0.94,0.65,0.99,-0.69,~-0.25,
-1.66,-0.51,1.40,-0.68,1.46,1.80,

137*0.0/

¥N~NOOAU DWW

SET INITIAL VALUES

T=DATE-RYEAR

R = ALT
ONE=COLAT*.0174533
SLAT=COS(ONE)

CLAT = SIN(ONE)

ONE = ELONG*0.0174533
CL(1)= COS(ONE)
SL(1)= SIN(ONE)

X = 0.0

Y= 0.0

Z = 0.0

D 1.0
D 0.0

1
1

uonon

Cc
S
L
M
N =0
GO TO (1,2),ITYPE
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C**
C** CONVERSION FROM GEODETIC TO GEOCENTRIC COORDINATES
C**
1 A2= 40680925,
B2= 40408585.
ONE = A2*CLAT*CLAT
TWO = B2*SLAT*SLAT
THREE = ONE + TWO
FOUR = SQRT(THREE)
R = SQRT(ALT*(ALT + 2.0*FOUR) + (A2*DONE + B2*TWD)/THREE)
CD = (ALT + FOUR)/R
SD = (A2 -B2)/FOUR*SLAT*CLAT/R
ONE = SLAT
SLAT= SLAT*CD - CLAT*SD
CLAT = CLAT*CD + ONE+SD
2 RATIO = 6371.2/R

C**
C** COMPUTATION OF SCHMIDT QUASI-NORMAL COEFFICIENTS P AND X(=Q)
C**
P(1) = 2.0*SLAT
P(2) = 2.0%CLAT
P(3) = 4.5*SLAT*SLAT - 1.5
P(4) = 5.1961524*CLAT*SLAT
Q(1) =-CLAT
Q(2) = SLAT
Q(3) = -3.0%CLAT*SLAT
Q(4) = 1.7320508*(SLAT*SLAT- CLAT*CLAT)
DO 15 K=1,NGTERM
IF (N-M) 3,4,4
3 M=0
N = N+1
RR = RATIO**(N+2)
FN = N
4 FM = M
IF (K-5) 8,5,5
5 IF (M-N) 7,6,7
6 ONE = SQRT(1.0 - O.5/FM)
J = K-N-1
P(K) = (1.0+1.0/FM)*ONE*CLAT*P(J)
Q(K) = ONE*(CLAT*Q(J) + SLAT/FM*pP(U

))
SL(M) = SL(M=-1)*CL(1) + CL(M-1)*SL(1)
CL (M) = CL(M-1)*CL(1)-SL(M=1)*SL(1)
GO TO 8
7 ONE = SQRT(FN*FN-FM*FM)
TWO = SQRT((FN-1.0)**2-FM*FM)/ONE
THREE = (2.0%FN-1.0)/ONE

I=K-N

U=K-2%N+1

P(K) = (FN+1.0)*(THREE*SLAT/FN*P(I) -TWO/(FN-1.0)*P(J))
Q(K) = THREE*(SLAT*Q(I) - CLAT/FN*P(I)) -TWO*Q(J)

C**
C** SYNTHESIS OF X, Y AND Z IN GEDCENTRIC COORDINATES
k%
8 ONE = (AGH(L) + DGH(L)*T)*RR
IF (M) 10,8,10
X + ONE*Q(K)
Z - ONE*P(K)

S

T0 14

0 = (AGH(L+1) + DGH(L+1)*T)*RR
REE = ONE*CL(M) + TWO*SL(M)

= X+THREE*Q(K)

= Z - THREE*P(K)

X
Y4
L
G
10T
T
X
Z
IF (CLAT) 12,12,11
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11 Y = Y+(ONE*SL(M) - TWOXCL(M))*FM*P(K)/((FN + 1.0)*CLAT)
GO TO 13
12 Y Y+(ONE*SL(M) - TWOXCL(M))*Q(K)*SLAT
i3 L L+2
14 M = M+1
15 CONTINUE
C**
C** CONVERSION TO CDORDINATE SYSTEM SPECIFIED BY ITYPE
C**

"nou ®

ONE = X

X = X*CD + Z*SD

2 = Z*CD - ONE*SD

T = SQRT(X*X + Y*Y + 2*Z)
C**

RETURN
C**

Cx* LIBRARY FUNCTIONS USED BY THIS SUBROUTINE ARE SIN,COS, SQRT
Cxox

C**
C** SAMPLE RESULTS:
Cx* IGRF(1965.0,1, 0.0, 0.0, 30.0, 2541., -240., 56349.,56407.)

C** IGRF(1965.0,1, 0.0,180.0,295.0, 12923., 9661.,-56900.,59144.)
C** IGRF(1969.3,1, 0.0, 57.0,195.0, 25092., 5729., 30145.,39638.)
C** IGRF(1965.0,2,6371.2, 45.0, 10.0, 21848.,-1052., 40417.,45956.)
C** 1GRF(1967.5,2,9000.0, 31.0,359.0, 5750.,-1226., 17853.,18796.)
END .
SUBROUTINE TRMINS
C**  BHUBHHHERHRHEHRAR SRR BRI RE IR BRBBHRBRBRERRH

Cx*x  4## TERMINATE JOB RUN ##
Cx* 44 CALLED WHEN PROGRAM USER HAS SUPPLIED INVALID ##
Cx*x 44 PARAMETERS #e

C*x* BHEHHEHHEHEERHE R RHE BRI R HARBERERHRERY
C**
WRITE(S, 10)
10 FORMAT(’ ~/,’##### PROGRAM TERMINATED BY A CALL TO TRMINB #####')
STOP
END
//GO.FTOBFOO1 DD SYSDUT=A
//GO.SYSIN DD *



Appendix B

PROGRAM MAGSAT

Foliowing is program MAGSAT. This program was designed specifi-
cally for MAGSAT data and has limited value in other respects. How-
ever, it is included here since several of the subroutines may be of

use in a variety of applications.
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/*ROUTE PRINT LOCAL
/*D6250 MSATO6 BIN 451
/*TAPE VPLOT
//TREAD EXEC ASMGC
//ASM.SYSPRINT DD DUMMY
//ASM.SYSIN DD *
TITLE ‘POGSON’’S SECOND VERSION OF TREAD WITH //TWIND’’ ENTRY’
*TAPE READING ROUTINE -- FORTRAN USAGE: CALL TREAD(IREC,&77)
*READS A RECORD INTO ARRAY IREC AT EACH CALL AND RETURNS TO FORTRAN
*STATEMENT LABELED 77 (OR ANY LABEL INDICATED BY THE &) AT END-OF-FILE.
* ARRAY MUST BE LARGE ENOUGH TO HOLD ONE RECORD WHOSE LENGTH IS DEFINED
* IN THE JCL OR DATA SET DCB.
* THIS VERSION HAS BEEN MODIFIED FOR FIXED, UNBLOCKED RECORDS.
* USE ’CALL TWIND’ INSTEAD OF ‘REWIND 11~
TREAD CSECT
USING TREAD, 15

STM 14,2,12(13) SAVE REGISTERS
ST 13, SAVE+4
BAL 13,84(15)
USING  *,13
DROP 15
SAVE DS 18F
* GET THE ARRAY AREA ADDRESS AFTER SAVING REGISTERS AND SETTING BASE
L 2,0(1)
*INSERT CODING HERE TO VARY DCB PARAMETERS THROUGH COMMON AT EXECUTION
SWITCH BC 0, ARDUND NO BRANCH FIRST TIME THROUGH
o1 SWITCH+1,X’'FO’ NO NEED TO REOPEN
PRINT  NDGEN
INIT OPEN (IN,INPUT) OPEN TAPE DCB
AROUND  GET IN, (2)
L 13, SAVE+4
LM 14,2,12(13) RESTORE REGISTERS AND RETURN
MVI 12(13),X'FF~’
BCR 15, 14
* MACRF=GD IS THE SAME AS GM EXCEPT THAT THE RDW IS NOT MOVED
* USE “GD" FOR "RECFM=VBS"
USE "GM" FOR “RECFM=F" OR “FB"
IN DCB DDNAME=FTO8F001,RECFM=VRBS, EODAD=FINISH,MACRF=GD,DS0ORG=PS, X
BUFNO=2, EROPT=SKP
FINISH L 13, SAVE+4
LM 14,2,12(13)
LA 15,4(0,0) SIMULATE ‘RETURN 1’
MVI 12(13),X’FF"’ INDICATE RETURN TO USER
BCR 15, 14
TWIND STM 14,15,12(13)
USING  TWIND, 15
DROP 13
L 14,=A{SAVE) WHY NOT REUSE TREAD’S SAVE AREA?
DROP 15
USING  SAVE, 13
ST 13,4(0, 14)
LR 13, 14
CLOSE (IN,REREAD)
OPEN (IN, INPUT)
L 13, SAVE+4
LM 14,15, 12(13)
MVI 12(13),X’FF’ INDICATE RETURN TO USER
BCR 15, 14 RETURN
ENTRY  TWIND,TREAD
END

//STEP1 EXEC FORTHCL,USERLIB=’SYS2,VPLOTLIB’,SIZE=512K
//FORT.SYSPRINT DD .DUMMY
//FORT.SYSIN DD * ¢
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C**
O, e e
Cx*,
CH* PROGRAM MAGSAT
Cx* |
Cx* READS AND ANALYSES MAGSAT DATA STORED ON
CHx, MAG TAPE
CHx*, .
% L e e e e e
C**
COMMON/BNDRY/ CSBLNG(182),CSBLAT(182),PB1LNG(5),PB1LAT(5),
* PB2LNG(50),PB2LAT(50),PB3LNG(16),PB3LAT(16),
* PB4LNG(12),PB4LAT(12),PB5LNG(4),PBSLAT(4),
* PBGLNG(7),PBELAT(7),BAYLNG(254),BAYLAT(254),
* SUPLNG(116), SUPLAT(116),RIVLNG(109),RIVLAT(109)
COMMON/VARBLS/ VAR(100),NWVAR
COMMON/HEADER/ MPASS,MJUD,IPASS,HCONST{18) ,NRECH,NPOINT,DST(12),
* MODELF(3), TZERO, ABAR, FEXT(3),COMM(30),GH(289),GHT(196)
COMMON/MAGOUT/ AQUT(50,300),NP
COMMON/PLPARM/ XSTART,XASCAL,YSTART,YASCAL, IPNUM, CSBF,PROVF,
* BAYF,RIVF,LAKF
C**

DIMENSION IBUF(8000),JVAR(300),ITITLE(20),FCOEF(8),C(10),DATIME(7)
DIMENSION DIFF1(300),DIFF2(300),DIFF3(300),DIFF4(300)
DIMENSION BNDRY{3000),SUM(300),VECT(300), ICONST(18)

Co** s
EQUIVALENCE(VAR(1),UVAR(1))
EQUIVALENCE(HCONST(1),ICONST(1))

C**
DOUBLE PRECISION VNAME ,NWRITE,KPINDX,NSUM,NFILTR
DOUBLE PRECISION NAME,NINT,NIDUMP,NODUMP,NSTAT
DOUBLE PRECISION NPLOT,NEND,NRUN,NULAT,NNPASS,NFIXUP,NCSB
DOUBLE PRECISION NPOLIT,NHUDSN,NLAKES,NRIVER,NFIT,NSTACK

C**
LOGICAL IDUMPF,ODUMPF,EXITF,PLOTF,CSBF,PROVF,BAYF,RIVF, LAKF
LOGICAL UNILAF,FIXUPF,FITF,SUMF,FILTF,WRITEF,KPFLAG,STATF

c**
DATA NFIT/‘POLYFIT ’/
DATA NIDUMP//INDUMP ‘//
DATA NODUMP/‘DUTDUMP ‘/
DATA NPLOT/‘PLOT ‘/
DATA NFIXUP/‘FIXUP '/
DATA NULAT//UNILAT ‘/
DATA NRUN/‘RUN - '/
DATA NEND/’END ‘/
DATA NNPASS/‘PASS ¢
DATA NCSB/’/CSBDATA ‘/
DATA NPOLIT/‘POLDATA
DATA NHUDSN/‘/BAYDATA
DATA NLAKES/’LAKDATA
DATA NRIVER/‘RIVDATA
DATA NSTACK/’STACK
DATA NSUM/’SUM o/
DATA NFILTR/’/FILTER
DATA KPINDX/‘KPINDEX //
DATA NWRITE/‘/WRITEOQUT’/
DATA NSTAT//STATIC ‘/

“ s N~ s
SNONNSINNNS N

Cx*

C**

C** CONTROL WORD . PARAMETERS

CHF o o e e e e e e e

C**

C** POLYFIT MDEG - DEGREE OF POLYNOMIAL FIT TO ANOMALY DATA TO
Cxx PERFORM



Cx*
C**
C**
Cx*
C**
Cx*
C**
C**
C*x*
Cx*
C**
oo
C* %
C* %
C**
CHx*
C* %
Cx*
CH**
CH**
Cx*
Cx*
C**
C**
C**
C**
C**
C*x*
Cx*
C* %
Cx*
Cx*
C**
C**
Cx*
C**
Cxx
C % *
C**
C*x
Cx*
Cx*
C**
Cx**
C**
Cx*
C**
C**
C**
C**
C*x %
Cxx
C**
C % %
C**
CHxx*
C* %
Cx*
C**
C* %

PASS

KPINDEX

UNILAT

FIXUP

PLOT

INDUMP

OUTDUMP

STATIC

SUM

STACK

FILTER

WRITEOUT

CSBDATA

POLDATA
BAYDATA
LAKDATA

RIVDATA

IY1
Iy2
IY3
IY4

IPFRST
IPLAST

KPMIN
KPMAX

LINC

RANGE

IX

LIHEAD
LIDATA
NISTRT
NISTOP

LOHEAD
LODATA
NOSTRT
NOSTOP

ISVAR
LSTRTD
LSTRTM
LSTOPD
LSTOPM

IFVAR

LAMSML
LAMBIG

i

1
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VARIABLE NUMBERS TO FIT. X VARIABLE ASSUMED TO
TO BE LATITUDE UNLESS SPECIFIED IN PLOT

STARTING PASS NUMBER
STOPPING PASS NUMBER

MINIMUM KP INDEX TO INCLUDE
MAXIMUM KP INDEX TO INCLUDE

LATITUDE INCREMENT (MINUTES)

RANGE AGAINST WHICH VECTOR DATA IS TESTED
TO DETERMINE IF IT IS TO BE REMOVED

VARIABLE NUMBER TO BE USED AS X VAR. IN PLOTS

LEVEL OF HEADER RECORD DUMP
LEVEL OF DATA RECORD DUMP
PASS NUMBER TO START DUMP
PASS NUMBER TO STOP DUMP

LEVEL OF HEADER RECORD DUMP
LEVEL OF DATA RECORD DUMP.
PASS NUMBER TO START DUMP
PASS NUMBER TO STOP DUMP

- ALIGN PASSES SUCH THAT CHURCHILL-SUPERIOR
BOUNDARY IS AT 56 DEG. LATITUDE
- ARRAY BNDRY FOLLOWS (BNDRY(IPASS)=CSBLAT)

VARIABLE NUMBER TO BE SUMMED FOR AVG. TRACE
DEGREES LATITUDE FOR START OF SUM

MINUTES Y "
DEGREES LATITUDE FOR END OF SUM
MINUTES "

u H " ]

FIND AVG. OF PREVIOUSLY SUMMED TRACES

VAR.

NUMBER TO FILTER PRIOR TO STACK OR POLYFIT
AND AFTER UNILAT

SMALLEST WAVELENGTH (DEGREES LAT) TO PASS
LARGEST WAVELENGTH TO PASS

WRITE DIFF ARRAYS TO UNIT 7. (POLYNOMIAL FITS)

DIGITIZED DATA FOR PLOTTING CHURCHILL-SUPERIOR
BOUNDARY

DATA

DATA

DATA

DATA

FOR

FOR

FOR

FOR

FOLLOWING (10F7.1)

PLOTTING POLITICAL BOUNDARIES FOLLOWS
PLOTTING HUDSON BAY FOLLOWS
PLOTTING THE GREAT LAKES FOLLOWS

PLOTTING ST LAWRENCE AND GASPE FOLLOWS

C**DEFINE DEFAULT VALUES FOR INPUT DATA

C**

IX=1

IPFRST=1
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IPLAST=9999
IPNUM=0
LIHEAD=0
LIDATA=O
LOHEAD=0
LODATA=0O
ICALL=0
UNILAF=,FALSE.
IDUMPF=_,FALSE.
ODUMPF=,FALSE.
PLOTF=.FALSE.
FIXUPF=.FALSE.
CSBF=.FALSE.
PROVF=.FALSE.
BAYF=.FALSE.
RIVF=.FALSE.
LAKF=.FALSE.
FITF=.FALSE.
STACKF=,FALSE.
SUMF=.FALSE.
FILTF=.FALSE.
WRITEF=.FALSE.
KPFLAG=.FALSE.
STATF=.FALSE.
DO 100 I=1,300
100 SUM(1)=0.0 -
DO 101 I=1,3000
101 BNDRY(I1)=0.0

C**
CALL $DATE(DATIME)
WRITE(4,10) DATIME
WRITE(4, 12)
WRITE(4, 14)
c**
C**
C**
C XK o om o e e e o o e e e e o e e e o e e
C** READ IN
C**READ IN TITLE
C**
READ(5,23) ITITLE
C**
C**READ IN INPUT INFORMATION
C** :

200 READ(5,20) NAME,I1,I12,13,14,15,16
WRITE(4,16) NAME,I1,I2,13,14,15,16

Cx*
IF(NAME.EQ.NEND) GO TO 9000
IF(NAME.EQ.NRUN) GO TO 3000
IF(NAME.EQ.NSTACK) GO TO 8000
C**

IF (NAME.EQ.NFIXUP) GO TO 205
IF(NAME .EQ.NULAT) GO TO 210
IF(NAME .EQ.NFIT) GO TO 215
IF(NAME.EQ.NNPASS) GO TO 220
IF(NAME.EQ.NCSB) GO TD 225
IF (NAME.EQ.NIDUMP) GO TO 230
IF(NAME.EQ.NODUMP) GO TO 235
IF(NAME.EQ.NPLOT) GO TO 240
IF(NAME.EQ.NPOLIT) GO TO 245
IF(NAME.EQ.NHUDSN) GO TO 250
IF (NAME.EQ.NLAKES) GD TO 255
IF(NAME.EQ.NRIVER) GO TO 260
IF(NAME.EQ.NSUM) GO TOD 265



Cxx
C*k*

Cx*
C**
205

C**
210

C**
215

C*x
220

C**
225

C**
230

C**
235

Cx*
240

C**
245

IF(NAME.EQ.NFILTR) GO TO 270
IF(NAME .EQ.KPINDX) GO TO 275
IF(NAME .EQ.NWRITE) GO TO 280
IF(NAME .EQ.NSTAT) GO TO 285

ERRONEOUS INPUT
WRITE(6,91) NAME
GO TO 9000

FIXUPF=.TRUE.
RANGE=FLOAT(I1)
GO TO 200

UNILAF=.TRUE.
LINC=I1
GO TO 200

FITF=.TRUE.
MDEG=I1
Ivi=12
I1Y2=I3
Ivy3=14
IY4=15

GO TO 200

IPFRST=I1
IPLAST=12
IDONE=0

GO TO 200

READ(5,82) (CSBLNG(I),I

CSBF=.TRUE.
GO TO 200

LIHEAD=I1
LIDATA=12
NISTRT=1I3
NISTOP=14
GO TO 200

LOHEAD=I1
LODATA=I2
NOSTRT=I3
NOSTOP=14
GO TO 200

PLOTF=.TRUE.

IX=1I1

CALL PLOTS(IBUF,1)

CALL FACTOR(0.5)

CALL PLDT(0.0,-11.0,-3)
CALL PLDT(0.0,1.5,-3)
GO TO0 200

=1, 180)
READ(5,92) (CSBLAT(I),I=1,180)

READ(5,82)
READ(5,92)
READ(5,92)
READ(5,92)
READ(5,92)
READ(5,92)
READ(5,92)
READ(5,92)

(PBILNG(I),1I
(PB1LAT(I),
(PB2LNG(TI)
(PB2LAT(I)
(PB3LNG(1)
(PB3LAT(I)
(PB4LNG(1I)
(PB4LAT(I)

mweun wwuwn

o b e e
[ PR G IF G (I Q Gy
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READ(5,82) (PBSLNG(I),I1=1,2)
READ(5,92) (PBBLAT(I),I=1,2)
READ(5,92) (PBG6LNG(I),I=1,5)
READ(5,92) (PBGLAT(I),I=1,5)
PROVF=. TRUE.
GO TO 200

C**

250 READ(5,92) (BAYLNG(I),I=1,252)
READ(5,982) (BAYLAT(I),I=1,252)
BAYF=.TRUE.

GO TO 200
C**

255 READ(5,92) (SUPLNG(I),I=1,114)

READ(5,92) (SUPLAT(I),I=1,114)

LAKF=.TRUE.
GO TO 200
C* %

260 READ(5,82) (RIVLNG(I),I=1,107)
READ(5,92) (RIVLAT(I),I=1,107)
RIVF=.TRUE.

GO TC 200
Cxx

265 SUMF=_.TRUE.
ISVAR=I1
SSTART=FLOAT(12) + FLOAT(13)/60.
SUMEND=FLOAT(I4) + FLOAT(I5)/60.
NUMVEC=0
GD TO 200

Co**

270 FILTF=.TRUE.
IFVAR=I1
LAMSML =12
LAMBIG=I3
GO TO 200

C**

275 KPFLAG=.TRUE.
KPMIN=1I1
KPMAX=I2
GO TO 200

Cx* %

280 WRITEF=.TRUE.

GO TO 200
C**

285 STATF=.TRUE.
286 READ(5,21) II,BNDRY(II)
IF(II.NE.S999) GO TO 286

GO TO 200
C**
C** ————————————————————————————————————————————————————————————————————
Cx** PRINT
CH* RUN PARAMETERS
3000 CONTINUE
Cok*x
WRITE(6,10) DATIME
WRITE(6,12)
Cox*
C**PRINT INPUT INFORMATION
C**

WRITE(6,24) ITITLE
WRITE(E,30)

WRITE(6,32) IPFRST,IPLAST
WRITE(6,35) :
IF(FIXUPF) WRITE(G6,37) RANGE
IF(UNILAF) WRITE(6,31) LINC



IF(FITF) WRITE(6,38) MDEG

IF(FILTF) WRITE(6,41) LAMSML,LAMBIG

IF(STATF) WRITE(6,42)

IF(SUMF) WRITE(6,38) SSTART,SUMEND

Cx*
C**INITIALIZE SUBROUTINES AND VARIABLES
CH**
NLINE=O
EXITF=.FALSE.
DO 400 I=1,300
DIFF1(1)=0.0
DIFF2(1)=0.0
DIFF3(1)=0.0
400 DIFF4(1)=0.0

WRITE(6,50)
500 CONTINUE

C**

C**READ PASS HEADER FROM INPUT TAPE

C**
IF(IDONE.EQ.1) GD TD 200
CALL HTAPE(EXITF)
IF(EXITF) GO TD 8000
IF(IPASS.LT.IPFRST) GO TO 500
IF(IPASS.EQ.IPLAST) IDONE=1
IF(IPASS.GT.IPLAST) GO TO 200
IF( .NOT.KPFLAG) GO TO 501
KPA=ICONST(11)
KPD=ICONST(12)
WRITE(6,40) IPASS,KPA,KPD

IF(KPA.LT.KPMIN.OR.KPA.GT.KPMAX) GO TO

500

IF(KPD.LT.KPMIN.OR.KPD.GT.KPMAX) GO TO 500

501 CONTINUE
C**
C**
C**PRINT CONTENTS OF HEADER RECORD
C**
IDUMPH=LIHEAD

IF(IDUMPH.LT.LOHEAD)IDUMPH=LOHEAD

IF(IDUMPH.LE.O) GO TO 504

126

INITIALIZE

START PASS

IF (MPASS.GE.NISTRT.AND.MPASS.LE .NISTOP) CALL PRTHED(IDUMPH,NLINE)

504 CONTINUE

C*x*
C*xx
C**READ IN ONE COMPLETE PASS, STORE IN 2D ARRAY
Ok
IFLAG=0O
IP=0

510 IP=IP+1
CALL TREAD(ADUT(1,IP),&8999)

IF(ADOUT(1,IP).EQ.B88888.0) GO TO 515

GO TO 510
515 CONTINUE
NP=IP~-1
Cx*
C**FIXUP DATA IF REQUESTED
IF(FIXUPF) CALL FIXUP(30,RANGE)
ok

‘ADUT
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C**INTERPOLATE DATA TO UNIFORM INTERVAL IN LATITUDE

CHx
IF(UNILAF) CALL UNILAT(IX,LINC)
C**
NWVAR=30
Cx*
Cox*

DD 599 IP=1,NP
DO 516 IVAR=1,30
516 VAR(IVAR)=AOUT(IVAR,IP)
C**
C**INPUT DUM
C % * .
IF(MPASS.LT.NISTRT.OR.MPASS.GT.NISTOP) GO TO 522
IF(LIDATA.GT.Q0) CALL PRIDAT(LIDATA,NLINE,IP,NP)
522 CONTINUE

Cx*
C**ADD VARIABLES TO EACH POINT
C**
CALL ADDVAR
C**

C**PUT NEW VARIABLES IN AOUT
DD 530 IVAR=30,44

530 AOUT(IVAR,IP)=VAR(IVAR)
Cox*

C**QUTPUT DUMP
ok
IF(MPASS.LT.NOSTRT.OR.MPASS.GT.NOSTOP) GO TO 580
IF(LODATA.GT.0) CALL PRODAT(LODATA,NLINE,IP,NP)
580 CONTINUE
C* %
589 CONTINUE

T END OF PASS
C*x* CALCULATE AND SUBTRACT POLYNOMIAL FIT IF REQUESTED
C**
IF(.NOT.FITF) GO TO 610
IF(IY1.GT.0) CALL POLY(IX,IY{,MDEG,DIFF1)
IF(IY2.GT.0) CALL POLY(IX,IY2,MDEG,DIFF2)
IF(IV3.GT.0) CALL POLY(IX,IY3,MDEG,DIFF3)
IF(IY4.GT.0) CALL POLY(IX,IY4,MDEG,DIFF4)
610 CONTINUE

C**
IF(.NOT.WRITEF) GO TD 620
WRITE(7,70) IPASS,.NP,(ITITLE(I),I=1,15)
WRITE(7,71) (ADUT(IX,I),AQUT(2,I),DIFF1(1),DIFF2(I),DIFF3(I),
& DIFF4(I),I=1,NP)
620 CONTINUE
C**

DO €25 1I=1,NP

ADUT(45,1)=DIFF1(I)

ADUT(46,1)=DIFF2(I)

AOUT(47,1)=DIFF3(I)

ABUT(48,1)=DIFF4(1)
625 CONTINUE

% *

Cx*x FILTER IF REQUESTED
IF(.NOT.FILTF) GO TO 604
IF(ICALL.GT.0) GO TO 601
ICALL=1
FREQLO=1./FLOAT(LAMBIG)
FREQHI=1./FLOAT(LAMSML)
DIGI=FLOAT(LINC)/60.
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CALL BNDPAS(FREQLO,FREQHI,DIGI,FCOEF,FGAIN)
601 CONTINUE
DO 602 I=1,NP
602 VECT(1)=ADUT(IFVAR,I)
CALL FILTER(VECT,NP,FCDEF,FGAIN)
DO 803 I=1,NP
603 AOUT(IFVAR,I)=VECT(I)
604 CONTINUE

C**

C** APPLY STATIC CORRECTIONS IF REQUESTED
IF(.NOT.STATF) GO TO 615
CSBNDR=BNDRY (IPASS)

IF(CSBNDR.EQ.0.) GD TO 615
DIGI=FLOAT(LINC)/60.
DO 611 I=1,NP

611 VECT(I)=AOUT(1,1I)
CALL STATIC(VECT,NP,CSBNDR,DIGI)
DO 612 I=1,NP

612 ADUT(4,1)=VECT(I)

615 CONTINUE

C**

C** SUM FOR STACKED TRACE IF REQUESTED
IF(.NOT.SUMF) GO TO 606
DO 605 I=1,NP

605 VECT(I)=ADUT(ISVAR,I)
VSTART=AOUT(IX, 1)
VEND=ADQUT(IX,NP)
DIGI=FLOAT(LINC)/60.
CALL STACK(VECT,VSTART,VEND,SUM,SSTART, SUMEND,DIGI,NUMVEC,LENGS)
606 CONTINUE

IF(.NOT.PLOTF) GO TO 500
C CALL PLOTTR(4,1,45,ITITLE)
c CALL PLOTTR(6,1,41,ITITLE)
c CALL PLOTTR(6,1,42,ITITLE)
C CALL PLOTTR(6,1,43,ITITLE)
c CALL PLOTTR(6,1,44,ITITLE)
C CALL PLOTTR(1,1,1,ITITLE)
c CALL PLOTTR(5,2,1,ITITLE)
CALL PLOTTR(7,IX,44,ITITLE)

GO TO 500
C**
C** CALCULATE AND PLOT STACKED TRACE
8000 CONTINUE
READ(5,23) ITITLE
DO 801 I=1,LENGS
ADUT(49,1)=SSTART + (I-1)*DIGI
801 ADUT(50,1)=SUM(I)/FLOAT(NUMVEC)
NP=LENGS
WRITE(7,72) ITITLE
WRITE(7,73) (AOUT(48,1),A0UT(50,1),1=1,NP)
CALL PLOTTR(4{,1,1,ITITLE)
CALL PLOTTR(4,49,50,ITITLE)
GO TO 200
9999 WRITE(6,90)
9000 CONTINUE
CALL PLOT(12.0,0.0,999)
10 FORMAT(///* ‘,45X, 'DEPT. OF EARTH SCIENCES, UNIV. OF MANITOBA’,
1 5X,7A4//)
12 FORMAT(’ ‘,56X, ‘*** PROGRAM MAGPLOT *xx’///})
14 FORMAT(///' ‘'.56X, INPUT DATA CARDS’///
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1 s 4 27X, CONTROL WORD’,1X, ==--=-e==—ommmeme PARAMETERS ---
2= m oo /)

23 FORMAT(20A4)

24 FORMAT(//’ *,20X,/TITLE:- ‘,204A4)

16 FORMAT(’ ’,32X,A8,616)

20 FORMAT(A8,616)

21 FORMAT(14,F4.1)

30 FORMAT(’ * //,' /,56X,’RUN PARAMETERS'///)

31 FORMAT(’ ’,10X,’/LATITUDE INTERVAL‘,14X,15,’ MINUTES’)

32 FORMAT(//’ ‘,10X,’PASSES’,I5,’ TO’,15)

35 FORMAT(’ /, 10X, ==m-meom——re e mm— e e e - PROCESSING OPTIONS ------

37 FORMAT(’ ‘, 10X, ’'FIXUP RANGE’, 18X,F7.2,’ NANOTESLA’)
38 FORMAT(’ ’,10X, POLYNOMIAL FIT OF DEGREE’,5X,I4,3X,’SUBTRACTED’)
39 FORMAT(’ ’,10X,’PROFILES STACKED BETWEEN’,F7.2,’ AND’,F7.2,
& / DEGREES LATITUDE’)
40 FORMAT(’ ‘/,5X,’PASS’,I5,’ ;/,5X,’AKP =’,13,5X,’DKP =’,13)
41 FORMAT(’ ’, 10X, ’BUTTERWORTH BANDPASSED FILTERED: PASSBAND’,
& 14,/ TO’,I4,’ DEGREES LATITUDE’)
42 FORMAT(’ ’,10X, STATIC CORRECTIONS APPLIED’)
70 FORMAT(214,4X, 15A4)
71 FORMAT(6F7.2)
72 FORMAT(20A4)
73 FORMAT(2F7.2)
50 FORMAT(’1’)
90 FORMAT(’ /,20X,’** EOF ENCOUNTERED WHILE READING DATA RECORD **’)
91 FORMAT(’ /,20X, *** NAME ’,A8,’ NOT RECOGNIZED ***’)
92 FORMAT(10F7.1)
STOP
END
SUBROUTINE HTAPE(EXITF)
C**
o2 N
Cxx
Cx*, SUBROUTINE HTAPE
C**' .
Cxx READS PASS HEADER RECORDS FROM INPUT TAPE
Cxx
Cox*
Cx*

COMMON/HEADER/ MPASS,MJD, IPASS,HCONST(18),NRECH,NPOINT,DST(12),
* MODELF(3),TZERD, ABAR,FEXT(3),COMM(30),GH(289),GHT(196)
LOGICAL EXITF

DOUBLE PRECISION TIME

C**
DIMENSION A(30)
DIMENSION IA(30)
EQUIVALENCE(IA(1),A(1))

C**

C**

C**

100 CALL TREAD(A,&2000)
IF(A(1).NE.999998.0) GO TO 100

C**
C** ————————————————————————————— T b L R P
Cx* RECORD 14
MPASS=IA(2)
MJUD=IA(3)

IPASS=IA(4)
DO 110 I=1,18
110 HCONST(I)=A(I+4)
NRECH=IA(23)
NPOINT=IA(24)
C**



CALL TREAD(A,&2000)
DO 200 I=1,12
DST(I)=A(I)
MODELF(1)=IA(13)
MODELF(2)=IA(14)
MODELF(3)=IA(15)
TZERO=A(16)
ABAR=A(17)
FEXT(1)=A(18)
FEXT(2)=A(19)
FEXT(3)=A(20)

CALL TREAD({A,&2000)
DO 300 I=1,30
COMM(I)=A(I)

I1=0

DO 400 I=1,9

CALL TREAD(A,&2000)
DO 410 J=1,30
TI=I1+1

GH(II)=A(J)
CONTINUE

CONTINUE

CALL TREAD(A,&2000)
DO 420 I=1,19
TI=T1+1

GH(II)=A(I)
CONTINUE

I11=0

DO 500 I=1,6

CALL TREAD(A,&2000)
DO 510 J=1,30
II=II+1
GHT(II)=A(U)
CONTINUE

CONTINUE

CALL TREAD(A,&2000)
DO 520 I=1, 16
II=11+1
GHT(II)=A(I)
CONTINUE

RETURN

CONTINUE

RECORD 2

RECORDS 4 TO 12

RECORD 13

RECORDS 14 TO 18

RECORD 20

DONE READING HEADER
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EXITF=.TRUE.
WRITE(6,99) IPASS

RETURN
C**
9999 CONTINUE
C**
C**COME HERE IF END OF PASS ENCOUNTERED
C**

WRITE(6,10) IPASS

EXITF=.TRUE.
C**

10 FORMAT(///’ *,10X, *¥**** END OF PASS ENCOUNTERED WHILE READING ’,
& ’'HEADER RECORD FOR PASS ’,14)

99 FORMAT(///’ ’,10X,’END OF INPUT TAPE ENCOUNTERED WHILE LOOKING ’,
& ‘FOR HEADER RECORD AFTER PASS ‘,14)

RETURN
END
SUBROUTINE PRTHED(LEVEL,NLINE)
C**
O e e e e e e e e e
Cx*
Cx* SUBROUTINE PRTHED
CH*,
Cx*, PRINTS SOME OR ALL OF THE HEADER RECORD
C**
CF K i e e e e e e
C**
COMMON/HEADER/ MPASS,MJUD, IPASS,HCONST(48),NRECH,NPOINT,DST(12),
* MODELF(3),TZERDO,ABAR,FEXT(3),COMM(30),GH(288),GHT(196)
C**
DIMENSION ASC(2),DSC(2),MSEC(2),ALTM(2),ALONG(2) ,KP(2),GSM(8)
C**
EQUIVALENCE(HCONST(1),ASC(1))
EQUIVALENCE(HCONST(3),DSC(1))
EQUIVALENCE(HCONST(5),MSEC(1))
EQUIVALENCE(HCONST(7),ALTM(1))
EQUIVALENCE (HCONST(S),ALONG(1))
EQUIVALENCE(HCONST(11),KP(1))
EQUIVALENCE (HCONST(13),GSM(1))
C**
EQUIVALENCE(MODELF(1),NMAX)
EQUIVALENCE (MODELF(2),NMAXT)
EQUIVALENCE(MODELF(3),MODEXT)
C**
C**
Cx* NLINE - CURRENT OUTPUT PAGE LINE NUMBER
Cx** LEVEL - DETERMINES LENGTH OF DUMP
C**
GO TO (1000, 2000, 3000,4000,5000), LEVEL
C**
1000 CONTINUE
C*x*x
C**SHORT PRINTOUT
C**
IF(NLINE.GT.52)NLINE=0
IF(NLINE.EQ.O)WRITE(6, 100)
WRITE(6,10) MPASS,MJD,IPASS,ASC,DSC,MSEC,ALTM, ALONG,KP
NLINE=NLINE+8
GO TD 9000
Cxx

2000 CONTINUE
IF(NLINE.GT.51)NLINE=0
IF(NLINE.EQ.Q)WRITE(6, 100)
WRITE(6,20) MPASS,MJUD,IPASS,ASC,DSC,MSEC, ALTM, ALONG,KP, COMM



C**

NLINE=NLINE+S
GO TO 8000

3000 CONTINUE

C*x*

IF(NLINE.GT.49)NLINE=0

IF(NLINE.EQ.QO)WRITE(6, 100)
WRITE(6,30)MPASS,MJD,IPASS,ASC,DSC,MSEC, ALTM, ALONG,KP,GSM,DST,COMM
NLINE=NLINE+11

GO TO 8000

4000 CONTINUE

Co**

IF(NLINE.GT.47)INLINE=O

IF(NLINE.EQ.O)WRITE(6, 100)

WRITE(6,40) MPASS,MJD,IPASS,ASC,DSC,MSEC,ALTM,ALONG,KP,GSM,DST,
1 NMAX ,NMAXT ,MODEXT,TZERO, ABAR, FEXT , COMM
NLINE=NLINE+13

GO TC 9000

5000 CONTINUE

Cox*

IF(NLINE.NE.Q)WRITE(6, 100)

WRITE(6,50) MPASS,MJD,IPASS,ASC,DSC,MSEC,ALTM, ALONG,KP,GSM,DST,
1 NMAX , NMAXT ,MODEXT, TZERO, ABAR, FEXT,COMM, GH, GHT
NLINE=61

9000 CONTINUE

C*x*x

IF{NLINE.GT.60) NLINE=0O

-

10 FORMAT(////* *,’MPASS’,I4,‘; MJ DAY=',I5,’; PASS=’, 614,
*/; ASCE=’,F8.2,’; ASCI=’',F8.2,’; DSCE=',F8.2,’; DSCI=’,F8.2/
*/ 44X, AMSEC=‘,110,’; DMSEC=‘/,110,’; ALMST=',F8.2,’; DLMST=’,
*F8.2,‘; ALONG=‘,F8.2,’; DLONG=',F8.2,’; AKP=’,I3,’; DKP=',13/)

20 FORMAT(////‘’ ',’MPASS’,I4,’; MJ DAY=’,15,’; PASS=’,I4,
*/; ASCE=’,F8.2,’; ASCI=’,F8.2,’; DSCE=’',F8.2,’; DSCI=’,F8.2/
¥/ 44X, AMSEC=’,110,’; DMSEC=',110,’; ALMST=’,F8.2,’; DLMST=’,
*F8.2,’; ALONG=’,F8.2,’; DLONG=’,F8.2,’; AKP=',I8,’; DKP=’,13/
* /1 ,30A4/) ,

30 FORMAT(////’ ’,’MPASS’,I4,’; MJ DAY=‘,I5,’; PASS=’,I4,
*/:; ASCE=’,F8.2,’; ASCI=’,F8.2,’; DSCE=',F8.2,’; DSCI=’',F8.2/
¥/ 44X, *AMSEC=,110,’; DMSEC=’,I10,’; ALMST=’,FB.2,’; DLMST=’,

*F8.2,7; ALONG=’,F8.2,’; DLONG=’,F8.2,’; AKP=/,I13,’; DKP=’,13/
* © /,’GSM; ‘,6F15.5/

* © /,'DST; ’,12F10.5/
* ‘' 1,30A4/)
40 FORMAT(////’ ’,'MPASS’,I14,’; MJ DAY=’ ,I5,’; PASS=’,I4,
*/. ASCE=‘,F8.2,’; ASCI=’,F8.2,’; DSCE=',F8.2,’; DSCi=’,F8.2/
*/ ¢ 4X,’AMSEC=’,110,’; DMSEC=’,I110,’; ALMST=’,F8.2,’; DLMST=',
*F8.2,’; ALONG=',F8.2,’; DLONG=’,F8.2,’; AKP=’,I3,’; DKP=’,I13/
* /7 ,’GSM; ' ,6F15.5/
* 4 4,’DST; ‘,12F10.5/
* f 4, /NMAX=",13,"’ NMAXT=*,13," MODEXT=",1I3,
* ‘ TZERO=’,F10.4," ABAR=‘,F10.4/
x © /,’EXTERIOR FIELD COEFF.’,3F15.5/
* © /,30A4/)
50 FORMAT(////’ ' ,’MPASS’,I4,’; MJ DAY=',I5,’; PASS=’,I4,
*x/. ASCE=’,F8.2,’; ASCI=’/,F8.2,’; DSCE=',F8.2,’; DSCI=',F8.2/

¥/ 44X, AMSEC=’,110,’; DMSEC=’,I10,’; ALMST=’,FB.2,’; DLMST=',

*F8.2,7; ALONG=’,F8.2,‘; DLONG=’,F8.2,‘; AKP=’,13,’; DKP=’,13/
* /' ’',’GSM; ‘,6F15.5//

* /7 ,'DST; ‘,12F10.5//

* o/, 'NMAX= 13, NMAXT=/,13, "’ MODEXT=’,13,

* ! TZERO=',F10.4," ABAR=',F10.4//

* ‘ ¢, ’EXTERIOR FIELD COEFF.’,3F15.5//

* * 1,30A4/// '

* s I kkkkx GH  kkkkk [/



*
*

O AT(ITRT A )
/// [ AL GHT *%kxx/ /
©r A4 (14FT 1/ 1))

100 FORMAT(’ 1)
RETURN

C**

C % *

C**

C**x

Co**
1000

END

SUBROUTINE PRIDAT(LEVEL,NLINE,IP,NP)

SUBROUTINE PRIDAT

PRINTS SOME OR AL OF THE INPUT DATA RECORD

COMMON/VARBLS/ VAR(100),NWVAR

DIMENSION RDAT(10,50)
DIMENSION IDAT(10,50)
DIMENSION JVAR(100)

EQUIVALENCE(RDAT(1,1),IDAT(1,1))

EQUIVALENCE (VAR(1),JVAR(1))

DOUBLE PRECISION VNAME(50)

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

UNAME(1)/’LAT’/

VNAME (2)//LONG’ /
VNAME(3)//RADIUS '/
VNAME (4)//MLT "/
VNAME(5)/INV LAT’/
VNAME(6)/'DIP LAT’/
VNAME(7)/’/SC FIELD’/
VNAME(8)//VE FIELD’/
VNAME(8)/’X COMP‘/
VNAME(10)/’Y COMP’/
VNAME(11)//2 comp’/
VNAME(12)/’AV FIELD’/
VNAME(13)//AVG X/
VNAME(14)//AVG Y‘/
VNAME(15)/’AVG 2/
VNAME(16)/’V FLD SD‘/
VNAME(17)/’X COM SD’/
VNAME(18)/’Y COM SD’/
VNAME(19)/°Z COM SD’/
VNAME (20)//MODL FLD’/
VNAME(21)//MODEL X'/
VNAME(22)//MODEL Y’/
VNAME(23)/’/MODEL 2/
VNAME(24)//ATT QUAL’/
VNAME(25)//MJ DAY’/
VNAME(26)//UT MSEC’/
VNAME (27)//UT HOUR’/
VNAME (28)//GLAT’/
VNAME(28)//ALT "/

GO TO (1000,2000,3000),LEVEL

CONTINUE
IF(IP.GT. 1)RETURN
IF(NLINE.GT.56)NLINE=0O
IF(NLINE.EQ.O) WRITE(6&,500)
WRITE(6, 10)

133
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WRITE(6,11) IP,(VAR(I),I=1,15)
NLINE=NLINE+4
RETURN
C**

2000 CONTINUE
IF(IP.GT.1) RETURN
IF(NLINE.GT.52) NLINE=0
IF(NLINE.EQ.O) WRITE(&,500)
WRITE(G, 10)
WRITE(6,11) IP,(VAR(1),I=1,15)
WRITE(6,20)
WRITE(6,21) (VAR(I),1=16,24),JVAR(25),JVAR(26),(VAR(U),d=27,29)
NLINE=NLINE+8
RETURN

C**

3000 CONTINUE
IF(IP.EQ.1) IPP=0
IPP=IPP+1
DO 300 J=1,28

300 RDAT(IPP,U)=VAR(Y)
IF(IP.LT.NP.AND.IPP.NE.10) RETURN
IF(NLINE.GT.37)NLINE=0O
IF(NLINE.EQ.C) WRITE(6,500)
WRITE(6,30)
DO 310 JU=1,29
IF(J.NE.25.AND.J.NE.26)WRITE(6,31) J,VNAME(J),{(RDAT(1,J),I=1,IPP)
IF(J.EQ.25.0R.J.EQ.26) WRITE(6,32) J,VNAME(U), (IDAT(I,J),

*1=1,IPP)
310 CONTINUE
1PP=0
NLINE=NLINE+23
C*xx
CH**x

10 FORMAT(/‘ /,’POINT LAT LONG RADIUS MLT I LAT D LAT SCL FLD’
*,/ VCT FLD X COMP Y COMP Z COMP AVG FLD AVG X AVG Y '
x4 AVG Z2') ‘

11 FORMAT(’ ’,14,1X,F6.2,F7.2,F8.2,3F6.2,9F9.2)

20 FORMAT(/’ /,5X,’” V SD X SD VY SD Z SD MODEL FLD MODEL X MODEL',
*/ Y MODEL Z ATT QUAL MJ DAY DAY MSEC HOUR  COLAT RAD DIST’)

21 FORMAT(’ ’/,5X,4F6.2,4F9.2,F10.7,16,110,F7.3,2F8.2//)

30 FORMAT(/ /, /=== s e e o e e e e e e e e

e */’ *,’INPUT DATA’,8X,’1’,10X,“2’/,10X,"3/,10X, “4’,10X,
*’5/,10X,’67,10X,’7’,10X, '8/, 10X, ’9’,10X, " 10'/)
31 FORMAT(’ ’,I12,2X,A8,10F11.4) ‘
32 FORMAT(’ ‘,I12,2X,A8,10I11)
500 FORMAT(‘1/)
RETURN
END
SUBROUTINE PRODAT(LEVEL,NLINE,IP,NP)

C**: SUBROUTINE PRODAT

C**: PRINTS SOME OR AL OF THE OUTPUT DATA RECORD
COMMDON/VARBLS/ VAR(100),NWVAR
DIMENSION RDAT(10,50)

DIMENSION IDAT(10,50)
DIMENSION JVAR(100)



C* %

Cx*

C* %

CHx

C**
1000

C**
2000

Cx*
3000

300

310
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EQUIVALENCE(RDAT(1,1),IDAT(4,1))
EQUIVALENCE(VAR(1),JVAR(1))

DOUBLE PRECISION VNAME(50)

DATA VNAME(25)//MJ DAY’/
DATA VNAME(26)//UT MSEC’/
DATA VNAME(27)//UT HOUR’/
DATA VNAME(28)//GLAT’/
DATA VNAME(28)//ALT’/

DATA VNAME(30)/'KP‘/

DATA VNAME(31)/'X IMF’/
DATA VNAME(32)/'Y IMF’/
DATA VNAME(33)/’Z IMF’/
DATA VNAME(34)/°'DST’/

DATA VNAME(35)//MPASS‘/
DATA VNAME(36)//IPASS’/ -
DATA VNAME(37)//TOT ANOM’/
DATA VNAME(38)/’X ANOMLY’/
DATA VNAME(38)/’Y ANOMLY’/
DATA VNAME(40)/’Z ANOMLY'/
DATA VNAME(41)//AVG ANOM’/
DATA VNAME(42)/7AVX ANOM’/
DATA VNAME(43)/’/AVY ANOM’/
DATA VNAME(44)//AVZ ANOM’/ .

GO TO (1000,2000,3000),LEVEL

CONTINUE

IF(IP.GT.1)RETURN

IF(NLINE.GT.56)NLINE=0

IF{NLINE.EQ.0O) WRITE(&,500)

WRITE(6, 10)

WRITE(6,11)IP,JVAR(25),UVAR(26), (VAR(I),1=27,34),JVAR(35),JVAR(36)
NLINE=NLINE+4

RETURN

CONTINUE

IF(IP.GT.1) RETURN

IF(NLINE.GT.52) NLINE=O

IF(NLINE.EQ.O) WRITE(6,500)

WRITE(6, 10)

WRITE(6,11)IP,JVAR(25),JVAR(26), (VAR(I),1=27,34),JVAR(35),JVAR(36)
WRITE(6,20)

WRITE(6,21) (VAR(1),1=37,44)

NLINE=NLINE+8

RETURN

CONTINUE
IF(IP.EQ.1) IPP=0O

IPP=IPP+1

DO 300 J=25,44

RDAT(IPP,J)=VAR(J)

IF(IP.LT.NP.AND.IPP.NE.10) RETURN

IF(NLINE.GT.37)NLINE=0O

IF(NLINE.EQ.QO) WRITE(6,500)

WRITE(6,30)

DO 310 J=25,44
IF(JU.NE.25.AND.J.NE.26.AND.J.NE.35.AND.JU.NE.36)WRITE(6,31)J,
*  VNAME (J), (RDAT(I,J),I=1,1PP)
IF(J.EQ.25.0R.J.EQ.26.0R.J.EQ.35.0R.J.EQ.36) WRITE(6,32)J,

*  VUNAME(J), (IDAT(I,J),I=1,1IPP)

CONTINUE
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IPP=0
NLINE=NLINE+23
C**
C**
10 FORMAT(/’ ’/,'PDINT MJ DAY DAY MSEC HOUR COLAT RAD‘,
* / DIST KP INTERPL X INTERPL Y INTERPL Z ’
* ‘DST MPASS IPASS’)
14 FORMAT(’ ’,14,1X,2110,F10.3,7F10.2,2110)
20 FORMAT(/’ *,’ TOTAL-MODEL X-MODEL Y-MODEL Z-MODEL AVG-',
* /MODEL AVX-MODEL AVY-MODEL AVZ-MODEL’)

21 FORMAT(’ ’,5X,8F10.2//)

B0 FORMAT(/ 7,/ === === o oo oo o e

Hom e /¢ 4, ’OUTPUT DATA’,7X,’1/,10X,’2,10X,’3/,10X, ‘4", 10X,
*/5/ 40X, ’6/,10X,’7/,10X,’8/,10X,’9’,10X,’ 10" /)

31 FORMAT(’ /,12,2X,A8,10F11.4)

32 FORMAT(’ /,12,2X,A8,10I11)

500 FORMAT(’1’)

RETURN
END
SUBROUTINE FIXUP(NWVAR,RANGE)
C* %
C K i e e e e e e e e e e e e e e e e e e e
Cx* | FIXUP DATA
CH**
Cx*, REPLACE ERRONEOUS SCALAR DATA ‘
C*x*, DELETE POINTS LACKING AVG. VECTOR DATA
Cx**
O e e e e e e e e e e e e e e e e e e e e e e e e e
C**
COMMON/MAGOUT/ AQUT(50,300),NP
C* %
INEW=0
DO 400 IP=1,NP
C k%
C**RANGE TEST
CH*
TEST=ABS(AQUT(12,1IP)-ADUT(20,1P))
IF(TEST.GT.RANGE) AOUT(12,1IP)=99999.
Cx**
C**REPLACE MISSING SCALAR DATA WITH AVG. VECTOR DATA
C**
IF(AOUT(7,IP).EQ.99999.) AQUT(7,IP)=A0UT(12,1IP)
C* %
C**REMOVE POINT IF NO AVERAGE VECTOR DATA
Cx*
IF(ADUT(12,IP).EQ.99999.0) GO TO 400
Cxx

INEW=INEW+1
DO 350 IVAR=1,NWVAR
350 AQUT(IVAR,INEW)=A0OUT(IVAR,IP)

Cox*
400 CONTINUE
C* %
NP=INEW
k%
RETURN
END
SUBROUTINE UNILAT(IX,LINC)
C**
L0
CHxx SUBROUTINE UNILAT
Coox, UNIFORM LATITUDE SPACING

C*ox
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CHx*, COMPUTES THE DATA VALUES FOR EACH VARIABLE

Cxx, IN ONE COMPLETE PASS FOR A UNIFORM LATITUDE

Cxx, SPACING.

Cxx A MODIFIED CUBIC SPLINE PROCEEDURE IS USED

Cx*,
L
C %k

COMMON/MAGOUT/ ADUT(50,300),NP
DIMENSION X(300),Y(300),U(300),V(300)
DIMENSION IAOUT(50,300)
EQUIVALENCE(AQUT(1,1),IA0UT(1,1))

C**
Cxx* DEFINITIONS OF VARIABLES
Cx* IX - VARIABLE NUMBER OF "LATITUDE" TO USE 1,5, OR 6
Cx* LINC - LATITUDE INCREMENT (MINUTES)
C* %
C %
XMAX=A0UT(IX, 1)
XMIN=XMAX
BEGLAT=AOUT(IX, 1)
ENDLAT=ADUT(IX,NP)
%ok
C**
DO 100 IP=1,NP
I=1IP
IF(ENDLAT.LT.BEGLAT) I=NP-IP+1{ .

X(I)=A0UT(IX,IP)
IF(X(I).LT.XMIN) XMIN=X(I)
IF(X(I).GT.XMAX) XMAX=X(I)
100 CONTINUE
C**
ALINC=FLOAT(LINC)/60.
IXLOW=XMIN/ALINC
XLOW=( IXLOW+1)*ALINC
IXUP=XMAX/ALINC
XUP=IXUP*ALINC
NCHS=0
DO 200 IP=1,300
XX=XLOW+(IP-1)*ALINC
IF(XX.GT.XMAX) GO TO 250
NCHS=NCHS+1
U(NCHS ) =XX
ADUT(IX,NCHS)=XX
200 CONTINUE
CHx*x
250 CONTINUE
IF(NCHS.EQ.0) RETURN
C**
DD 400 IVAR=1,30
IF(IVAR.EQ.24.0R.IVAR.EQ.25.0R.IVAR.EQ.IX) GD TOD 400
C** .
DO 300 IP=1,NP
I=IP
IF(ENDLAT.LT.BEGLAT) I=NP-IP+1
Y(I)=AOUT(IVAR,IP)
IF(IVAR.EQ.26) Y(I)=FLOAT(IAOUT(IVAR,IP))/10.
300 CONTINUE
C*x
CALL INTERP(X,Y,NP,U,V,NCHS)
C**
DO 350 IP=1,NCHS
ADUT(IVAR,IP)=V(IP)
IF(IVAR.EQ.26) IAOQUT(IVAR,IP)=V(IP)*10.
350 CONTINUE
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C**
400 CONTINUE
C**
NP=NCHS
C**
RETURN
END
SUBROUTINE ADDVAR
C**
CM K e
Cx*
CH* SUBROUTINE ADDVAR
CHx |
Cxx COMPUTE AND ADD SOME ADDITIONAL VARIABLES
Cx* TO EACH POINT
C**
o, e e e
C**
COMMON/VARBLS/ VAR(100),NWVAR
COMMON/HEADER/ MPASS,MJD,IPASS,HCONST(18),NRECH,NPOINT,DST(12),
* MODELF(3),TZERO,ABAR,FEXT(3),COMM(30),GH(289),GHT(196)
C*x*
DIMENSION JVAR(100)
DIMENSION ASC(2),DSC(2),MSEC(2),ALTM(2),ALONG(2),KP(2),GSM(6)
C**
DOUBLE PRECISION VNAME
EQUIVALENCE (VAR(1),JvAR(1))
EQUIVALENCE (HCONST(1),ASC(14))
EQUIVALENCE (HCONST(3),DSC( 1))
EQUIVALENCE (HCONST(5) ,MSEC(1))
EQUIVALENCE (HCONST(7),ALTM(1))
EQUIVALENCE (HCONST(S),ALONG( 1))
EQUIVALENCE (HCONST(11) ,KP(1))
EQUIVALENCE (HCONST{(13),GSM(1))
DOUBLE PRECISION TIMEA,TIMED,TIMEC, FRAC
C** .

C**NOTE:~ TIMES ‘MSEC(1)’ OR ‘MSEC(2)‘’ MAY BE UNDEFINED AND SET
C** TO -99888

C**
TIMEA=DFLDAT(MSEC(1))
TIMED=DFLOAT(MSEC(2))
TIMEC=DFLOAT(JUVAR(26))
FRAC={TIMEC-TIMEA)/(TIMED-TIMEA)

C**

Cx*

.C**KP INDEX

C*x*x
AKP=FLOAT(KP(1))
DKP=FLOAT{(KP(2))
IF(AKP.LT.0.0R.AKP.GT.40.0) AKP=DKP
IF(DKP.LT.0.0OR.DKP.GT.40.0) DKP=AKP
CKP=AKP+(DKP=AKP)*FRAC
KPC=CKP+0.5
VAR(30)=FLDAT(KPC)

C**

C**INTERPLANETARY MAGNETIC FIELD

C**

AGSMX=GSM( 1)
DGSMX=GSM(2)
AGSMY=GSM(3)
DGSMY=GSM(4)
AGSMZ=GSM(5)
DGSMZ=GSM(6)
IF(AGSMX.EQ.99999.) AGSMX=DGSMX



C*xx*

IF(DGSMX.EQ.99999.) DGSMX=AGSMX
IF(AGSMY .EQ.98999.) AGSMY=DGSMY
IF(DGSMY.EQ.99998.) DGSMY=AGSMY
IF(AGSMZ .EQ.99998.) AGSMZ=DGSMZ
IF(DGSMZ .EQ.99999.) DGSMZ=AGSMZ
VAR(31)=AGSMX+(DGSMX-AGSMX ) *FRAC
VAR(32)=AGSMY+{DGSMY~AGSMY ) *FRAC
VAR(33)=AGSMZ+(DGSMZ-AGSMZ ) *FRAC

C**DST

C*%

C**NOTE: - INTERPOLATING DST USING CALCULATED VALUE AT NODES
C**THIS MAY NOT BE CORRECT PROCEEDURE

Cx*

Cokx

C*xx*

Cox*

Cx*
C*x*

Corok |
Cxx*

ADST=DST(11)

DDST=DST(12)
IF(ADST.EQ.999998.) ADST=DDST
IF(DDST.EG.99999.) DDST=ADST
VAR(34)=ADST+(DDST-ADST)*FRAC

JVAR(35)=MPASS

JVAR(36)=IPASS

VAR(37)=VAR(8)-VAR{(20)

VAR(38)=VAR(8)-VAR(21)

VAR(39)=VAR(10)-VAR(22)

VAR(40)=VAR(11)-VAR(23) )
VAR(41)=VAR(12)-VAR(20)

VAR(42)=VAR(13)-VAR(21)

VAR(43)=VAR(14)~VAR(22)

VAR(44)=VAR(15)-VAR(23)

IF(VAR(8).EQ.99999. .0R.VAR(20).EQ.99999.) VAR(37)=99999.
IF(VAR(9).EQ.99998. .0R.VAR(21).EQ.99999.) VAR(38)=99899.
IF(VAR(10).EQ.99989. .0R.VAR(22).EQ.99999.) VAR(39)=999989.
IF(VAR(11).EQ.99999. .0R.VAR(23).EQ.99899.) VAR(40)=99999,
IF(VAR(12).EQ.99989. .0R.VAR(20).EQ.99998.) VAR(41)=99999.
IF(VAR(13).EQ.99999..0R.VAR(21).EQ.898998.) VAR(42)=99983.
IF(VAR(14).EQ.99999. .0R.VAR(22).EQ.99999.) VAR(43)=99898.
IF(VAR(15) .EQ.99999. .0R.VAR(23).EQ.998998.) VAR(44)=99989.

N’ N N N’ S e

NWVAR=44

RETURN
END
SUBROUTINE INTERP(X,Y,L,U,V,N)

SUBROUTINE INTERP
SMOOTH INTERPOLATION

Cx*,

Cxx
Cxx* |
Cxx |
CHx |

INTERPOLATES THE VALUE OF THE FUNCTION ‘Y’
(DEFINED AT LOCATIONS ‘X’, DIMENSION ‘L‘)
FOR THE LOCATIONS STORED IN ‘U’,DIMENSION ‘N’
THE QUTPUT IS STORED IN 'V’

Cxx |

Cxx*,

REF:- AKIMA H, COMM OF ACM, VOL 15 1872, P9i4

Cxx*,

Coxx
C*xx

Co¥x
C*%
Coxx
Cx*
C*x

C*x*THE INPUT PARAMETERS ARE
X_

ARRAY OF DIMENSION L STORING THE X VALUES
OF INPUT DATA POINTS (IN ASCENDING ORDER)
Y - ARRAY OF DIMENSION L STORING THE Y VALUES
(ORDINATES) OF INPUT DATA POINTS
L - NUMBER OF INPUT DATA POINTS )

139
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Cxx* (MUST BE 2 OR GREATER)

C*x* U ARRAY OF DIMENSION N STORING THE X VALUES
C*x (ABSCISSAS) OF DESIRED POINTS

Cx* N - NUMBER OF POINTS AT WHICH INTERPOLATION OF
Cx* THE Y VALUE IS DESIRED

C** (MUST BE 1 OR GREATER)

Cx*

C**THE OUTPUT PARAMETER IS

C%ox

C** V - ARRAY OF DIMENSION N WHERE THE INTERPOLAYED
Cxx Y VALUES (ORDINATES) ARE TO BE DISPLAYED
CH

DIMENSION X(300),Y(300),U(300),V(300)
LOGICAL INTEG
REAL M1,M2,M3,M4,N5,M24, M35

DATA 1U/6/
C**

v(1)=0.0

INTEG=.FALSE.

IF(N.LT.1) INTEG=.TRUE.

LPI={+1
C**CHECKS
Cox*x

IF(INTEG) N=L-1

IF(L-2) $0,600,20

20 CONTINUE .

C**
C**MAIN DO LOOP
C**

I=1

DO 900 K=1,N

IF(INTEG) GO TO 15

UK=U(K)
C**
C**ROUTINE TO LOCATE THE DESIRED POINT
C**

IF(UK.LT.X(1).0R.UK.GT.X(L)) GO TO 800
Ck*

IF(UK=-X(I)) 70,700,22
22 I=1+1
IF(X(I-1)~X(1)) 11,95,96
11 CONTINUE
IF(UK-X(I)) 23,700,22
C** :
15 I=K+1
23 CONTINUE
O *
Cxx
C**ROUTINES TO PICK UP NECESSARY X AND Y VALUES AND TO
C**ESTIMATE THEM IF NECESSARY

C**
40 J=1

A3=X(J)=-X(J~1)
Y3=Y(J-1)
M3=(Y(J)-Y(J-1))/A3
IF(J.EQ.2) GO TO 41
M2=(Y(J-1)-Y(U-2))/(X(U=-1)-X(d~-2))
IF(J.EQ.L) GO TO 42

C**

41 Ma=(Y(J+1)-Y(J))/(X(J+1)-X(J))
IF(J.EQ.2) M2=M3+M3-M4
GO TO 45

42 M4=M3+M3-M2

45 IF(J.LE.3) GO TO 46



M1=(Y(J-2)-Y(J=3))/(X(J-2)-X(U-3))
GO TO 47

46 M1=M2+M2-M3

47 IF(J.GE.(L-1)) GO TO 48
MB=(Y (U+2)-Y(dJ+1))/(X(J+2)-X{u+1))
GO TO 50

48 M5=M4+M4-M3

C*x*
C**NUMERICAL DIFFERENTIATION
C**

50 CONTINUE
IF(J.EQ.2) GO TO 101
M24=(Y(U)=-Y(U-2))/(X(U)-X(J-2})

GO TO 102

101 M24= 5% (M2+M3)

102 IF(M1.GT.M24.AND.M4.LT.M24) GO TO 103
IF(M1.LT.M24 AND.M4.GT.M24) GO TO 103
T3=M24
GO TO 52

C**

103 W2=SQRT(ABS{(M3~M1)}*(M4-M3)))
W3=SORT(ABS((M2-M1)*(M4-M2)))
SW=W2+W3
IF(SW.NE.O.0) GO TO 51
wW2=0.5
W3=0.5
SW=1.0

51 T3=(W2*M2+W3*M3)/SW

C**

52 CONTINUE
IF(J.EQ.L) GO TO 111
M35=(Y(U+1)-Y(U=-1))/(X(J+1)=X(d=-1))
G0 TO 112

111 M35=.5%(M3+M4)

112 IF(M2.GT.M35.AND.M5.LT.M35) GO TO 113
IF(M2.LT.M35.AND.M5,.GT.M35) GO TO 113
T4=M35
GO TD &0

113 W3=SQRT(ABS((M4-M2)*(M5-M4)))
W4=SQRT(ABS((M3-M2)}*(M5-M3)))
SW=W3+W4
IF(SW.NE.O.0) GO TOD 53
W3=0.5
W4=0.5
SW=1.0

53 T4={(W3*M3+W4*M4)/SW

[0
C**DETERMINE THE COEFFICIENTS
C*x*

60 02=(2.0%(M3-T3)+M3-T4)/A3

Q3=(~-M3-M3+T3+T4)/(A3*A3)
C**
C**COMPUTATION OF THE POLYNOMIAL
C**

IF(INTEG) GO TO 400

70 DX=UK-X{(J-1)
V(K)=Y3+DX*(T3+DX*(Q2+DX*Q3))

GO TO 800
Cox*x
400 CONTINUE
C**COMPUTE INTEGRAL
Gk *
DX=X(K+1)=-X(K)

V(1)=V(1)+DX*(Y3+DX*T3/2.+DX*DX*Q2/3 . +DX*DX*DX*Q3/4.)

14
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GO TO 900

C**
700 V(K)=Y(1)
GO TO 900

c**

800 V(K)=Y(1)
IF(UK.GT.Y(K)) V(K)=Y(L)
900 CONTINUE
RETURN
C**
600 CONTINUE
C**
C** INEAR INTERPOLATION
C**
MI=(Y(2)-Y(1))/(X(2)-X(1))
DO 610 K=1,N
610 V(K)=Y(1)+(U(K)=-X(1))*M1
RETURN
C**
C**ERROR EXIT
C**
80 WRITE(IU,2090)
GO TO 99
21 WRITE(IU,2081)
GO TO 99
95 WRITE(IU, 20985) .
GO TO 97
86 WRITE(IU,2086)
97 WRITE(IU,2097) I,X(I)
99 WRITE(IU,2099) LO,NO

RETURN
Co*x
C**FORMAT STATEMENTS
C**

2080 FORMAT(” L
2081 FORMAT(’ “,22H **x* N = O OR LESS./)
2095 FORMAT(’ *,27H **x IDENTICAL X VALUES./)

1L22H Ak
2096 FORMAT(’ ‘,33H *** X VALUES OUT OF SEQUENCE./)
’

= 1 DR LESS./)

2097 FORMAT(’ , 6H I =,17,10X,6HX(1) =,E12.3)
2099 FORMAT(’ . 6H L =,I7,10X,3HN =,17,/

1 ,36H ERROR DETECTED IN ROUTINE INTRPL)

END

SUBROUTINE PLOTTR(LEVEL,IX,IY,ITITLE)
O X e e e e e e e e
Cxx*
CHx SUBROUTINE PLOTTR
CHox
Cxx, LEVEL PURPOSE OF CALL
Cxx
Cx* 1 - MOVES PEN TO NEXT PLOTTING POSITICN
CHx | 2 - BOUNDARY AND LONG-LAT OF SATELLITE
Cxx ARE PLOTTED ON SAME GRAPH
Cxx 3 - LONG-LAT OF SATELLITE IS PLOTTED
Cxx | 4 ~ ANOMALY VS LAT IS PLOTTED
CHx* | 5 - MULTIPLE PLOTS OF LAT~-LONG ARE PLOTTED
C*x ) AS WELL AS CHURCHILL-SUPERIOR BOUNDARY
Ckx 6 - SCALAR, NORTH, EAST, AND VERTICAL ANOM
Cx* ARE PLOTTED ON SAME GRAPH WITH FOUR CALLS
CHx, 7 - SUCCESSIVE PLOTS ARE SUPERPOSED ON SAME
Cxx PLOT WITH A SINGLE CALL
O e e e e e e e e e e e
C %%

COMMON/BNDRY/ CSBLNG(182),CSBLAT(182),PB1LNG(5),PB1LAT(5),
* PB2LNG(50),PBR2LAT(50),PB3LNG(16),PB3LAT(16),



143

* PB4LNG(12),PB4LAT(12),PB5LNG(4),PB5LAT(4),
* PB6LNG(7),PB6LAT(7),BAYLNG(254),BAYLAT(254),
* SUPLNG(116),SUPLAT(116),RIVLNG(109),RIVLAT(109)

COMMON/MAGOUT/ AOUT(50,300),NP
COMMON/PLPARM/ XSTART,XASCAL,YSTART,YASCAL, IPNUM,CSBF,PROVF,

* BAYF ,RIVF, LAKF
C**
DIMENSION IAOUT(50,300),XP(300),FP(300),TESTX(4),TESTY(4)
DIMENSION ITITLE(20)
C**
EQUIVALENCE(AOUT(1,1),IA0UT(1,1))
C**
LOGICAL CSBF,PROVF,BAYF,RIVF,LAKF
C**
C**

DO 10 IPNT=1,NP
XP(IPNT)=A0OUT(IX, IPNT)
10 FP(IPNT)=ACUT(IY,IPNT)

C**
NPNT=NP
PASS=FLOAT(IAQUT(36,1))

C**
GO TO (1000, 2000, 3000, 4000, 5000, 6000, 7000) , LEVEL
WRITE(6,100) LEVEL

100 FORMAT(’ /,/*%* ERROR IN PLOTTR *** LEVEL=',15)

RETURN .

Cx*x

1000 CONTINUE
CALL PLOT(11.,0.,-3)
RETURN

C**

2000 CONTINUE

C**PRINT PLOT TITLE
CALL SYMBOL(O.,-.8,.14,ITITLE,O.,80)
CALL SYMBOL(O.,-1.1,.14,’PASS’,0.,4)
CALL NUMBER(.7,-1.1,.14,PASS,0.,~1)

C**

C**OPTIMIZE SCALES

200 CONTINUE

XSTART=-140.0
XASCAL=10.0
YSTART=40.0
YASCAL=5.0

C**

C**PRINT AXES
CALL AXISI(O.
CALL AXISI(S.
CALL AXISI(O.
CALL AXISI(O.

‘LATITUDE (DEG)’,14,8.,90.,YSTART,YASCAL)
¢ *,-1,8.,80.,YSTART,YASCAL)

‘LONGITUDE (DEG)’,-15,98.,0.,XSTART,XASCAL)
£ ,1,9.,0.,XSTART,XASCAL)

© 000

C**

C**PLOT THE DATA
IF(.NOT.CSBF) GO TO 20
CSBLNG(181)=XSTART
CSBLNG(182)=XASCAL
CSBLAT(181)=YSTART
CSBLAT(182)=YASCAL
CALL NEWPEN(4)

CALL LINE(CSBLNG,CSBLAT, 180,1,0,0)
CALL NEWPEN(1)

C**

20 IF(.NDT.PROVF) GO TO 21
PB1LNG(4)=XSTART
PB1LNG(5)=XASCAL
PB1LAT{(4)=YSTART



Ok
21

Cx*
22

CH**
23

% *
24

PB1LAT(5)=YASCAL
PB2LNG(49)=XSTART
PB2LNG(50)=XASCAL
PB2LAT(49)=YSTART
PB2LAT(50)=YASCAL
PB3LNG(15)=XSTART
PB3LNG(16)=XASCAL
PB3LAT(15)=YSTART
PB3LAT(16)=YASCAL
PB4LNG(11)=XSTART
PB4LNG( 12)=XASCAL
PB4LAT(11)=YSTART
PB4LAT(12)=YASCAL
PBSLNG(3)=XSTART
PBSLNG(4)=XASCAL
PBSLAT(3)=YSTART
PBSLAT(4)=YASCAL
PBELNG(6)=XSTART
PBGLNG(7)=XASCAL
PBG6LAT(6)=YSTART
PBGLAT(7)=YASCAL

CALL DASHLN(PB1LNG,PB1LAT,3,1,15)
CALL DASHLN(PB2LNG,PB2LAT,48,1,15)
CALL DASHLN(PB3LNG,PB3LAT,14,1,15)
CALL DASHLN(PB4LNG,PB4LAT,10,1,15)
CALL DASHLN(PBSLNG,PB5LAT,2,1,15)
CALL DASHLN(PBGLNG,PBELAT,5,1,15)

IF(.NOT.BAYF) GO TO 22

BAYLNG(253)=XSTART
BAYLNG(254 )=XASCAL
BAYLAT(253)=YSTART
BAYLAT(254)=YASCAL

CALL LINE(BAYLNG,BAYLAT,252,1,0,0)

IF(.NOT.LAKF) GO TO 23

SUPLNG(115)=XSTART
SUPLNG(116)=XASCAL
SUPLAT(115)=YSTART
SUPLAT(116)=YASCAL

CALL LINE(SUPLNG,SUPLAT,114,1,0,0)

IF(.NOT.RIVF) GO TOD 24

RIVLNG(108)=XSTART
RIVLNG(109)=XASCAL
RIVLAT(108)=YSTART
RIVLAT(109)=YASCAL

CALL LINE(RIVLNG,RIVLAT, 107,1,0,0)

XP(NPNT+1)=XSTART
XP(NPNT+2)=XASCAL
FP(NPNT+1)=YSTART
FP(NPNT+2)=YASCAL

CR&&&&CALL NEWPEN(2)
CALL LINE(XP,FP,NPNT,1,0,0)
C&8&&&CALL NEWPEN(1)

CH*x
3000

RETURN

CONT INUE

C**PRINT PLOT TITLE

Cx*

CALL SYMBOL(O.,-.8
CALL SYMBOL(O.,~-1.
CALL NUMBER(.7,-1.

1
9

.14,ITITLE,O.,80)
,.14,’PASS’,0.,4)
,.14,PASS,0.,-1)

Thh
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C**QPTIMIZE SCALES
CALL SCALE(XP,8.,NPNT,1)
XSTART=XP(NPNT+1)
XASCAL=XP(NPNT+2)

CALL SCALE(FP,8.,NPNT,1)
YSTART=FP(NPNT+1)
YASCAL=FP(NPNT+2)

C**

C**PRINT AXES
CALL AXIS(O.
CALL AXIS(8.
CALL AXIS(O.
CALL AXIS(O.

‘LATITUDE (DEG)’,14,8.,90.,YSTART,YASCAL)
¢ *,-1,8.,90.,YSTART,YASCAL)

‘LONGITUDE (DEG)’,-15,8.,0.,XSTART,XASCAL)
’ ,1,8.,0.,XSTART,XASCAL)

©000

ko
C**PLOT THE DATA

CALL LINE(XP,FP,NPNT,1,0,0)

RETURN
ok x
4000 CONTINUE
C**PRINT PLOT TITLE

CALL SYMBOL(O.,-.8,.14,ITITLE,O.,80)
C---> CALL SYMBOL(O.,-1.1,.14,/PASS’,0.,4)
C---> CALL NUMBER(.7,-1.1,.14,PASS,0.,~-1)

CHx*
C**OPTIMIZE SCALES
Cxx* CALL SCALE(XP,8.,NPNT,1) ‘
XSTART=40.0
XASCAL=5.0

Cxx* CALL SCALE(FP,8.,NPNT, 1)
YSTART=-20.0
YASCAL=5.0
C**
C**PRINT AXES
CALL AXIS(O.,0.,’MAGNETIC ANOMALY FIELD (NT)’,29,8.,80.,
* YSTART, YASCAL)
CALL AXIS(O.,4.,’/LATITUDE (DEG)’,-14,8.,0.,XSTART,XASCAL)
C**
C**PLOT THE DATA
XP(NPNT+1)=XSTART
XP(NPNT+2)=XASCAL
FP(NPNT+1)=YSTART
FP(NPNT+2)=YASCAL
CALL LINE(XP,FP,NPNT,1,0,0)
RETURN ‘
C**
5000 CONTINUE
IPNUM=IPNUM+
IF(IPNUM.EQ.1) GO TO 200
INTEQ=IPNUM-2
IF(INTEQ.GT.14) INTEQ=INTEQ+50
C %k
C**PLOT THE DATA
XP(NPNT+1)=XSTART
XP(NPNT+2)=XASCAL
FP(NPNT+1)=YSTART
FP(NPNT+2)=YASCAL
C&&&&&CALL NEWPEN(2)
CALL LINE(XP,FP,NPNT,1,40,INTEQ)
C&&&&&CALL NEWPEN(1)
IF(IPNUM.LT.25) RETURN
IPNUM=0
GO TO 1000
C**
C**
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6000 CONTINUE
IPNUM=IPNUM+ 1
GO TO (60,61,62,63),IPNUM
WRITE(6,666) IPNUM

666 FORMAT(’ ' ,’'#### ERROR IN PLOTTR #### IPNUM = 14)
RETURN
60 INTEQ=11
Cxo* PRINT PLOT TITLE

CALL SYMBOL(O.,-.8,.14,ITITLE,O.,80)
CALL SYMBOL(O.,-1.1,.14,/PASS’,0.,4)
CALL NUMBER(.7,-1.1,.14,PASS,0.,-1)
CH* SET SCALES
XSTART=40.0
XASCAL=5.0
YSTART=-40.0
YASCAL=10.0
C**PRINT AXES
CALL AXIS(0:,0., MAGNETIC ANCOMALY FIELD (NT)’,29,8.,90.,
* YSTART,YASCAL)
CALL AXIS(O.,4.,’LATITUDE (DEG)’,-14,8.,0.,XSTART,XASCAL)
C**
GO TO 64
61 INTEQ=4
GO TO 64
62 INTEQ=9
GO TO 64 .
63 INTEQ=8
IPNUM=0
C**PLOT THE DATA
64 XP(NPNT+1)=XSTART
XP(NPNT+2)=XASCAL
FP(NPNT+1)=YSTART
FP{NPNT+2)=YASCAL :
CALL LINE(XP,FP,NPNT,4,+5,INTEQ)
RETURN
7000 CONTINUE
IPNUM=IPNUM+ 1
IF(IPNUM.GT.1) GO TO 700
C**PRINT PLOT TITLE
CALL SYMBOL(O.,-1.,.14,ITITLE,O.,80)
C**
C**OPTIMIZE SCALES
Cx* CALL SCALE(XP,8.,NPNT,1)
XSTART=40.0
XASCAL=5.0
C** CALL SCALE(FP,8.,NPNT,1)
YSTART=-20.0
YASCAL=5.0
Cox*
C**PRINT AXES
CALL AXIS(O.,0., MAGNETIC ANOMALY FIELD (NT)’,29,8.,90.,
* YSTART,YASCAL)
CALL AXIS(O.,4.,’/LATITUDE (DEG)’,-14,8.,0.,XSTART,XASCAL)
C**
700 CONTINUE
C**PL.OT THE DATA
XP(NPNT+1)=XSTART
XP(NPNT+2)=XASCAL
FP(NPNT+1)=YSTART
FP(NPNT+2)=YASCAL
CALL LINE(XP,FP,NPNT,1,0,0)
IF(IPNUM.LT.50) RETURN
IPNUM=0
GO TO 1000
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END
SUBROUTINE FITTER(IX,IY,MDEG,C,BETA)

(2 2 sk ok ok o ok k3 K sk Ok Ak kK Kk oK K K oK K K K 3k K 3K 3k 3K K ok K K K K K XK K oKk 3k ok 3k ok K K K K K K ok ke K K 3k sk 3k K K K K 3K K K K Xk K %k X

Co* % x SUBROUTINE FITTER *
C*** L3
C* %% S/R FITTER FITS A POLYNOMIAL TO A SET OF DATA. THE S/R *
C*** REQUIRES N PAIRS OF X AND Y VALUES AND RETURNS THE COEFFICIENTS *
C*** OF THE NORMAL EQUATIONS FOR THE LEAST SQUARES METHOD. *
c*** *
C**x* REF: C.F. GERALD, 1878. “"APPLIED NUMERICAL ANALYSIS® *
C*kok 2ND EDITION, ADDISON-WESLEY, PP.505-507. *
C* %% %k
C**********************************************************************
C**
Cx*
C*x* PARAMETERS
C*x* IX,1Y -~ VARIABLE NUMBERS IN ARRAY AOUT TO BE USED AS
C*x* X AND Y ARRAYS '
C** X(300) - X VALUES
C** Y(300) - Y VALUES
C** N ~ NUMBER OF DATA PAIRS
Cxx* MDEG - DEGREE OF POLYNOMIAL TO COMPUTE - MAX = 9
CHx A(10,11)~ AUGMENTED MATRIX OF THE COEFFICIENTS OF THE NORMAL
Cx* EQUATIONS
C** c(10) - ARRAY OF COEFFICIENTS OF LEAST SQUARES POLYNOMIALS
C** .

COMMON/MAGOUT/ AOUT (50, 300),NP
C**

DIMENSION X{300),Y(300),XN(300),C(10),A(10,11)
C**

DO 111 I=1,NP
X(I)=ABUT(IX,I)
Y(I)=AOUT(IY,I)
111 CONTINUE
C**
C**CHECK MDEG TO ENSURE IT IS .LE. N-1
IF(MDEG.LE.(NP-1)) GO TO 5
MDEG=NP~- 1
WRITE(6,200) MDEG
200 FORMAT(’1’,’DEGREE OF POLYNOMIAL CANNOT EXCEED NPNT-1.‘/
* ‘ /,’REQUESTED DEGREE TOOD LARGE, REDUCED T0’,I5)
5 N=NP
C**
MDEGP 1=MDEG+ 1
MDEGP2=MDEG+2
C**PUT "1/5" INTO A NEW ARRAY. THIS WILL HOLD THE PDWERS OF X
DO 10 I=1,N
10 XN(I)=1.0
C**COMPUTE 1ST COL. AND N+1ST COL. OF A. I MOVES DOWN ROWS, J SUMS OVER
C**THE N VALUES
DO 30 I=1,MDEGP1
A(I,1)=0.0
A(I,MDEGP2)=0.0
DD 20 J=1,N
A(I,1)=A(I,1)}+XN(J) A
A(I,MDEGP2)=A(I,MDEGP2)+Y(JU)}*XN(J)
20 XN(J)=XN(J)*X(J)
30 CONTINUE
C**COMPUTE THE LAST ROW OF A. I MOVES ACROSS COL.’S, J SUMS OVER N
DO 50 I=2,MDEGP1
A(MDEGP1,1)=0.0
DO 40 J=1,N :
A(MDEGP1,I)=A(MDEGP1,I)+XN(J)
40 XN(J)Y=XN(J)*X(J)



50

C**NOW FILL IN THE REST OF THE A MATRIX.

CONTINUE

C**COLUMNS

60
70

C**CALL A SUBROUTINE TO SOLVE THE SYSTEM OF EQUATIONS.

DO 70 J=2,MDEGP1
DO 60 I=1,MDEG
A(I,J)=A(I+1,U-1)
CONTINUE

C**DECOMPOSITION OF A.

CALL LUDCMP(A,MDEGP1,10)

C**RESET THE R.H.S. INTO C

20

C**WRI

DO 80 J=1,MDEGP1{
c(J)=A(J,MDEGP2)
CALL SOLN(A,C,MDEGP1, 10)

TE COEFF. OF LEAST SQUARES FIT
WRITE(6,202) MDEG,(C(J),U=1,MDEGP1)
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I MOVES DOWN ROWS, J ACROSS

GET THE LU

202 FORMAT(’1’,‘FOR DEGREE OF’,I3,’ COEFFICIENTS ARE’,/

*

C**COMPUTE AND PRINT THE VALUE OF BETA

83

24

203

f o, 11(BX,E12.5,/7 1))

BETA=0.0

DO 94 IPNT=1,N

SUm=0.0

DO 83 ICOEF=2,MDEGP1
JCOEF=MDEGP1-ICOEF+2

SUM= (SUM+C (JUCOEF ) )*X(IPNT)
CONTINUE

SUM=SUM+C(MDEGP{)
BETA=BETA+(Y(IPNT)~SUM)**2
CONTINUE
BETA=BETA/(N-MDEGP1)
WRITE(6,203) BETA

FORMAT(’ ’,9X,’BETA = ’,E12.5)
RETURN

END

SUBROUTINE LUDCMP(A,N,NDIM)

(SUM DF(DEV**2))/(N-M-1)

(G ok 3 ok 3k %k Kk ok 3k ok 3k 3k ok sk ok 3k ok ok sk %k % sk sk ke ok e ok kK 3k ke ok ok ki ok k3K 3k Sk %k K 3k 3k 3K 3Kk ok 3K %k 3k %K oK 3K K K 3 K 3K XK XK &

O % %
%k %
C %ok
C % %o
C %k %
% % %
%k %
© % % %

SUBROUTINE LUDCMP

*
*
THIS S/R FORMS THE LU EQUIVALENT OF THE SQUARE MATRIX A. *
THE LU, IN COMPACT FORM, IS RETURNED IN THE A MATRIX SPACE.*
THE UPPER TRIANGULAR MATRIX U HAS 1/S ON ITS DIAGONAL - *
*

*

*

*

THESE VALUES ARE NOT INCLUDED IN THE RESULT

CALLED BY FITTER

(% 2k 3k 3k ok ok ok ok ok ok koK 3k ok 3K ok K sk R Sk ok 3K ok 3k ok K sk K sk sk ok sk ok ok o ok ok 3k ke ok ak sk ok oK 3k 3K 3 ok kK ok ok dk K %k X 3 ok 3K o ok

C*xx

C**

i0

15

20
C**TES

25 IF(ABS(A(I,I)).LT.1.E-10) GO TO 99

DIMENSION A(NDIM,NDIM)

DO 35 I=1,N
DO 30 J=2,N

SUM=0.0

IF(J.GT.I) GO TO 15
IM1=y-1

DO 10 K=1,JM1
SUM=SUM+A(I,K)*A(K,J)
A(I,J)=A(I,J)-SUM

GO TO 30

IMi=I~-1

IF(IM1.EQ.0) GO TO 25

DO 20 K=1,IM1
SUM=SUM+A(I,K)*A(K,J)

T FOR SMALL VALUE ON DIAGONAL

A(T,J)=(A(I,J)-SUM)/A(I, 1)
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30 CONTINUE
35 CONTINUE
RETURN
99 WRITE(6,100) 1
100 FORMAT(’ ‘,’REDUCTION NOT COMPLETED BECAUSE SMALL VALUE FOUND’,
* ‘ FOR DIVISOR IN ROW AND COLUMN’,13)
RETURN
END
SUBROUTINE SOLN(A,B,N,NDIM)
C*****************************************************************
C* %k SUBROUTINE SOLN *
C*** *
C*** THIS S/R FINDS THE SOLUTION TO A SET OF N LINEAR *
C*** EQUATIONS THAT CORRESPOND TO THE R.H.S. VECTOR B. THE A *
C*x** MATRIX IS THE LU DECOMPDSITION EQUIVALENT TO THE COEFF. *
C*** MATRIX OF THE ORIGINAL EQUATIONS, AS REDUCED BY S/R LUDCMP.*
C*** THE SOLUTION VECTOR IS RETURNED IN B. *
CH k% *
C* % * CALLED BY FITTER *
C*****************************************************************
C**
DIMENSION A(NDIM,NDIM),B(NDIM)
C**
C**D0 THE REDUCTION STEP
B(1)=B(1)/A(1,1)
DO 20 1=2,N .
IM1=1-1
SUM=0.0
DO 10 K=1, IM{
10 SUM=SUM+A(I,K)*B(K)
20 B(I)=(B(I)~SUM)/A(I,I)
C**NOW READY FOR BACK SUBSTITUTION. ELEMENTS OF U ON DIAG. ARE ALL 1’S.
DO 40 uU=2,N
NMUP2=N-J+2
NMUP 1=N-J+ 1
SUM=0.0
DO 30 K=NMJUP2,N
30 SUM=SUM+A(NMJP 1 ,K)*B(K)
40 B(NMUP1)=B(NMJP1)-SUM
RETURN
END
SUBROUTINE POLY(IXVAR,IYVAR,MDEG,DIFF)

Ok % ook ok ok 3k ok ke ok 3k 3k ok ke sk ok 3 ok 3K 3k ok 3k 3k 3k ok 3k 3k ok k3 k ak ok ok sk ok dk ok 3k ok K 3k 3k 3K 3K 3k ok 3k k 3k %k 3k 3k oK 3k oK K 3 K K 5k K K % XK X %

CH*x % SUBROUTINE POLY *
Ch* % *
CH*x % FITS A POLYNOMIAL OF DEGREE MDEG TO A SET OF DATA, *
Cxx* * CALCULATES THE POLYNOMIAL, AND SUBTRACTS THE FIT FROM *
CHx * THE INPUT DATA, STORING THE DIFFERENCE IN THE ARRAY DIFF *
O % koK ok ok sk ok ok ok 3k K o ok ok ok ok sk 3k 3K oK ok ok ok ok 3k ok K K 3K oK oK 3 K 3 K oK ok ok ok K K 3K 3 3 3K K 3K oK oK ok X 3 K o ok oK ok ok oK ok ok o o K ok ok
k%

. COMMON/MAGOUT/ AOUT(50,300),NP

C*x

DIMENSION DIFF(300),FIT(300),COEF(10)
C*x

DO S I=1,10
5 COEF(I1)=0.0
CALL FITTER(IXVAR,IYVAR,MDEG,COEF,BETA)
DO 10 I=1,NP
FIT(I)=COEF(1) + COEF(2)*ADUT(IXVAR,I) + COEF(3)*ADUT(IXVAR,I)**2,
10 DIFF(I)=AOUT(IYVAR,I)-FIT(I)
C**
RETURN
END
SUBROUTINE STACK(VECT,VSTART,VEND,SUM,SSTART,SUMEND,DIGI,NUMVEC,



C*x*
C**
C*xx*x
C* %
C*x
C**
Gk *
Cx %
C**
Cx**
C*%

C*%*

C*x %

100
C*

101
Ok
11
Cxx
10

102
C**

103
C**

104
12

OO0 O0OO0
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& LENGS)

HURBAARBARARARRARRER BB BB ERBB BRI RH RN RRHRHHGRH AR HBHEH Y
#H SUBRDUTINE STACK #H
## INPUT A VECTOR (ANOMALY FIELD) OF UNIFORM DIGITIZATION #4

## INTERVAL DIGI WITH LATITUDE ENDPOINTS OF VSTART AND VEND. ##
## ALSO INPUT THE DESIRED LATITUDE ENDPOINTS FOR THE SUMMED #H

## VECTORS. HH
## S/R STACK RETURNS THE SUM, ITS LENGTH, AND THE NUMBER OF #HA
## VECTORS SUMMED. #H

HEHRRARAA ARG REH BRI RHHREH BRI RRGHER Y
DIMENSION VECT(300),SUM(300)

NUMVEC=NUMVEC+1
LENGS=IFIX((SUMEND-SSTART)}/DIGI)+1
ISHIFT=IFIX((SSTART~VSTART)/DIGI)
IPAD=IFIX((SUMEND-VEND)}/DIGI)

IF(IPAD.LT.0) IPAD=0
ILENG=LENGS-IPAD
IF(ISHIFT.LT.O) GO TO 10

DO 100 I=1,ILENG
SUM(I)=SUM(I)+VECT(I+ISHIFT)

IF(IPAD.EQ.O) GO TO 11
DO 101 I=1,IPAD
SUM(I+ILENG)=SUM(I+ILENG)+VECT(ILENG+ISHIFT)

RETURN

CONTINUE

JPAD=-ISHIFT

DO 102 I=1,JPAD
SUM(I)=SUM(I)+VECT(1)

INEXT=JPAD+14
DO 103 I=INEXT,ILENG
SUM(I)=SUM(I)+VECT(I-UPAD)

IF(IPAD.EQ.O) GO TO 12

DO 104 I=1,IPAD
SUM(I+ILENG)=SUM(I+ILENG)+VECT(ILENG+ISHIFT)
RETURN

END

SUBROUTINE BNDPAS(F1,F2,DT,D,G)

THIS SUBROUTINE DESIGNS A RECURSIVE BUTTERWORTH
BANDPASS FILTER. .

THIS SUBROUTINE WAS WRITTEN BY DAVE GANLEY
AND IS LISTED IN ‘TIME SEQUENCE ANALYSIS IN GEOPHYSICS-
BY E.R. KANASEWICH

COMPLEX P(4),5(8),21,22
REAL D(8),W1,W2,TDT,HWID,WW,G,B,C,A, TWOPI

TDT=2.0/DT

TWOPI=6.2831853

FDT=4.0/DT
P(1)=CMPLX(~-.3826834, .9238795)
P(2)=CMPLX(-.3826834,-.9238795)
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P(3)=CMPLX(-.9238795, .3826834)

P(4)=CMPLX(~-.9238795,-.3826834)

Wi=TWOPI*F1

W2=TWOPI*F2

W1=TDT*TAN(W1/TDT)

W2=TDT*TAN(W2/TDT)

HWID={(W2-W1)/2.0

WW=W1*wW2

DO 19 1=1,4

21=P(I)*HWID

22=CSQRT(Z1*Z1-WwW)

S(1)=21+22

S(1+4)=21-22

G=(.5/HWID)**4 .0

DO 29 I1=1,7,2

B=-2.0%REAL(S(I1))

Z1=S(I1)*S(1+1)

C=REAL(Z1)

A=TDT+B+C/TDT

G=G*A

D(1)=(C*DT-FDT)/A

D(I+1)=(A-2.0*B)/A

G=G*G

WRITE(6,1) F1,F2,DT

FORMAT(‘1’,20X, ‘BUTTERWORTH BANDPASS FILTER’,//’ ’,10X,
‘PASSBAND; ' ,2F10.83,/’ /,10X, 'DIGITIZATION;’,F10.3,//)

WRITE(6,3)

FORMAT(‘ /,10X, FILTER IS (1 - Z¥*2)**4 / B1*B2*B3*B4’,/)

WRITE(6,4) D

FORMAT(’ /,4(10X,’B(I) = 1 +/ ,F10.3,/%Z2 +/,F10.3,/%2Z**2// /})

WRITE(6,5) G

FORMAT(‘ ‘,10X,‘FILTER GAIN IS’,F15.3)

RETURN

END

SUBROUTINE FILTER(X,N,D,G)

THIS SUBROUTINE DOES THE ACTUAL FILTERING OF THE
DATA WITH THE BANDPASS FILTER CREATED BY BNDPAS

D- FILTER COEFFICIENTS
X- DATA VECTOR
G~ FILTER GAIN

APPLY FILTER IN FORWARD DIRECTION

REAL X(300),XC(3),XD(3),XE(3),D(8)
XM2=X(1)

XM1=X(2)

XM=X(3)

XC(1)=X(1)

XC(2)=XM1-D(1)*XC(1)
XC(3)=XM-XM2-D(1)*XC(2)-D(2)*XC(1)
XD(1)=xXC(1)

XD(2)=XC(2)-D(3)*XD(1)
XD(3)=XC(3)-XC(1)-D(3)*XD(2)-D(4)*XD(1)
XE(1)=XD(1)

XE(2)=XD{2)-D(5)*XE(1)
XE(3)=XD(3)-XD(1)-D(B)*XE(2)-D(6)*XE(1)
X(1)=XE(1)

X(2)=XE(2)-D(7)*x (1)
X(3)=XE(3)-XE(1)-D(7)*X(2)-D(8)*X(1)

DO 39 I=4,N '
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XM2=XM1
XM1=XM

XM=X(1)

K=I-((I-1)/3)*3

GO TO (34,35,36),K

M= 1

Mi=3

M2=2

GO TO 37

M=2

Mi=1

M2=3

GO TO 37

M=3

M1=2

M2=1

CONTINUE
XC(M)=XM-XM2-D(1)*XC(M1)-D(2)*XC(M2)
XD(M)=XC(M)~-XC(M2)-D(3)*XD(M1)~D(4)*XD(M2)
XE(M)=XD(M)-XD(M2)-D(5)*XE(M1)-D(6)*XE(M2)
X(I)=XE(M)-XE(M2)=-D(7)*X{I~1)-D(8)*X(I-2)

FILTER IN REVERSE DIRECTION

XM2=X{(N)

XM1=X(N-1) .

XM=X(N-2)

XC(1)=XM2

XC(2)=XM1-D(1)*XC(1)
XC(3)=XM-XM2-D(1)*XC(2)-D(2)*XC(1)
XD{(1)=XC(1)

XD{(2)=XC(2)-D(3)*XD(1)
XD(3)=XC(3)=-XC(1)-D(3)*XD(2)-D(4)*XD(1)
XE(1)=XD(1)

XE(2)=XD(2)-D(5)*XE(1)
XE(3)=XD(3)-XD(1)-D(5)*XE(2)~ D(G)*XE(1)
X(N)=XE(1)

X{N=-1)=XE(2)-D(7)*X(1)
X{N=2)=XE(3)-XE(1)-D(7)*X(2)-D(8)*X(1)
DO 48 1I=4,N

XM2=XM1

XM1=XM

J=N-T+1

XM=X{(J)

K=I-((I-1)/3)*3

GO TO (44,45,46),K

M= 1

M1=3

M2=2

GO TO 47

M=2

Mi=1

M2=3

GO TO 47

M=3

Mi=2

M2=1

XC(M)=XM-XM2-D( 1)*XC(M1)-D{(2)*XC(M2)
XD(M)=XC(M)-XC(M2)~D(3)*XD(M1)~D(4)*XD(M2)
XE(M)=XD(M)~XD(M2)-D(5)*XE(M1)-D(68)*XE(M2)
X(J)=XE(M)-XE(M2)-D(7)*X(J+1)-D(8)*X(u+2)
DO 59 I=1,N

X(1)=x(1)/G6

RETURN
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END

SUBROUTINE STATIC(VECT,NP,CSBNDR,DIGI)
HEAHRRBRHEAREH AR AEB R BE R HRRHAEHABBHREHIEHHBHBHAHHH R RH
#H# SUBROUTINE STATIC #H
#H LATITUDE DATA SUPPLIED THROUGH VECT IS ALTERED SUCH THAT ##
#H THE LATITUDE OF BOUNDARY CROSSING (CSBNDR) IS SET AT 56.0 ##
#E DEGREES LATITUDE. #H
HARBBHBABREA AR RERY IR ARI ARG IBRAHE RSB SHHHHBGHBHEHRERN

DIMENSION VECT(300)

IF(DIGI.EQ.0) DIGI=.3

SHIFT = IFIX((CSBNDR-56.0)/DIGI) * DIGI
DO 100 I=1,NP

VECT(I) = VECT(I) - SHIFT

RETURN

END



Appendix C

MGSL81#2 SPHERICAL HARMONIC MODEL

Following is the spherical harmonic model supplied as GH and GHT
on the INV-B MAGSAT data tapes. This model was subtracted from the
raw data to-obtain the anomaly data, and was used with program SPEPS
to model the induction field producing the synthetic anomalies. The
epoch for this model is 1980.0, and the mean Earth radius is
6371.1992 kilometres. Time derivatives are given for the first 7

degrees. Units are nanotesla.

_]5)_}..
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m g, . g7 ha
0 | -29987.1992 0.0 25.5006 0.0
] -1956.8501 5604 .6992 12.7797 | -22.4291
0 ~1996. 1599 0.0 ~10.9121 0.0
1 3027.3999 | -2129.4900 0.5997 | -12.8701
2 1663.4700 -199.5940 11.092k | -20.7837
0 1279.8401 0.0 -5.559] 0.0
] -2181.0100 -334.3181 ~6.5758 3.9476
2 1251.3899 271.1260 ~2.8656 1.2512
3 832.9939 -252.2270 -0.457k -9.3632
0 937.7241 0.0 -0.8666 0.0

- 782.4900 212.1590 1.7974 -0.4077
2 396.8811 -256.7009 -6.7219 -1.7278
3 ~119. k490 52.3576 0.7498 5.7137
i 198.1100 -297.8259 ~7.1757 -L.050k
0 ~217.1930 0.0 0.5506 0.0
1 357.8259 L5.8589 -1.8311 | 1.1179
2 261.0791 150.0330 -0.2326 1.5023
3 ~74.3122 -150.6050 -3.3072 -1.930k
i ~161.9970 -77.70L6 1.5411 3.5556
5 -48.0779 92.3465 -2.5848 0.6250
0 48.4670 0.0 1.539] 0.0
] 65.01k40 14 .6005 2.2172 -1.5358
2 41.8842 93.2305 0.5549 -~2.7061
3 -191.9640 70.9701 0.5589 ~0.7413
i 3.4732 -43.0250 '| 0.8978 1.1510
5 13.839k ~2.1551 0.2948 0.6146
6 ~107.5630 17.27k6 -1.3382 3.8416
0 72.0L457 0.0 1.0795 0.0
1 -59.1687 -82.5246 -2.452] -1.2790
2 1.6301 -27.1809 0.1498 0.9416
3 20.9040 -5.1868 0.6488 0.9903
1 ~12.1437 15.9127 -0.6911 -0.2h5k
5 0.4333 17.9332 -1.6620 ~0.5056
6 10.283] -23.0047 1.3996 -0.68L5
7 -1.8357 -3.9483 1.46h3 1.7987
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n|m gn hy' n|m g haot
8 0 18.4998 0.0 12 0 -1.6658 0.0
1 6.7175 7.2322 1 0.0256 0.4031
2 -0.2359 -17.5606 2 -0.1926 0.6179
3 -10.8967 3.7609 3 -0.1506 2.2822
L -7.2094 -22.2458 4 0.8084 -1.3900
5 4,3976 8.1350 5 0.5401 0.3849
6 2.5015 16.1418 6 ~-0.4846 0.1485
7 6.0789 -13.3017 7 -0.2130 -0.2573
8 -0.8228 -14,8067 8 0.3159 0.1197
9 | -0.5973 -0.0053
9 0 5.3647 0.0 10 -0.1681 -1.3414
1 10. 4460 -20.9417 11 0.8132 0.5022
2 1.4050 15.4728 12 -0.0091 0.9256
3 -12.1238 8.6556
h 9.4872 -5.0625 13 0 0.0411 0.0
5 -3.5681 -6.8346 1 -0.4080 ~0.4635
6 -1.0295 8.9911 2 0.5084 0.2589
7 6.8808 9.6780 3 -0.5793 1.2100
8 1.4149 -5.6725 L -0.1343 -0.2075
9 -5.0L474 2.1845 5 0.8523 -0.5053
6 -0.5145 -0.0883
10 0 -3.1655 0.0 7 0.1587 0.8596
] -3.7985 1.2410 8 -0.8705 0.2600
2 2.4283 0.3517 9 0.1739 0.9787
3 -5.6169 2.8965 10 -0.0871 0.2080
L -1.8245 5.8108 11 0.3253 -0.1189
5 4.4932 -4.2533 12 -0.4895 -0.3603
6 3.3183 ~0.1433 13 0.4457 ~-0.9202
7 0.6620 -1.3152
8 2.2744 3.1207
9 3.0744 -0.2220
10 -0.5127 -6.4101
11 0 2.5306 0.0
1 -1.3179 0.8516
2 -1.7512 1.9518
3 2. 466 -1.545]
4 0.1943 -3.2202
5 -0.8793 0.L4874
6 -0.3620 -0.3112
7 1.3695 -2.3564
8 1.5004 -0.2571
9 -0.6277 -1.4790
10 1.8995 -1.8808
11 3.5150 1.1033




Appendix D

CO-ORDINATE SYSTEMS AND CONVERS!IONS

Several co-ordinate systems were used in the modelling program
SPEPS (Appendix A). Following is a brief overview of the co-ordi-

nate and vector transformations used.

Greenwich
meridian

A 4

Equator

Figure D-1: Co-ordinate Systems of an Elliptic Earth

-]57..
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Figure D-1 illustrates the co-ordinate systems under considera-
tion. The Fixed Earth system is a cartesian system having its ori-
gin at the Earth's centre. The x-axis pierces the Earth's surface
at the intersection of the equator and the Greenwich meridian. The
z-axis is coincident with the north rotational axis, and the y-axix
forms the orthogonal third axis.

The Geodetic system is the traditional "map" system. This system
consists of the geographic latitude p measured from the equator,
east longitude M\ measured from the Greenwich meridian, and altitude
above the ellipsoid.

The Geocentric system is a spherical system with its origin at
the Earth's centre. Geocentric colatitude § is measured from the
north rotational axis, east longitude ) is measured from the Green-
wich meridian, and the radial distance e is measured from the
Earth's centre.

In addition to the co-ordinate systems mentioned, the Topocentric
system is often used in defining vector quantities. This is a local
cartesian system with its origin at the observer's location and its
axes aligned with North, East, and Vertical (positive down). The
vertical component is dirgcted toward the Earth's centre, and is not
in genera] perpendicular to the ellipsoid. The Topocentric system,
then, is the vector equivalent of the Geocentric co-ordinate system.
Co-ordinate and Vector transformations between these systems were

calculated according to the following formulae.
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Co-ordinate transformations:

GEODETIC (altitude, east longitude, north latitude) (h,r\,f:)

to GEOCENTRIC (radial distance, colatitude, east longitude) ((),q),/\)

a4cosz§ + b‘lsinz‘g l
e = h (h+2A) +
Az
 Ising (a%-b*) coszﬁ
4? = Ccos h+ A -
A
A=A where
L)
A= \/aq'cosz§ +b sin«z@
a = semi-major axis of earth ellipsoid
b = semi-minor axis of earth ellipsoid

EARTH FIXED (x,y,2z) to GEOCENTRIC (radius, colatitude, east long.)

(p:95A)

Ll

€=\/Xl+yl+zz

- z
¢ = cos -
sz + yz. + 2

-1 V4
A= tan ;-——z
X

GEOCENTRIC (p,4,A) to EARTH FIXED (x,y,z)

X=ecosz\ sin@
Y=(sinA sing
z =(cos(f
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Vector transformations:

TOPOCENTRIC (N,E,V) to EARTH FIXED (X,Y,2)

X| = - WI cos § cosA - Ifl sinh - ]VI singcosA
V]
|Z|

- |ﬁ| cos¢d sinA + ’f‘| cos A - |V| singd sinA

I‘N\I sing - |V]| cos ¢

EARTH FIXED (X,V,Z) to TOPOCENTRIC (N,E,V)

|T\T\| = - |7‘| cos A cos¢f - I—Y'\I sin)A cos¢ + ]?] sin¢‘
lfl = - I'X‘l sinA+ I'YJI cos A
|V| = - |X| cosa sing - I”Y—‘| sin) sing - |Z] cos @





