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ABSTRACT

During the period in between February 1978 until October 1979,
a geomagnetic variation study by means of eleven temporary field
stations has been conducted covering the area of Launceston quadrangle,
Tasmania Geological Atlas Series, sheet SK 55-4, scale 1 : 250 000.
The study area is situated between latitude 41°00 and 41°45 south and
~ between longitude 146°15 and 148000 east, with a total area of about
12 700 sqe. km.

The aim of this study is to record and analyse the behavior of
geomagnetic variations which are related to lateral changes of elect=-
rical conductivity structure. |

The coast.effect similar to the one that was established in
' Hobért ( Parkinson, 1962 ) is found in this area for longer periods
_greater than 64 minutes. And an anomalous local high conductivity

zone is indicated by the directions of induction vectors at periods
less than or equal to 48 minutes. This anomalous conductive zone is

-

interpreted as caused by deep-lateral variation of conductivity of

sedimentary rocks ( o~= 0.5 x 107

S.m-1 ) with ages between Cambrian
and younger and Devonian granodiorite ( o= = 0.54 x 1072 s.m~? ), Dboth
being covered by surface high conductive layer (a'; 0.11 S.m_1 ) that
éxtends from east of Deloraine to west of Scottsdale.

The occurence of a mineralized zone between Nabowla,§Scottsda1e

and Tayene agrees with the direction of induction vectors at those

stations.
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Chapter I

MAGNETIC VARIATION STUDIES IN GENERAL

Many reports about the ve;tiqal conductivity distribution inside
the earth have been pu?lished from the analysis of gemagnetic variati-
ons, since Schuster (1908) and Chapman (1919) recognized that there is
a region of higher conductivity at a depth of some hunéreds of kilome~
ters inside the earth. The vertical conductivity distribution has be-
en refined by the work of many researchers such as Lahiri and Price
(1939),;M§Donald and Cantwell (1957) and Banks (1969).

The global average model suggests that conductivity value between

depths of O and L00 kms would not exceed 0.10 S.m-1

» but the existence
of material with conductivity in excess of that value has been report-
ed. It is usually suggested that this is related to some factor such

as saline water filled sediments, zone mineralization, or high heat

flow. For greater depth, high conductivity anomalies are normally as-

" cribed to partial melting of magma in the upper mantle (Banks, 1979).

I~.1 LATERAL CONDUCTIVITY DISTRIBUTION

- The lateral condﬁctivity distribution is well indicated by the
direction of induction vectors. The induction vector is a 2-D vector
(A,B) where A and B are transfer fuhctions describing tﬁe behavior of
the‘vertic;l component as a function of the horizontal components.’

Its modern definition is given by |
Z _ 'A.)_( +BY +¢
-where Z,)_(,X are (complex) Fourier transforms of the field components,
and A and B are chosen to minimize ¢. In generél th;?VZOmplex numbers,
so we must deal with both a real and imaginary induction vector.
After the invention of induction vector by Parkinson (1962) and

independently by Wiese (1962), the sfudy of electrical conductivity '

distribution grew rapidly. Induction vectors introduced by Parkinson
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differ from those of Wiese; the direction of the former is toward
higher conductivity, while the one introduced bj Wiese is away from it.
Throughout this_paper the induction vectors pointing toward qonductivi-
ty anomaly were adopted.

All over the world many areas have been intensively studied.
Lilley(197§) and Adam (1976) summarized some of the areas studied to
date. The response from éll of those studies, have brought to light
the behavior of magnetic variations at éoﬁe particular areas. For some
areas by noticing the characteristic of the directions and lengths of
the induction vectors and the loqality of the station observations con-
cerned, the lateral effect of conductivity could be categorized into
one of known effects such as'coast, island,; peninsula n.andvstrait
effects. All of these effect are related to the influence of induced
electric current flowing iﬁ the sea water and in fact are frequency
dependent.

One classical example of the coast effect is shown on the induction
vectors plotted around Australia and the region surrounding ( Parkinson,
1962 ). All of the vectors poinE toward the adjacent deep ocean and
perpendicular to the coast line. Other reports of the coast effect
are in Céiifornia by Schmucker (1963) and in Canada by Hyndman (1963)
and by Lambert and Caner (1965). »

On relatively uniform conductivity distributions, the coast effect
causes the length of the induction vectors to bé longer at stations on
coast line and gradually to decrease inland. Longer induction vectors
‘at inland stations compared to the one at coast line, indicate the land
area is conductively anomalous.

The coupling between mantle and ocean conductivities weakens. the

electrical current intensity flowing in the. ocean ( Honkura, 1971), and
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will affect the bahavior of the vectors effected by the ocean.

An exceptional casevof the induction vectors at a ¢oast line is
found in Peru,‘where the land'anomaly is so strong that it causes the
coast effect to vanish.( Schmucker; 1969 and Aldrich et al., 4972 ).

The island effect differs_slightly from the coast effect, since
it is best seen at short period variationms. Extensive studies about
this effect have been done at Oshima (Sasai, 1967, 1968), Oahu (Klein,
1972), M1yake-31ma (Honkura, 1971) and Hawa11 (Kleln, 1971). -A11 in-
ductlon vectors are characterized by the directions teward.the sea
away from the islaﬁd. |

The peninsula effect is considered as combinatien"dfleoast and
island effects which sometimes causes the amplitude pf'vertical vari-
ation (A32) to 5e greater than the horizontal variations (Z;H and_[&D),
although the coast effect itself sometlmes also does. thls.'

The strait. effect is simply indicated by the d1rect10n of 1nduc-'
tion Vectors on lands at both side of the strait p01nt toward the-

This

strait, thet is caused by the induced electric current being channeled

through the conductive strait.

I-2 INDUCTION VECTORS AROUND TASMANIA

Four induction vectors had elready been established 1n Tasmanla,-_
before this study started in early 1978 (see figure 2). The 1nduct10n
vector at Hobart is one of the few induction vectors around thefj: |
Australian coastel region. It was determined from bay type‘end similar
geomagnetic fluctuations at period of 40O minutes. The direcfieﬁ"of fhe
vector is toward the deep ocean in the south east. | |

Three stations on the north coast of Tasmania, Bridport, Devgnppft
and Smithton are part of magnetometer array stetions af the south”easf

Australia done by Lilley (1973-1974). The vectors are for periods of
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5 = 20 minutes. The directions of induction vectoré at Bridport and
Devonport are toward a point slightly nprth of the line joining them.
An indication_ of electric current with a direction northwest to

south east passing

1 ) I i

Smith#ton

Devonport

| 1 1 1

| Figure 2 : Induction vectors around Tasmania. Hobart vector
is for 40 minutes period, and Smithton, Devonport
and Bridport vectors are for 5 - 20 minutes period.
® Lilley ( 1973 - 1974 )
O Parkinson ( ‘i962 )
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through conductive zone inland could be assumed.
To understand the behavior of induction vectors and to interpret the
possible conductivity structure of this area forms the objective of

this study.
I-3 CONDUCTIVITY VALUES OF ROCKS

The important pafameter involved invinterpreting the subsurface
structure derived from the geomagnetic variations is conductivity, i.e
reciprocal of resistivity. Its unit in electromagnetic unit is emu,
and in MKS units it is mho.m™' or Siemen.m™ .

1 Siemen.m-1'is equal to 10" emu.
Measurement of the conductivity value of rock in the laboratory was
discussed in detail by Scott et al(1967) and Duba (1978).

The conductivity of a cylindrical sample can be simply calculated

through measurement of its resistance in ohm, by the relation ;

R - L
T oA

where R is the resistance in ohm, L is the length of sample in meter,

o is the conductivity and A is the surface area in me.

Laboratory results of conductivi;y_valﬁes of roéks after-being satu-
rated inxvarious saturanfs'such as -tap water ( 0= 0.95 x 10"'2 S.m-1 ),
distilled water (Ao'ﬁ 044 x 102 S.m™] ) and 0.1 M NaCl done by

Duba (1978) are tabulated below.

TABLE 1 (after DUBA, 1978)

Lithology Saturated in

Distilled water Tap water 0.1 M NaCl

( San™' ) ( Sen™') ( s.n”1)
- -2 -1

Kayenta sandstone 0.4k x 1072 0.18 x 107 0.86 x 10
(Triassic) _ ' _
St. Peters sand- 0.23 x 1072 ' (.11 x 10~2 0.43 x 10~

“stone (Ordovician)
Indiana limestone 0.56 x 10~ 0.19 x 1072 0.12 x 10

(Upper Ordovician) : cont'd



Lithology Saturated in
Distilled water Tap water 0.1 M NaCl
( Sem™ 1) ( S.m™ ) ( S.m™ 1)
Nugget sandstone 0.52 x 10™2 0.30 x 1072 0.98 x 10°2
Westerly granite 0.11 x 1072 . 0.39 x 10~ 0.58 x 107>

(Upper Permian)

Limestone and granite are known for their low porosity, thus the
low conductivities after saturation are expected.
Measurement of:conductivity values of various rocks from the study
area were also done. The samples in the form of cylinders were clam-
ped as five layeré.sandwiches (electrode - blotter - sample - blotter
- electrode), and their resistances were measured using a Potentio-
metric Voltmeter ( "PORTAMETRIC" PVB'300, serial no. 43005?I);
To make a good contact bqﬁween the copper eleétrode and sample, wet
blotting paper saturated with CuSOh solution was used. The results
of measurement are tabulated in TABLE 2.

. TABLE 2
MEASURED CONDUCTIVITY VALUES

Lithology Not saturated Saturated in Saturated in

- " tap water brackish water

(s l)  (sam™ ) ( sem™ 1)

Clayey-sand 0.26 x 1072 - -
Loose sand 0.33 x 10°2 - -
Sandstone 0.59 x 10™2 - -
Basalt porous  0.66 x 107> 0.27 x 107> 0.20 x 107
Basalt compact 0.51 x 10™Y 0.77 x 1072 0.76 x 107>
Granodiorite 0.54 x 107> 0.28 x 107° 0.25 x 1072

Knowledge about measured conductivity values of rocks will give

some help tb generalize the conductivity distribution throughout the

area. But since the conductivity values of rocks inside the earth are

sensitive to temperature and compactness (related to water content),

interpretationvof conductivity structure on this basis need a high

presumption.



Chapter II

LOCAL GEOMAGNETIC YARIATION STUDIES IN NORTH EAST TASMANIA

The location of the study area is shown in figure 3, and the distri-

bution of the stations in figure L.

Bass Strait with 200 meters deep sea wvater separates Tasmania from the

mainland with a distance of about 400 kmsf

Eleven temporary stations were distributed throughout the area. The

names, abbreviations and geographic coordinates are tabulated on Table 3.
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TABLE 3

Station Abbreviation
Western Junction _WJC
Scottsdale SCD
Deloraine - DLR
Rosevale RSV
-Lilydale L1D
Nabowla ', NBL
Forester FRT
West Frankfbrd WFR
Pipers River PPR

" Beechford .BFR.
Tayene TAY

Latitude

41032145
41°09 147
41°31130
41°25139
41%1547
41°10134
41%04 144
41°18133
41997118
41°01158
41%21119

Figure 4 : Locations of geomagnetic observation points.

Longitude
147%121 24
147°31102
146°39134

146°55158

147°13127
147916158
147°40145
146°42156
147%6 140
146958102
147%27124

- .
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'/,” Parts of major Tertiary fault lines (Banks, 1962)

[—__] Cambrian and younger rock formations

Devonian granite = granodiorite

Siluro Devonian Mathinna Beds

7] Precambrian rocks .

Four stations, WJC, RSV, DLR and WFR are located on the area that
geologically has complicated structure with outcropped rocks ranging in
age from Precambrian and younger and covered by Tertiary sediments filling
a graben and relatively thin sills of Jurassic Dolerite.

The remaining seven stations, LLD, NBL, SCD, FRT, BFR, PPR and TAY
are located on the area which has relatively simple major geological
distribution of formations of Mathinna Beds and later intrusion of

Devonian granite - granodiorite type. The Mathinna Beds have a thickness

of at least 2 000 meters, but the total thickness is unknown (Banks, 1962)..
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Fig. 6 Structural features of Tamar area derived from

gravity anomaly (Leaman et al., 1976) .

Gfavity measuréments_have also'been made over this area during the
- period 1971 to'1975 (Lbngman et.al.,ﬂ971 and Leaman et al.,1976).
Theif regional gravity anomély maps éhow a regionai increase of ano-
'malybtoward the east that indicates a shallowing of the Moho.
Noticed also that the structural features derived from gravity anoma-
1lies (see figure 6) show many cupoias at the area between Nabowla,
Scottsdale and Tajené, that seem to associate with the existence of

mineralizatione.
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II-1 GEOMAGNETIC VARIATION MEASUREMENT AND CALIBRATION

The data of magnetic'variations at Western Junction and half of
Scottsdale were recorded uSiné a 3-components Fluxgate mégnetometér
known as TOPMAG abbreviatgd.from Tasmania Operation Magnetométer.
The‘magnetometer has no temperature control. To eliminate the effect
of temperature variation between night and day, thé detector was bu-
ried underground. From experience 50 cms of so0il on top of the détec-
tor was enough to eliminate the temperature effect.

The magnetic variation_data of the rest of the 9 stations and half of
Scottsdale were recorded using a commercial Fluxgate (EDA instrument
FM-100B, serialvnq. 2117). This magnetometer was put into #operation
dn July f978. The advantage of this new instrument is the built in .
temperature compensator; that means the detector does not have‘to be
buried.

MAGNETOMETER CALIBRATION

fo?MAG ¢ This magnetometer was calibrated using = built in gelmholtz

coils, in the form of two siﬁilar coaxial coils separated by a diétan-
ce equal to their common radigs‘én;'carrying current in the same direc-
tion. This formed the calibratinngoil system for each componépt, The
built in goils were tested aﬁd.calibrated against a standard Hélmﬁgiiz

coil (Askania, serial no. 582047). It was found that the built in coils "

have the following values := D = 27.5 nT/mA
H = 28.5 nT/mA
Z = 26.7 nT/mA

By applying known values of current into the coils, and measuring the
héedle deflection at chart recorder, the magnetometer semsitivity can
be calibrated. The sensitivity values are :

H = 4.28 nT/uim, Z = ll'.01 n'l'/mm
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FM 100 B FLUXGATE MAGNETOMETER
The wvalue of 10 Volts output from magnetometer is specified by
manufacture as more less equal to 1 000 nT ( manual FM 1063 )e
To find the accurate'value,_a clibration was done uging a square
coils. The specific parameters of this square coils are ; each coils
system has four_separated coil, whefe the outer coils have more.number

of turns of wire than the inner coils, as specified below.

Vertical field coils : 2 outer coils a = 0.27 m, N= 140, b/a = 1

7 inner coils - a = 0.27 m, N = 60, b/a = 0.26
Horizontal field coils: H oqter coils a =0.25my, N= 70, b/a = 1

H imner coils a = 0.25 m, N = 30, b/a = 0.26

where; a is half distance between the two outer coils, and b is half
distance between the two inner coils.
The value of magnetic field intensity and curreant ratio, resulting if a

‘current (I) is applied to the coils ( 4 square coils ) is determined as :
B Ay a’

= 4x XT3 T3

T (a%b’)|/2a+b

All the parameters are known values. Thus the sensitivity of this square

in Tesla/Ampere

coils in term of nf/ﬁA can be obtained.
. The vertical 2 field is  471.1 nT/ma
The horizontal H field is 254.4 nT/mA

The defector of particular component fo be measured-tﬁen oriented
parallel to the magnetié field direction of the coils, ;nd put right in
the middle. By applyingla known current value.into the coils, the out-

i
_put voltage from magnetometer can be measured. From measurements were

found the sensitivity{valﬁe'of magnetometer for each component as below :

92.2 nT/Volt

H component

:.D.COmpopen? 90.7 nT/Volt

Z component 90.8 nT/Volt
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II-2 DATA REDUCTION

The object of data reduction is to calculate the complex numbers
of transfer function values A and ﬁ from the group of discrete events of
threé compohents of geomagneﬁic storms, that fit into the statistical.
relation : AZ — A.AH +B.AD - at a particular frquency.
AZ_,AH and A D are the amplitude variations of geomagnetic components
on the>directions vertiéal down, magnetic north and magnetic east respect-
ively. |

The particular events that were of interest in this study are the
substorm type. Examples of the subétorms are shown in Plate I. |
It can be seen that the single_event, which in particular so called bays
provide an excellent signal which clearly étands out from the general

background activity.

SAMPLING

Data in the gnalog forﬁs which were recorded using two Rustrak type
288 and one Multiscript 3, were sampled partly by hand and partly by semi
automatic scaler.

Hour marks are 2.5 cms éparp‘and the full scale of the chart paper is
equél to about 240 nT. |

Because of the tiﬁé_résolution'( 2.4»minutes/mm ) an&'the blurred
image of éome of traces, hand digitized samples are considered reliable
only at 6 minutes intervéls, allowing anélysis of periods gfeater than or
. equai to 12 minutes. |

" Sampling using the scaler giveé results that are consistent with tpoée
done by hand, excépt that the sample intervals can be shorter.

The oufpuf of the scaler is converted to digital form and fed into
" the cdmputer; Values in between the scaled points are internally inter-

lated. The relative values of every component (in nT) and at particu-
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lar event were processed through INTERDATA 67/16 Computer and output
in the form of 8 hole binary code in_paper tabe as a preparafion for
Fourier analysis.

A vefy important thing to notice is the polarity of the'data being
'sgmpled, which means'ypich is the direction of magnetic north, ﬁagnetic
east or vertically dqwn; These polarities are used to determine. the di-
rection'of fhe induction vectors.

- Determination of those polarities were done_by the help of a permanent
magnet Béing put at some distance from the detector. After the detectors.
have been set up with H detector pointing north, D detector pointing east

and 2 defector vertical, polarities are determined as follows :

a) H polarity By applying the permanent magnet ( N pole

to north direction ) parallel to detector,

the direction of needle movement at re-

corder indicates south direction ( i.e

negative is south on chart in figure 7a de

'b) D polarity By applying the pe;‘panent magnet ( N pole
............ <»1v ’

to east direction )‘in line with the de-

teétor, the direction of needle movement

s N at recorder indicates east direction ( i.e

positive is east on chart in figure 7b ).

©) Z polarity o By applying the permanent magnet ( N pole
. Leett LT 1 .
ck . ...

points up ) vertically parallel to detec-

tor, the direction of needle movement in-

dicates down direction ( i.e positive down

on chart in figure 7c¢ ).

Figure 7 'k
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II-2-1 FOURIER ANALYSIS

Before the sampled t1me series of data were transformed.lnto the
frequency domaln, the amplltude data were calculated as the deviation
from a stralght line connecting the beginning and the end of the event.
Also the mean of the fiist and the last few numbers were padded with
zeros to 2" values. |

. The celculetion into the.frequency domain was done in the INTERDATA
67/16 Cemputer, using the Fast.Feurier,Transform subroutine that already
exists in the computer library; and output in the forms of Cosine (c)
and Sine ( 8 ) functions of Fourier coefficients of various frequencles
ranglng from the flrst harmonic to the one that has period twlce the
sampling interval, into paper tape as data which are prepared fpr the
" next comruting of the transfer function values A and B. .

Example of computed amplitude and phase spectrums of H, D ahd Z
cemponents plotted against periods are shown in figure 8.

The relatlons between amplitude and phase spectrums with the Cosine

s

(C ) and Sine ( S ) functions are :

Amplitude (w) = ( ¢+ 8

t
cr
N
B

Phase (w)

Flgure 8 is the plotted spectrums of the event at Rosevale for six

hours from 16 16 to '2216 in September 1978
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II-2-2 COHERENCY

A check of coherency between the vertical and'the horizontal com-

ponents was done using the equation ( Kanasewich, 1973 ) that was modi-
*
fied as 3 C — <Z B >

IR

is the Fourier transform of Z component.

where s

1

§. = He.co80 +D . sin 6 ( Hand D are the Fourier transforms

of H and D components respectively and © is the azimuth.

The asterisk * indicates the complex conjugate of complex

" number concerned.

The brackets<'>indicate averaging over all events. Notice
that averaging was done over events at constant period, not
over the adjacent perieds. |

Expected value for C is elose to one if Z is controlled by B. The
closer it is to one the more closely related are the two processes at
" .particular period.

Cohereucieeewere calculated for all values of ©. The maximum _
values and theAaaimuth of the induction veeters are shown in Table 4.

" The coherency values at peuleds 2#. 32 and 48 minutes appear quite

good at all statlons, except values ‘at #8 and 24 mlnutes at Scottsdale,
and value at 48 mlnutes at Forester. The direction of 1nduct10n vectors

jar
with relatively max%gam value generally coincide with the direction of

either the real or 1maglnary induction vector whichever is larger.
. . i . . %
it

i3

‘The coherency values calculated between magnetic component are
éenerally lower uhan between eeg-Exland'Hé in magnetotelluries.

For longer periods, the azimuth © of maximum lCI mostly eoineides’
with the directions of the imaginary induction vectors, while at short

periods it seem to associate_with the real one.
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TABLE 4

THE MAXIMUM VALUES AND PHASES OF COHERENCY AT VARIQUS PERIODS

Period .
in min.

96

48
32
ol
16
13

Period
in min.

9%
6h
L8
32
2k
16

13

Period
in min.

64
48
32
2l
13
16

DELORAINE
Direct. of . 1el
Induction
Vector ‘
180° 0.77
185° 0.76
20° 0.82
195° 0.75

30° 0.8k
195° 0.73
LILYDALE
Direct. of |C|
Induction
Vector
340° 0.51
340° 0.83
340° 0.86
320° 0.65
10° 0.55
250° 0.33
' SCOTTSDALE
Direction  |C|
of Induction
Vector
180° 0.49

- 170° 0.75
320° 0.56
320° 0.67 "
170° 0.51
290° 0.20

0.0

~

.Phase
‘of C

Phase
of C

49°
43°
-156°
=114°
29°
=11°
90

ROSEVALE
Direct. of ICI
Induction
Vector
160° 0.78
180° 0.71
190° 0.74
190° 0.93
190° 0.92

15° | 0.47
30° 0.40 |
. NABOWLA
Direct. of ic|
Induction
Vector
330° 0.46
340° 0.70
330° 0.83
340° 0.79
190° 0.70
350° 0.62
200° 0.39 -
FORESTER
Direct. of |c|
Induction
Vector

. 180° 0.49
180° 0.62
170° " 0.29
170° 0.86
170° ~ 0.92

- 280° 0.67

290° - 0.68

Phase

.of C

68°
88°
112°
134°
152°%
-1°

-162°

Phase
of C

75°
41°
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II-2-3 DETERMINATION OF TRANSFER FUNCTIONS A AND B

T?anéfer‘function values A and B are used to determine the in-
duction yec£0r7that has been often mentione@ earlief. The early method
is by»a using polar diagram that was developed by Parkinson ( 1962 ),

' where.the vector changes of the geomagnetic field tend to lie in a plane,

called by Parkinson as  ''preferred plane" for the station.

AZ : AD .
Also Sasai (1967) has plotted the ratios of—— against — fo
' AH AH

geomagneticlvariatiohs that have period of 30 minutes and shorter. The
plotted'points seem to lie on a straight line. By taking two pairs of va-

lues on that line, and inserting them into the equation :

AZ AD
— =A+4+ B. — the transfer functions A and B can
AH '~ AH T |

be found. The two methods that have been discussed above deal only with
the real part of transfer function. For few periods where the three com-
ponents are often out of phase, the 6alcu1ation of transfer function with
fhis’method becomes more complicated.

| For more valid treatment and calculation with wide range of frequency,
.the defermination of tpahsfer functions that was developed by Everett and
.Hyndman (1967) was used. Thg,récords which contain geomagnetic activity
( e.g substorm events ) were Eelectéd'ﬁnd,Fourier coefficients were obtained .
for tHe north, east and vertical components.

Eor ea@higtéfion a.gfqup of vélﬁes at particular”frequencyAthus
obfained, and these values theﬁ we#e used to find the best fit to the
equation 3 Z=.A._§ + Bb. D . -« All of transform values. consist |
éf real and imaginary‘parts. The equations involved in the calculation

are shown as below ( Everett and Hyndman, 1967 ) :
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these values wefe summed over n e&ents.
Thé bar above the letters indicates the conjugate of the complex
number concerned. The transfer function values A and B calcﬁlated
using this method are tabulated in Appendix 1 , and are plotted against

periods.andvshown in Plate II.

TRENDS OF TRAﬁSFER-FUNCTIONS AGAINST PERIODS

There areg two clear differences between the'tfansfer function (TF)
;alues in the areas east and west of the Tamar River, that can bé seen
especially from the real\parts of the TF.

The variation trends of TF values plotted against periods are shown
in figures 9 and 10. Most of the stations have TF irends varying
smoothly with period. The statioms with this condition are HJC? DLR,

RSV, WFR, LLD, PPR and FRT ( indicated by full circle in figure 11).
o /L\f fwf&fﬁﬂ’{a/ﬁh A&ﬁozen /6%/‘06[5 lo‘t'%
The trends at SCD and BFR are drawn'wi%h—thelée}p—ei relative low un-

certainty at groups ofATF'at'adjacént'periodSIWith small fluctuatipn
( indicated by half full circles 1n figure '1'11).."" TAY and NBL ti-ez;ds
are diffiéult té obtain, for tﬁéy have big values 6f upcertainty, eé-
pecially at periods in between 16 and 32 minutes at NBL (_seebPl I1-%7,
page 70). | | -

Thé graphs of trend in figures 9 and 10 show the appearance éf
anomalous characteristic of this area. By knowing' that the positive
A of TF has the north direction,. the negative A of TF has the south
direction, as well as'ti_ie'B of TF has the east direction for positive
value and west directioﬁ;fdr negative B vaiue of TF, thus by'examiﬁing
“the trends of thé,graphs in fiéures'il“énd10,, some informations can

be dérived as follows.
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Figure 10. B,reavl;z'trends of TF
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@ DLR

@ wuic

Figure 11

All of the ‘west side stations at periods shorter than»sa’minutes,

have positlve A real, and also p051t1ve B real (see flgures 9 and 10
except a part of shorter perlod at RSV, thus the direction of the
induction vectors will be to the north east.

At the east side, the statlons LLD NBL, and SCD ‘have negatlve values
- of A real, but other stations such as PFR, BER, FRT and TAY have posi=-
tive values ( fig. 10 ), meanwﬁile the B real af all stations in this
side of area have negative values at periods less than 32 minutes
-(.sge fig. 10 ). Thus the directions of the induction vectors will be
to the north west at PFR, érh, FRT and TAY,~apd to the south west at

¢
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LD, NBL and SCD.

By noticing that the west side stations have induction vectors
poiht to the north easf directions, and the east side stations point
to fhe south weét #nd north west directions. Thus the area in'befween
:east andbwest stations shows conductivity anomalies. |

The detail explanations about informations that can be derived from

induction vectors at various periods will be explained in Chapter III.



Chapter III

- INDUCTION VECTORS ANALYSIS AND INTERPRETATION

III-1 INDUCTION VECTORS

| Inductlon vectors applled in this analysis as has been mentloned
earlier follow ‘the one that was developed by Parklnson (1962), where the
vectors point toward the_hlgh conductive zone., The results of calculati=-
on ére taBulated in Appendix II; 'All the induction vectors at periods

96, 64, 51, 32, 24, 16 and 13 minutes are shown in figures 12 to 18.

INDUCTION VECTORS FOR PERIODS 64 AND 85 - 96 MINUTES ( Figure 12,13 )

The effect ofutﬁe coast from the deep ocean to the south east clear-
ly influencgs the induction vectors at this ranée'of peri§d; Although the
,effécf can be seen at‘all.of fhe stafions,'the weét side stations WJC, RSV,
'DIR and WFR afe more stable in -direction.

At all stations on the east side of the Tamar; as sooh as the period

2

~decreases to 64 minutes, there ié a slight rotation of the vectors to the
;éét. bThis indicate that the effect of deep lateral variations of conduc-
tivity to the west 6f these stations has sﬁartedrfo give some effect.
Notice also that the length of the Enduction vectors are shorter at the
stations on the north compared than those at the south, indicate the re-
duclng of deep sea - effectlna;?&sduth east dlrectlon. A |

The centre of the survey area is about 185 kms from the continental
slope.‘ On the basis of average coasf_effect ( e.g Parkinsop andﬂ Jones,

1979 ) a transfer function ﬁalues between 0.2 and 0.3 would be expected.

The observed average value of transfer in the study area is 0.22.

S25
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INDUCTION VECTORS FOR PERIOD 48 -~ 51 MINUTE (Figure 14 ) :

At this pefiod the induction vectors at DLR, WFR and RSV are free
from the influence of the southeast ocean effecf that occurs at ionger
peribds; and the‘dgeﬁ local lateral conductivity structure effect domi-
nates. | |
Induction vectors at LLD, NBL, SCD and FRT st’ill'have the same directi-
on as the vectors of longer periode. - |
‘ Eiplanation'for this is pd%sibiy another deep seated conductive zone
which occurs south of these stations, and that is stronger than the ef-

fects of the known zone along the Tamar.
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INDUCTION VECTORS FOR PERIODS EQUAL TO AND LESS THAN 32 MINUTES

~ ( Figures 15, 16, 17 and 18 )
. The induction vectogs throughout this_range of pgriéd aré free
from the souti éast cdaét effect, and thé remaining factors other
g.thAn inland anomaly_is fhg influence of induced'field from sea water
in Bass Strait.
Vectors at-ail sfafions 6n the west side clearly show the effect
of the'induced glectric”current near the Tamar graben in the NW - SE
direction, but at period less than 16 ﬁinufgé those at.WFR and RSV ro-
tate neérly to the north direction, where the iﬁducedvfield of Bass St;ait
has a dominant influence. N ~
This éombinafién of  land anomaly affected by induced fields in
Bass Strait is also shown at FRT,PPR,BFR and Bridport (Lilley,1973-1974).
a The direction of induction vectors at NBL, SCD,and TAY at three
—;;nges'of periods‘( 32, 24 and 15 minutes ) ﬁoint toward a zone éf
mihe:alization'( see figﬁre'G; page 10 of this paper., Leaman (1976)).
" 'The small ;engths and mdpe;6i less fandom directions ofAthe.
indﬁctiq? vecfors at PPR and LLD haveAbéén'mentiqned earlier aﬁpear to

be situated right in the middle of a conductive zone.
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III-2 SELECTION OF DATA FOR INTERPRETATION

., Sincg the induction vectors especially at short periods ( around
32 minutes ) already show an indication of :elativély ﬁighlj gonducfife :
zone that influences thé»diredtionfof the indpctién vectors, the possible
_electrical conductivity structu?e'thaf is responsible has to be interpreted.

AIt ﬁas been assumed that the coastal effect of the ocean to the soﬁtﬁ
- east has alregdy vahisheqkat this range of period. ,Qﬁly the induced current
?rom'sea water in Ba;s»strait remainly influencing the induction vectors at
- this ldéaliarea,-and the influence is mainly on_the imaginary transfé: func=
tion. . | |

The direction_of the coast line of this.area.is about 3§°no}th of
éast; It will bé assﬁmed that thé predominant condﬁcting zone is-linear
and oriented 350 west(of north. Thié can be justified by the geolbgical
structure and grain of the area, and the direction of induction vectors of
long period west of the Tamar.

At a period of 24 minutes (see figure 16, page 32) the induction
vectors at LLD, NBL and SCD point tovard a conducting zone inﬂa WSW direc~
tion.b However the random directions at othef-statipns on this east side
shoy that this area has ébmplicéted cbndngﬁivity ;tructuré,

| :Induced eléctrig'cnrrents'in thg preésumed_conducting zone,'Qith a
trend NNW-SSE, cause magneticvfield vectors in the direction 350 north'
of eaét.—~This is'parallel to the coast line and peréendicular to the
regionél structﬁre of geology as well as the direction of the conducting

.zoﬁe. The data used in a two-dimensional interpretation are the components
of the-indudtion fecfors projected onto a 1ing bearing 350 north of east.
The stations used are thbse along the trgvgrse from DLR to FRT.
| Considering the projeqtions 6f.véctors onto a line bearing 359north

of east is equivalent to consi&efing a "virtual event'" in which the hori-
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zontal field is linearly polarized in the direction E 350 N and has
unit amplitude.
» ) The projectlons of the real and 1mag1nary vectors then 1ndirate

the amplltudes of the in: phase and out of phase parts of the vertical
field.

| Orer a wide range of frequencies the imaginar& transfer function
vveétbrs fend‘tp lié in fairly uniform direction ( between'N and Nw ),

and vary in amplitude rather than direction. This is shown‘in figures
in Plate II, by the imaginary parts of A and B appearing as mirror

images of each other.

The imaginary transfer function vectors seem.tévﬁe controlled by
induction'in the shallow water of Bass Sfrgit,'and iny the real transfer
function vectors are4controlled py'cbnductivity variations on land.

For these reasons only the real part of the transfer function will be
~ taken moreAatfention in thé interpretation of inland anomaly. The con-
tour maps..6f the observed vector componénts'at periods of 85 .- 96, 6k,
48, 32, 24 and 1é-minntes are shoyp_in figures 19 to 21. h -

At all perioaS'these contoﬁr maps show that there is an apéroximat-
) ely “two dlmen51ona1 conductlvlty structure on the west 51de, while on
the east side a more complex structure is 1nvolved. A p0551b1e reason
for the compllcated structure of conduct1v1ty in the area to the east
is a compllcated boundary between the granite - granodlorlte mass and
the thick sedimentary Mathinna Beds. This would involve an edge.effect
Abetﬁeen-the low conductire igneous rocks and high conductive sédimentary
rocks.

‘The observed vector-comﬁonents that will be used as surfacé field
'observationg for the interpretationrare shown in’figﬁre 22. These va-
| lues then have to be fitted to the cavlculated.\.ralues from models of

conductivity structure.



- 37 -

a) T =85 min. o &

b) T=64min. | | - -4

Fig. 18
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a)

T=

48 min.

Figure 320
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a) T = 24 min. y

b) T=16 min. - ¢
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I1I-3 GEOLOGICAL INFLUENCE IN DESIGN OF MODELS

On the basis of magnetic field variations alone, the distribution
of laferal conductivity that fits the field observation in this region
consists simply of a high conductive zone lying between Deloraine énd,
Scottsdale. This follows from the ﬁigh values of thebcbmponents of
transfer functions with positive value ( e.g +O.30-for 32 minuteé period
at Deléraine.j, and gradually decreasing to east - northeast direction
and reaching zero around Liiydale, and becoming high negative at Scottsdale
( e.g -0.16 forl32 minufes perioa ), and toward Forester the valué increase
again. |

Because the geology shows that this region consists of seve:al
major rock formations which héve clear surface-boundaries, the surface
distribution of formation needs to be taken into consideration in the irn-
terpretation of magnetic variations.

The surface distribution of rock formations on the profile Deloraine
fofester basically follows the general distribution_of-major rock forma-
fions that dominantly cover this area ( see figure S, page 9 ). From
southwest tovnortheast there is Precambrian basement at southﬁest of
Deloraine, followed by complicated structure of Cambrian and younger
formations, Mathinna Beds and Permian sedimentary rocks, and granodiorite.

Based on geological evolutién,'a‘deep conductivity contrast situ-
ated between Lilydale and Rosevale was assumed. This contrast zoneAis
consistent with the boundary between confrasting types of Precarboniferous
rocks ( William, 1978 ); those to the east include turbidite type of rocks
as well as micaceous quartzwacke and mudstone sequence, of which fhe
Mathinna Beds are typical and those to the west are stable shelf deposits
such as interbedded quartz sandstone and mudstone and marine and terres-

trial sediments, quartz sandstone and conglomerate.
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This boundary may be related to the slight rotation of the induction
vectors to the west for the east side stations for period 64 minutes,

compared to the one with 85 - 96 minutes period.

III-4 METHOD OF INTERPRETATION

~ The cqﬁpﬁter program developed by Jones and Pascoe (1971) and
Pascoe and Jones (1972) were used to calculate the responsé at the Earth's
surface of two-dimensional conductivity structure. The program has been
modified due to errors that were pointed out by Williamson et al. (ﬁ974),
- by some changes to.the subroutine ITERE (iteration) frém-JoneS'and'Pascoe
(1971). Brewitt—Taylor ét‘al. (1976) érgued that the E-polarization for- .
mulas in Jones and Pascoe are inaccurate when the step-sizes of the numé-
rical grid around the point are uneven. |

By taking inﬁo account the argumegts above and by foliowing the
suggestion of Jones and Thomson (1974) a modification is used in which
tﬁe calculated results will be sufficiently accurate when the numerical
gfid spacings are not-too irregular. Also the program was slightly mo-
dified so as to compute the amplitude ratio.and phase difference betwéen
the vertical component and thé horizontal component of the field at eacﬁ
station, which enables a direct éomparison to be made between the obser-
ved response components and the surface values of a model calculation.

The computation was made first for 32 minutes period, where the
response appears to vary fairly uniformly with freguency, and-the values
at 32 minutes period seem to represent the frequenéy‘range between
0.03 éycle.min'.'1 to 0.06 cycle.min:1

In planning the model of conductivity structure from Deloraine to
Forester, the two-dimensional model with dimension 180 kms and 333 kms

for horizontal and vertical dimension respectively was taken.
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The top 110 kms of the vertical dimension was taken to represent the-
zero conductivity of the atmoéphere up to the base of ionosphere, where
the source bf the primary field that.is responsible for inducing currents
in the conductive zoné is.located.

The surfac? lateral variations of conductivity in general follow
the major geological formations in this area, and the conductivity values
which were taken in the computation are as follows. The value of grano-
diorite is taken toAO.54»x 1073 S.m-ﬁ, based on laboratory measurements
reported earlier, and this value is aléo in the range of conductivity
value of crystalline rocks ( granite, basalt etc ) at tﬁe'temperatufes
and pressures appligable to the crust ( Keller and Frischknecht, 1966 ).
The conductivity value for Precambrian basement is takén to be 0.11 x 10_3
S.m-1, which is also close to the range of conductivity value for the
crust based on laboratory measurement of crustal rocks by Brace (1971),

L s.m ]

which is range in between 0,10 x 10-3»to 0.10 x.10" m « The conduc-

tivity of the'underlying deep structure that is probably upper mantle,
2

is taken to be 0.20 x 10~ S.m—1, which is similar to the condudtivity
value at depth 20.-A30 kms under south eastern Australia according to
Woods (1979)e These values are reasonable as long as the effects such
as partial melting of mégma in the upper mantle or strong mineralization
in the crust are not involved, The condﬁctivity, of the Cambrian sedi-
mentary rocks have been chosen to. fit the observed transfer functionms.
The best falue of conductivity for the Cambrian rocks that crop out at
Deloraine ( figure-28 ) is 0.54 x 107 s.m”" based on the longer period
variations. Tﬁe shorter period variations require a conductivity of

0.11 S.m-1

for the superficial layer of Siluro - Devonian Mathinna Beds
to Tertiary sediments,

Several attempts have been made in modelling the conductivity
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structure to find the best fit to the observed data.
An early modél was done by assuming thét the highly conductive zone
betweep ﬂabowla and Deloraine, was bounded to the east by a granodi—
orite mass with lower conduétivity, and that these two formations were
underlain by Precambrian basement as the lowest ;onductive formation
(see figure 23). The calculated.surface values at the-éast side show
better consistency than the west side.

In the second»attempf(see figure 24), a higher conductive zone
at the west side that possibly represents the Cambrian formation, was
assumed to have thé same conductivity as the east conductpr. The re-
sults show that the east side responses fit fairly well to the observed
data, but the west side response is still lower than was expected. At
RSV the calculated response has increased slightly as a result éf
gradually increasing the conductivity of the western formation from
low to high value.

The third attempt waé by setting é fault»in the deep structure .
_ with downthrow to the wesf (gee figufe 25). The result improved the
résponse value at fhe west side, but reduced it to the east.
From here was defived a conclusion that the deep structure with relative-
1y high conductive was upthrow at the east area which underlies the
low conductive zone at this region. A higher conductivity value to
the west has to be taken to reach the highAobserved values at DLR and
RSV, as well 'as to match the dbserved values in the east stations.
The conductivity.structure as shown in figure 26 which includes a
highly conductive surface iayer'lying in between RSV and NBL is fair-
ly consistent with all observed data.

By realizing that thé east side conductor is dominated by granite-

granodiorite type of rocks with known value of conductivity. The ratios
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of conductivities in the model shown in figure 26 seem satisfactory.
The correct éctual conductivities can'be found by assigning a valge

to one rock formation and changing.all the others in proportion. The'
best determined conductivitj'is considered to be that of granodiofite

1.

is taken as 0.54 x ’10-3 Sem~ A closer fit to observations is obtained

if the-conductivity of the basement is changed to 0.20 x ’IO-2 S.m-1.

This increases the conductivity contrast on the east side.
The best fitting model to the 32 minutes period data for this
area is shown in figure 27. To compare this structure with other

possible structure that could be fitted to the 32 mihutes data, a cal-

" culation for’every possible frequency response was done. Results are

(=]

shown in figure 28. Considering the uncertainties of the observations
data, this fit seems satisfactory. Only the real parts of the induction
vector have been matched, because the imaginary parts seem to be domi-

nated by induction from the Bass Strait.
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II1-5 INTERPRETATION OF STRUCTURE

The conductivity structure derived from geomagnétic variation
study as shown in;figufe 28, shows five aifferent conductivities which
have been applied to éatisfy the.oﬁserved'magnetic‘fariafions as well
aé other results such as geology and gravity. Ai%hough the aetermination
*of.the depth, thickness and conductivity of the formations involved afé
shbjeét to cénéiderable uncertainty,'the few sfructural features thaf _
are responsible for the anomaly are probably fairly wéll defineé: For
example, the deep structure at a depth of 15 kms in the east side, that
has a“cbndﬁdtivity of about 20 times that of the Precaﬁbrian baéement,
is resﬁonsible for compliqating the conductive anomaly in the east side;
where the induction‘vectors~ have relatively smali amplitudes and random
in~directions, compared to the induction vectors in fhe west side.

" There is no'obvious reason why the»conductivity 6f tﬁe basemgnt
rock should be higher than either the Precambrian or granddiorite. The-
assumptioﬁ in gravity interpretation_is'that it is dehser than the over-
iying rocks, which suggests a lower porosity. If is unlikeiy, but
pérhapé not imppésible, that its increased.conductivity is due to higher
temperature. |

To the west siae the later sedimentations are underlain bj Precambrian
crust fhat has the lowest condﬁctivity value in this region. Since there
is no control of the observed anomaly to the west of Deléraine,'the base
of this Precambrian crust in that region is left in question.

The conductivify structure clearly shows that the area in the vi-
cinity between Scottsdale and some kilometers west of Deloraine has the
form of a basin, where sedimentation occured since Cambrian timés. Two

highly conductive layers were interpreted in this area. One overlies the

Precambrian basement,- being mainly Cambrian in age, and the other is the
highest conductive léyer, probably because of the high quatity of water

filling porous sediments.
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Chapter IV

CONCLUSIONS

Some significant indications have been gained from this geomagnetic

 variations study ;

1.

2e

L,

Local conductivity anomalies control the variations at periods less
fhan or equal to 48.minutes,'whi1e the deep sea effect gives a more
or less uniform direction of the real induction vectors for periods
greater than 64 minutés.- The induced current at sea water from the
Bass Str%it effects on the imaginary induction vectors atiéll peri-
ods greater than 16 minutes.

The surface high conductive zone with NNW - SSE trend, suspected
from earlier results has been confirmed between east of Deloraine
and west of Scottsdale.

There is a deep vertical boundary that separates éast formation
from west formation ﬁnder the Tamar zone. To prove'the continuation
of this béundary, more stations to the south are needed.

The regional gravity.trend-in the area indicates a fault at depth
with downthrow side to the west. The derived conductivity stfucture

is consistent with this assuming that the lower layer ( perhapsup-

~ per mantle ) is a better conductor.

Se

A localized zone of mineralization in between Nabowla, Scottsdale
and Tayene showsstrong influence on thé local éonducfivity anomaly.
Magnefic variation surveys always have small precision in determi-
nation df depth. Onerf the functions of this survey is to indicate
1ocationé at which magneto-telluric measurements should be done in
the future, and how differences is such measurements may be linked.
The area east of tﬁe Tamar River where 2 variations are small,

should be suitable for magneto-telluric investigations.
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. PLATE I

EXAMPLES OF THE SUBSTORM EVENTS
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Plate I-1

Substorm type variations from Western Junction ( WJC )
>“and Scottsdale ( SCD )




L . Plate I-2 _
Substorm type variations from Deloraine ( DLR ) and

Rosevale ( RSV.).
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Plate I-3

Substorm type variations from Lilydale ( LLD ) and
Pipers River ( PPR ).




Plate I-4

Substorm type variations from Vest Frankford ( WFR
Tayene ( TAY ).
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Plate I-5

Substorm typé variationé from Nabowla ( NBL ) 'an'd
Beechford ( BFR ). '
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Substorm typé.variations from Forester ( FRT ).




PLATE 1I
PLOTTED TRANSFER FUNCTION VALUES AGAINST PERIODS

Remarks : A is the real part of A transfer function (T.F).
B, is the real part of B transfer function (T.F).
‘A; is the imaginary part of A transfer function (T.F).
By

is the imaginary part of B transfer function (T.F).

Ar»and Br-are plotted as a function of periods (T), and
the vertical bars indicate the uncertainty of T.F at a
particular period.

Ai and Bi are plotted as a function of periods (T), both

in one T.F - T profile, to show-the mirror image charac-

teristic between A and B imaginary at almost all stations.

Notice that the uncertainty :values fdr A and B imaginary
are the same as A and B real, but are not drawn to avoid

a messSe.
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PLATE TIII

COMPUTED SURFACE VALUES FOR PERIODS
85, 64, 51, 32, 24 AND 16 MINUTES FOR
THE BEST FITTED MODEL OF CONDUCTIVITY
STRUCTURE DELORAINE - FORESTER 2 - D

PROFILE,"



- Ph-o

/+* THE CONDUCTIVE CONFIGURATION =/

O OO OQT TT T 3T 7 T -JVIM NIV M NV MR NN MM N NN Y ) NN
OO OQ|T T3 I I I 2-2MM MM MMM MMM M PN NN MMV N RV MM NV
QOO O T 2-T-F JF 2T T PN M MM M MV M M M A MM R N M NN N VY MY NN N N Y
O OO OCHT ITT I T T T -3IM M MM MMM MMMV NN NN N M) N NN MM D N
OO OQU T T T3 TT T 73 MMM MMM MM N M MM MMM MMM O NN
QOO OC 3 I3 T3 732 MM MM MMMV MM MM MMM N N DM MM NN VY
QOO OO T2 7 T T T 7T M MM M AN NN MM MMM M N NN NN N M NN N

ccecccco

OO OCNL

TN I T T GI PN MNN NN RO NN N MR NG N RO RO
F T T T T2 MM M M M MM N M) MM M NN N N M MY N MY N

O OO OOIN NS T T-3 7 T2 M MM MMM MM MM MM I MMM MMM D

QOO OO\N

OCCO OO
QOO0 OO
QOO0 OO
00O SO
QOO0 OO
QOO OO
OO OO
OO0 OO
OO0
OO0
COOLO
QOVOO
OO VOO
OO0
CCOOoO
=lolele )

F T T T 2N M MMM MM NN M) N M MY Y MY MY N MY Y M MY )
N NN T 3 3 M MM MMM M N NN MM I N MV R R B M A N D N
NN e R el e et L el e e e e Lo La Loaad ha na e La ba s e e aa Yag)
NN T T T T[NV NI NN I MO NI NN NI N N I N V) ) ) IV IV Y ) )
INNNINLE T 2 3 T[N M MMV N M M NN A M N MY N N A MY M VY MY )
NNNINET ST 3 3 2 [MM MV M VA M N MMM B MY A N A MV M M N N MM MY
DANINRT 3 < <3 -2[MM MIN M M N N M N M MY D M) MV MY V) MY A M) MY MR M)
NNNLT @ 2 <3 2 [N NI MMM M MMM N M N RN M N N N VYA N VY
VA NNES T 2 T 2NN NIV M MR N MY MM A M) 1) V) V) VY M N Y N ) ) N MY DY
[Tallailailal P P T TNV MM ) MY I Y AN N IV VD) N N V) V) ) Y V) N VY N IN)
DN Y] N NIFA I MY PN MM ) MY M) MY ) MY NN MY Y D)
(VRITAY alvalie 1 K o) NN IMINMINMINIIVIMINGI MOMMININIMMNIN MM YNNI
WIN NNt =tk O VT M) MR 1) 19) MR VI ) ) M) NN ) VY O V1Y) )

DN NN et o=t o=k (NN O\
YUY Yt ot e=ak\) (LN
N UL Nt o= o=\ U O
[Tallaliallallal o R 2 o) SV I NI N ]

N ANV N V) NN VI V) V) IV ) ) VYD) (Vv IV ) )
Y NI ) Y PO (N Y V) M) NI PN NN MM Y N
Lalaalsl alialoal sl sl aliabial alogloslogl alogl adogl ol ol gl
WY MM I IV R NIV IV VY N VA M VA N MY Y M NI A MY

O OO OOINIMNININT= = =N NN Lalalialoalal ol aloaloalaboal ool ala R alonl 2l aloeloalog]
O O OO MININ Ut vt =t NI N Y14 VY M NV VAV V) N VY NI IV B M V) MY A Y
QOO OO N riv=t v omd ot =\ IO MMM N M NI M N MM NN N N M PN N N

OODOO
SO0 0O
OO0 OO
(=¥ ealee Lo Low)
QOO o0
OCQO OO0

O OO OO rd il N I NI NN

N b v ot ot vl ol [N A O\
U U et ot gt omd 9md od NN
1A U et ot ot o=t o=d o=ti0\J O\J O\J
vt ol vt el omd et ol 0t IO\ O\ O\
vl ot et et vt o= N O O
o et et e ot o |\ \J \J

MMM N N M NN N MR MM N MM N N D VY
MYMNIMY N MY VA Y NIV N MY N WA N MY VY MY AN Y )
MMM MY MY 8 MYV ) NN MY ) N Y N NN N VD
MNP M) MM N MY Y M) NN M) N D N NN Y MY
MMM M MM M N N RN N NN MM N RN N M
MMM M MM M MM N NN MM N M VD NN VY

O OC OO|mi et NI NN ONINI NI MM MY MM M NN N N V) MV M) M N IS D N
QOO OO NN N NN NN NN MIMING MY NN N MY B DA N RN VY MY Y MY Y )
O OO OO VNN NN NN N M MNY M) MM M NN N M AN N N M N N
AN FU DO MO0 O ™\ M O A O O NIM F N ON DA O~ M T INON DN O

ot et v gd v et 4 O NN O AT N MY NI M MY N MR NP
.

MY NN M N V) Y MY VY VY I VA N ) ) MY I A V) MY

SKIN DEPTH

S IGMA

N
*N DO M

(B R R 2 A% &
I X282 R 2 &
REREAS RS
I 22 222 4]
I E 2 8222 2
L E A XX R X X 4
I X E X2 2 &
AANER TR R
AR REREE N

o COOO0OQOO0

O NM-IF N O OO WA WL,

Plate III-1

Conductivity model répresenting the structure of the area
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CALCULATED SURFACE VALUES COMPUTED FOR THE MODEL WITH 64 MINUTES

PERIOD AND STOPPED ON TOTAL 110 NUMBER OF ITERATIONS
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CALCULATED SURFACE VALUES COMPUTED FOR THE MODEL WITH 32 MINUTES

PERIOD AND STOPPED ON 284 TOTAL NUMBER OF ITERATIONS
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-CALCULATED SURFACE VALUES COMPUTED FOR THE MODEL WITH 24 MINUTES

PERIOD AND STOPPED ON 381 TOTAL NUMBER OF ITERATIONS
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CALCULATED SURFACE VALUES COMPUTED FOR THE MODEL WITH 16 MINUTES

PERIOD AND STOPPED ON TOTAL 500 NUMBER OF ITERATIONS
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Plate III-7



APPENDIX I

LISTS OF CALCULATED TRANSFER FUNCTION
OF STATIONS

‘1. Western Junction
2. Scottsdale
e Deloraine
L, Rosevale
5. Lilydale
6, Pipers River
7. West Frankford
- 8., Tayene
9.- Nabowla
.10. Forester
11. Beechford



Appendixml

CALCULATED TRANSFER FUNCTIONS

Stafibn name ¢ Western Junction

Events used | s 14

Sampling interval : 2.0 minutes

' Recording period : 9/2-1978 until 13/3-1978

L]

Period : 128.0 minutes Real Imaginary' Uncertainty
. | A -0.31 +0.30 "+ 0,18
B +0.21 © +0.08 + 0,18
Period : 64.0 minutes | |
A -0.12 +0.33 + 0,17
B +0.24 -0.02 + 0.20
Period : 42.7 minutes
| A +0.03 +0.26 + 0.21
B +0.16  -0.07 + 0.13
Period : 32,0 minutes o
A +0.0k +0.27 + 0.19
B +0.12 -0.06 + 0.13
Period : 25.6 minutes _ _
A +0.11 +0.27 + 0.27
B +0.07 -0.08 + 0.21
Period : 21.3 minutes '
A 40.10 +0.08 + 0,18
B +0.06 40,01 + 0.12
Period : 18.3 minutes _
A +0.09 +0.09 + 0.21
B +0.09 -0.02 + 0.15
Period : 16.0 minutes ,
A +0.13 +0.10 + 0,19
B 40.09 . -0.01 + 0,18
Period : 14.2 minutes
| A +0.04 +0.06 + 0,16
B +0.12 +0.01 + 0.1k
Period : 12.8 minutes '
0.1 40.03 + 0,17
~ B ~0.01 +0.06 + 0.17
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Scottsdale

11

Sampling interval ¢ 2.0 minutes

Recording period  : 15/3-1978 until 13/5-1978

Station name

Events used

.~ Period : 128.0 minutes Real Imaginary  Uncertainty
' A -0.38 . +0.22 . + 0431
| B 40.17 -0.07  + 0.2k
) Period : - 85.3 minutes _ ' _
. | A -0.26  40.26 + 0.27
| B 40.15 +0.10 + 0.35
Pgriod.: 64.0 minutes . ' |
| A -0.25 +0.26 + 0.20
. B +0.15 -0.06 + 0.16
Period 51.2 minutes ‘
| A -0.33  +0.08 + 0.25
, _ B  +0.1% = <0.11 + 0.17
Period 1 U42.7 minutes ’ . '
A -0.27 +0.16 + 0.28
o B +0.0k -0.15 + 0421
‘Period : - 36.6 minutes I ' '
. A -0.04 +0.17 + 0422
B -0.0k4 -0.20 + 0417
Period {» 32.0 minutes ) » )
| R -0.16 0 s0.22 + 0.19
B +0.07 -0.25 + 0.19
Period : 28.4 minutes ' ,_;
A -0.18 +0.08 + 0,16
| B -0.07  -0.20 + 0.20
/' Period : 26.6 minutes = | | B
B A -0.1k 40.10 + 0.15
| B +0.10 +0.01 + 0.28
Period : 23.4 minutes
A -0.19 +0.10 + 0.17
‘ B -0.13 -0.17 + 0.11
Period : 21.3 minutes -
A +0.03 40,02 + 0.16
- ‘ B =0.11 -0.22 + 0.23
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Period : 19.7 minutes Real Imaginary Uncertainty
' A -0.1k4 +0.09 + 0.1k
B -0.05 -0.09 + 0.16
Period : 18.3 minutes ‘
A -0.15 - +0.0k + 0.2k
| B -0.19 -0.05 + 0,34
-Periodv: 171 minutes
A -0.21 +0.01 + 0.18
, B -0.03 +0.05 + 0.15
Period : 16.0 minutes ' '
A =0.15 +0.03 + 0.16
B -0.03 ~ -0.06 + 0,16
Period : 15.1 minutes '
A -0.0k - =0.03 + 0.12
B +0.04 -0.13 + 0.11
- Period : 14.2 minutes
A -0.18  -0.02 + 0.29
| B -0.20 -0.06 + 0.b2
Period : 13.5 minutes
- A -0.0k -0.03 + 0.16
B +0.04 +0.05 + 0.19
Period : 12.8 minutes
| A +0.06  -0.03 + 0.16
B -0.15 -0.03 + 0.16



Station name

Events used

Sampling interval

‘Recording period

Period

Period

-Period

Period

Period

Period

Period

Period

.0

e

96.0

'48.0

32.0

2hk.0

19.2

16.0.
13.7

" 12.0
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: Deloraine

9

: 6,0 minutes

minutes

A

B
minutes

A

B
minutes »

A

B
minutes

A

B
minutes

A.

B
minutes

A

B
minutgs _

A

B
minutes

A

B

Real
—0021
+0.17

+0.16
+0. 15

+0.32

+0.12

+0.15

+0.17

+0028

+0.13

+0.48

+0.10

+0.15
+0.25

+0.40
+0.38

"t 10/6-1978 until 16/9-1978

Imaginary

+0039 )
-0.05

+0.38
+0.09

+0 . 1th

+0.34
+0.06

+0.28
+0.06

+O.22
"oooLl‘

+0.0‘+
+0.04

+0.0k
+0.00

Uncertainty

+

+

I+ 14+

'+

1+

1+ 1+

1+ i+

t+

1+

I+ 14

1+ 14

0.26
0.20. -

0.43
0.30

0.26
0.20

0.31
0.32

0.32
0.31

0.49
0.37

0.23
0.16

0.25
0.31
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Station name ¢ Rosevale
Events used 13 '
Sampling interval : 6,0 minutes
Recording period = : 16/9-1978 until 20/10-1978

Period t 96,0 minutes Real Imaginary "Uncertainty
| A -0.12 +0.49 4+ 0,28
B +0.23 -0.12 + 0.48
Period : 64.0 minutes .
“ A -0.0% +0.38 + 0,23
B +0.13 0.00 + 0.23
Period : 48.0 minutes .

A +0.09 +0.23 + 0.21
B +0.03 - +0.04 + 0,12

Period : 38.4 minutes

| A +0.0k +0.10 + 0,15

_ B -0.07 +0.12 + 0.16

Period : 32.0 minutes
A +0.17 +0.18 + 0426
| B +0.06 -0.02 + 0.34

Period : 27.4 minutes
A 40.12 +0.15 + 0.7
B +0.07 +0.01 + 0,17

Period : 24.0 minutes
A 40.20 +0.13 + 0.25
B +0.06 +0.02 + 0.25

.Pefiod ¢ 21,3 minutes

’ A +0.04 = 4+0.06 + 0.15

B =0.01 +0.17 + 0.15

Period ¢ 19.2 minutes
| A +0.12 +0.03 + 0.13
B -0.02 +0.11 + 0.12

Period : 17.5 minutes |

A +0,07 -0.03 + 0.12
B =0.01 +0422 + 0.13
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Period : 16.0 minutes - RealX Imaginary Uncertainty

A +0.15 -0.03 + 0.12
B +0.06 +0.08 + 0.20
Period : 1%4.8 minutes o _
A +0.20 +0.06 + 0.15
B 0.00 +0. 1k + 0,25
Period : 13.7 minutes
| A +0.27 -0.02 + 0.19
o B -0.03 -0.05 + 0512
Period : 12.8 minutes _
A 40.12 +0.02 + 0.15
B -0.15 +0.09 + 0,19
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Station name o v:.Lilyéalé

Events used : 9

Sampling interval : 2.0 minutes

Recording period : 20/10-1978 until 8/12-1978

‘Period : 128.0 minutes’  Real Imaginary Uncertainty
A -0.3h +0.17 + 0433
| +0.13 -0.09 + 0.1k
_ Period @ 85.3 minutes _ |
| A -0.17 © +40.15 + 0.21
B +0.07 0.1k + 0,19
Period : 64.0 minutes ' | |
A -0.19 +0.15 C+ 0.33
B +0.02 ©=0.10 + 0.25
Period : 51.2 minutes
A -0.15 +0.19 + 0otk
B +0.05 -0.13 + 0,13
Period : 42.7 minutes
A -0.05 +0.18 + 0.16
B -0.03 -0.18 + 0.25
Period : 36.6 minutes
A -0.07 +0.21 + 0.16
B -0.01 -0.19 + 0,14
Period ¢ 32,0 minutes | '
A =0.03  +0.19 + 0.21
B -0.08 -0.15 + 0.17
Period : 28.4 minutes
' A +0.02 +0.18 + 0,19
-0.08 -0.16 + 0,19
Period : 25.6 minutes _ N
A -0.08  +0.11 + 0.16
B -0,04 -0.12 + 0,13
Period : 23.3 minutes
A -0.05 +0.17 + 0.18
B -0.05 -0.16 + O.14
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Period : 21+3 minutes Real Imaginary Uncertainty
A +0.02 +0.10 + 0.17
B =0.11 =012 + 0.20
Period ¢ 19.7 minutes .
' A -0.02 +0.09 + 0,10
B -0.05 -0.12 + 0415
Period : 18.3 minutes
A 0.00 +0.0k + 0,15
. ' _ B =0.10 -0.09 + 0.17
Period : 17.1 minutes '
A -0.04 +0.11 + 0,16
B -0.07 -0.09 + 0.1
Period : 16.0 minutes ' '
| A 40,02 +0.11 + 0,12
B -0.02 - -0.06 + 0.11
Period : 15.1 minutes |
A 0.00 +0.0k + 0.08
| B -0.08 ~0.07 + 0410
Period : 14,2 minutes _
A -0.03 +0.03 + 016
B -0.12 -0.03 + 0.13
Period : 13.7 minutes ‘
A 0.00 - 40,02 + 0.03
B -0.07 -0.02 + 0.08
Period : 12.8 minutes
A -0.03 +0.09 + 0.02
B +0.03 ~0410 + 0,03
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Station name ": Pipers River -
Events used : 15
Sampling interval ¢ 3.0 minutes

8/12-1978 until 16/2-1979

Recording period

Period : 96.0 minutes * Real Imaginary Uncertainty
| | A -0.13 +0.37 + 0.18
| B  +0.09 -0.04 - + 0.18
Period : 64.0 minutes .
S A -0.08 +0.30 + 0.20
B  +0.05 - =0.07 + 0.13
Period : 48.0 minutes ' , _
' A -0.01 +0.26 + 0.18
B  +0.01 -0.11 +.0.11
Period : 38.4 minutes - :
| | A +0.11 . +0.18 + 0.7
‘B -0.12 -0.13 + 0.19
Period : 32.0 minutes _
A +0.04 +0.23 + 0.09
B -0.02 . =0.09 + 0.08
Period : 27.4 minutes | |
A +0.10  +0.17 + 0.09
| B -0.03 ~0.09 + 0,13
Period : 24.0 minutes . _
A +0.06 40,13 + 0.08
B -0.08 -0.07 + 0.07
Period : 21.3 minutes .
A 40.06 +0. 14 + 0.09
B -0.03 -0.0k4 + 0.1
Period : 19.2 minutes
i A +0.02 40,08 + 0,07
B -0.07 -0.03 + 0.06
Period : 17.5 minutes ' _ - '
| A +0.03 +0.09 + 0.07
B +0.01 +0.03 + 0.07
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 Period : 16.0 minutes Real Imaginary Uncertainty
| A +0.13 +0.06 + 0.11

Period : 14.8 minutes

A +0.03 40,04 + 0.07

B -0.09 ~0.01 + 0.09
Period : 13.7 minutes '

A 40.02 - +0.05 -+ 0.07
) B -0.0k -0.03 + 0.06 .
Period 3 12.8 minutes ‘

A +0.09 T +0.04 + 0.09

B =0.11 -0.01 + 0,10
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Stafion name s West Frankford"
Events used : 15
Sampling interval ¢ 3.0 minutes

16/2-1979 until 20/3-1979

Recording period

Period :. 96.0 minutes Real Imaginary Uncertainty'

A -0.13 +0434 + 0.19
B +0.09 -0.06 + 0.15
" Period : 64.0O minutes ' ' o
~ A +0.03 +0.26 + 0.16
| B +0.15 -0.01 + 0.13
Period : 48.0 minutes . .
A +0.06 +0.26 + 0.13
B +0.12 -0.05 + 0,07
Period ¢ 38.4 ﬁinutes
A +0.10 +0.23 + 0.15
B +0.06 -0.0k + 0.16
Period -: 32.0 minutes
A +0.16 +0.19 + 0.1
B +0.02 -0.03 + 0.12
Period : 27.4 minutes
A +0.12 +0.17 + 0.15
B +0.05 -0.08 + 0.15
Period ¢ 24.0 minutes |
A +0.22 40414 + 0.1
B +0.07 -0.05 + 0.17
Period ¢ 21.3 minutes . ‘ ' A
A +0.23 +0.16 + O.14
B +0.05 -0.0k + 0413
Period : 19.2 minutes )
' A +0.25 +0.07. + 0.30
B +0.03 -0.03 + 0.11
Period : 17.5 minutes
A 40.19 +0.06 + 0.17
B +0.04 -0.09 + 0.15
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Period : 16.0 minutes Real Imaginary Uncertainty
A 4019 +0.01 + 0.11
_ B +0.01 - =0.02 + 0.15
Period : 14.8 minutes _
| A +0.21 © 40,05 + 0.15
B 0.00 -0.01 + 0.15
Period ¢ 13.7 minutes _
A +0.18 +0.03 + 0.13
. - B +0.02 +0.01 + 0,12
Period : 12.8 minutes '
A +0.19 +0.03 + 0.13
B -0.03 0.00 + 0.15
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Station name 3 Tayene
Events used ¢ 15
Sampling interval  : 3.0 minutes

20/3-1979 until 12/4-1979

Recording period-

Period : 96.6 minutes. Real Imaginary Uncertainty
A =0.30 +0.07 [ + 0.23
B +0.11 -0.21 + 0.35
. Period : 64.0 minutes | .. |
| A -0.30 +0. 1k + 0.19
B -0.01 ~0,12 + 0.16
Period ¢ 48.0 minutes .
A -0.07 -0.05 + 0.19
B ~0.06 -0.28 + 0,28
Period : 38.4 minutes
' A =0.16 +0e11 + 0.33
B  -0.15 -0.31 + 0.26
Period : 32.0 minutes
A +0.12 +0.0k +.0.22
B ~0,10 =0,17 + 0.20
Period : 27.4 minutes '
A -0.09 -0.12 + 0.33
B -0.29 -0.11 + 0.32
Period : 24,0 minutes ‘
| A +0.12 +0.13 + 0.29
B -0.1h -0.29 + 0.30
Period : 21.3 minutes
| A +0.05 -0,02 + 0421
B -0.18 -0.05 + 0.2k
Period : 19.2 minutes
| | - A 40.20 -0.04 -+ 0.22
B -0.0k 0.00 + 0.18
Period 3 17.5 minutes '
A +0.22 +0.07 + 0.23
‘B =0.0k4 -0.18 + 0.21
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16,0 minutes Real Imaginary Uncertainty

Period :

A +0.11 0.00 + 0.19

B -0.11 -0.08 + 0.23
Period 3 14.8 minutes ' ’

A 0.00 +0.11 + 0.27

B  +40.16  ° =0.09 + 0.29
Period : 13.7 minutes

A +0,04 +0.02 + 0.4o
- B +0.31 - 40.02 + 0.32
Period : 12.8 minutes

A +0.,03 =0.02 + 0.21

B +0.23 +0.06 0.30

1+
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Nabowla

12

Sampling interval ¢ 2.0 minutes

Recording period s 12/4-1979 until 3/7-1979

Station name

.

Events used

Period : 128.0 minutes . Real Imaginary Uncertainty
A -0.37  +0.25 + 0,34
B . +0.14 -0.10 + 0.26
Period :"85.3 minutes ' '
- | A -0.30  +0.23 + 0.37
B  +0.01 -0.23 + 0.26
Period : 64.0 minutes
A =0.36 +0.25 + 0.31
‘ B -0.03 -0.23 -+ 0.2k
' Period : 51.2 minutes | :
A =0.31 +0.31 + 0433
B  +0.03 -0.24 + 0.4
Period : 42.7 minutes ‘
A =0.37 +0.17 + 0.35
| B 40,06 - =0.13 + 0.25
Period : 36.6 minutes _
A =0.40 +0.22 + 0.37
B -0.05 -0.12 + 0.28
Period : 32.0 minutes } . .
A =0.27 +0.31 + 0435
B  +0.05 -0.25 + 0.29
Period ¢ 28.4 minutes -
A -0.37 -0.02 + 0,33
S B -0.18 -0.16 + 0,22
Period : 25.6 minutes
A -0.20" +0.23 + 0.28
B =0.12" -0.14 + 0.20
Period : 23.3 minutes '
A -0.52 +0.15 +0.41
B -0.06 -0.17 + 0.31
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Period : 21.3 minutes- Real Imaginary Uncertainty
A -0.20 +0.23 + 0.21
B -0.11 ~0.23 4+ 0.2k
Period : .19.7 minutes o
A =0.32 +0. 1k + 0429
B -0.05 -0.28 + 0.25
Period : 18.3 minutes .'
A -0.29 +0.27 + 0.36
. B -0.01 -0.14 + 0.19
Period : 17.1 minutes | ' ‘
A -0.54 -0.08 + 0,42
B -0.15 -0.1k4 + 0.2k
Period : 16.0 minutes . '
A -0.bh +0.22 - + 0.48
B +0.01 -0.21 + 0.36
Period : 15.1 minufes ) .
A -0.56  40.16 + 0.71
B +0.0k -0.07 + 0.41
Period : 14.2 minutes
' A -0.48 +0.07 + 0.34
B -0.08 -0.29 + 0.3k
Period ¢ 13.5 minutes :
A -0.43  40.13 + 0.4
| B -0.14 ~0.19 + 0,29
Period : 12.8 minutes
A -0.48 _ +0.13 + 0.39
+ 0.28

B -0017 -0017
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Station name : Forester
Events used , s 13
Sampling interval ¢ 2.0 minutes

Recording period : 8/8-1979 until 14/16-1979

Period : 128.0 minutes ' Real _ Imaginary ~Uncertainty
| A . -0.10 +0.16 + 0.16
B +0.26 . +0.10 + 0.23"
Period : 85.3 minutes S
S ' A -0.14 +0.53 + 0.53
B +0.16 +0.09 + 0.38
Period : 64.0 minutes |
A -0.2h +0.23 + 0.2k
B -0.0k -0.07 + 0425
Period : 51.2 ﬁinutes ' _
A -0.20 40433 + 0.31
| B 40,23 ~ 0.00 + 0429
Period : 42.7 minutes
A -0.07 +0.29 4+ 023
| B +0.11 -0.09 + 0.19
Period : 3646 minutes
A =-0.04 +0.33 + 0.68
B  +0.06 -0.13 + 0466
Period : 320 minutes
A -0.02 | 40433 + 0439
B 40,04 -0.16 + O Lk
Period : 28.4 minutes
A +0.12 +0.23 + 015
B =0.01 - =0.21 + 0,20
Period : 25.6 minutes ]
A =-0.02 +0.18 + 0.17
B =0.08 -0.07 + 0.20
Period ¢ 233 minutes
"A 40,05 +0.28 + 0.20
B -0.06 ~0.16 + 0.21
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213 minutes . Real imaginary Uncertainty

Period ¢

A +0.03 . +0.16 + 0.15

B -0.16 -0.12 + 0.20
Period : 19.7 minutes '

A +0.06 +0.20 + 0.19

B -0.17 -0.16 + 0.25
Period : 18.3 minutes ’

A +0.7h4 +0.08 + 0.18
) B -0.21 ~0.19 + 0.26
Period : 17.1 mihutes _

A +0.11 +0.06 + 0.28

B -0.18 - =0.23 + 0.43
Period : 16.0 minutes .

A +0.02 +0.13 i 0.12

B -0.11 ~0.26 + 0.13
Period : 15.1 minutes o

A +0.06 +0.18 4+ 0.08

B =0.07 '-0.32 + 0,19
Period : 14.2 minutes

A 40,07 +0416 + 0.17

B -0.06 -0.17 + 0.26
Period ¢ 13.5 minutes ’

A +0.02 +0409 + 0,12

B -0.27 +0.,02 + 0435
Period : 12.8 minutes

A +0.08 +0. 1k + 0.15

B -0.29 -0.01 + 0.26
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Station name } Beechford T

Events used H 9

Sampling interval : 2.0 minutes

Recording period  : 3/7-1979 until 8/8-1979

Period : 128.0 minutes Real Imaginary Uncertainty
A =0.29  40.19 + 0.26
B +0.11 -0.06" + 0.11
. Period : 85.3 minutes
) ' A -0.18 +0.28 + 0.19
B -0.01 -0.18 + 0.16
Period : 64.0 minutes ‘ , |
A -0.10 +0.36 + 0.19
B -0.04 -0.25 + 0420
Period : 517.2 minutes v . ' _
| A 0.0  4+0.51 + Ok
B +0.01 -0.18 + 0.23
Period : 42,7 minutes
‘A -0.05 - 40.19 + 0.28
B =0.19 -0.12 + 0.23
Period ¢ 36.6 minutes |
A -0.03 +0.12 + 0.20
B -0.15 = =0.13 + 0.15
Period : 32.0 minutes
A +0.05 +0.20 + 0.26
B =0.14 -0.18 + 0.21
Period ¢ 28.4 minutes _
| A 40,09  40.17 + 0.28
B -0.20 ' -0.20 + 0.25
Period ¢ 25.6 minutes )
A +0.08 +0.21 + 0.22
B -0.21 -0.23 + 0.20
Period : 2343 minutes
A +0.02 +0.19 + 0.19
B -0.16 -0.19 + 0.16
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Period ¢ 21.3 minutes- Real Imaginary Uncertainty
A -0.02 -0.02 + 0.28
B -0.25 +0.09 + 0.19
: Pefiod ¢ 19.7 minutes |
A +0.15 "~ 4+0.06 + 0.18
| B -0.26  0.00 + 0,16
Period ¢ 18.3 minutes .
A +0.22 -0.03 + 0.20
. B -0.25 -0s15 + 0.18
Period ¢ 17.1 minutes o | '
A +0.04 +0.16 + 0.26
B =0.13 +0.06 + 0.25
Period 3 16.0 minutes
A 40,02 +0.09 + 0.13
B =0.11 +0e13 + 0.20
Period ¢ 151 minutes '
| A +0.06 -0.03 + 0419
B -0.2k +0.05 + 0.26
~Period : 14e2 minutes
A +0.07 -0.09 + 0.26
Period : 1365 minutes & _o'lf to-°1 r ©38
A +0.26 +0.06 + 0429
B 0.3k -0.07 + 0.30
Period ¢ 12.8 minutes S
| A 40,06 +0.06 + 0.15
B -0.24 +0.03 + 0,20
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LISTS OF CALCULATED VALUES OF AZIMUTHS (¢)
AND LENGTHS (L) OF THE INDUCTION VECTORS
OR 'PARKINSON VECTORS'



Appendix II

CALCULATED VALUES OF AZIKUTHS (@) AND LEHGTHS (L) OF
THE INDUCTION VECTORS

The values @, © and L are derived from the equations :
—1 2 2
@ = tan” VA" + B
-1 B
® = tan -
A
L = sin @
The abbreviation for each station are ; DLR - Deloraine, RSV - Rosevale,
LLD - Lilydale, NBL =~ Nabowla, SCD - Scottsdale, FRT - Forester, WFR -
West‘Frankfbrd, PPR - Pipers River, WJC - Western Junction, BFR -

Beechford and TAY - Tayene.

Note : Since the magnetic declination or variation at Launceston area
is about 12.5° to 13.0° East, for the Epoch 1970.0 ( Journal
ASEG, ppo 139, volo 10, Nno. 1, I'iarch 1979 )

all the ¥ values have to be added by 13° to the east.

Real (13 minutes period)

DLR RSV LLD NBL SCD FRT WFR PPR WJC BFR TAY

Direction  NE NV SW SwW NW NW NW NW NW NW NE
g 5141 10.6 73.3 19.5 68.2 66.0 09,0 50.7 - Ok.1 76.0 82.6
2] 21.7 09.3 06.0 27.0 09.2 11.4 10.9 08.1 08.0 - 13.9 13.1
L 0.37 0.16 0.10 0.45 0.16. 0.19 0.19 0.1% 0.1% 0.24 0.23

Imaginary (13 minutes period)

Direction €NE NE NJ N4 SW Nd NW N NE NE  SE
g 36.9 77.5 u48.0 52.6 45,0 Oh.1 00.2 1.0 63.4 26.6 71.6

e 2.9 5.3 7.7 12.1 2.4 8.0 1.7 2.4 3.8 3.8 3.6

L 0.05 0.09 0.13 0.21 0.0k 0.14 0.03 0.0% 0.07 0.07 0.06

Real (16.0 minutes period)

Direction NE NE W SE SW NW NE N NE NV NW
g 19.7 07.6 45.0 01.3 11.3 69.8 03.0 53.1 3k.7 80.5 L45.0
o 16.6 08.6 01.6 23.8 08.7 11.5 10.8 05.7 09.0 13.7 08.8
L 0.28 0.15 0.03 0.40 0.15 0.20 0.19 0.10 0.16 0.2k 0.15

Imaginary (16.0 minutes period )

Direction NW SE NW NW NW NW NW NW NW NE NW
1) 10.3 69.4 28.6 L43.7 63.4 63.4 63.4 61.4 05.7 55.3 89.9
e  12.6 04.9 07.1 16.9 03.8 16.2 01,3 07.1 05.7 09.0 O0kh.6
L 0.22 0.09 0.12 0.29 0.07 0.28 0.02 0.12 0.10 0.16 0.08
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Real (24 minutes period)
V DLR RSV LLD NBL SCD
Direction NE NE SW . SW SW

g 48,6 16.7 26.6 31.0 3h.h
0 12.8 11.8 05.1 13.1 13.0
L 0.22 0.20 0.09 0.23 0,22

Imaginary (24 minutes period)
Direction NE NE NW Nw Nw

@ 10.0 08.8 47.5 31.3 59,5

0 19.1 07.5 09.3 15.1 11.2
L 0.33 0.13 0.16 0.26 0.19

Real (32 minutes period)
Direction NE NE Sw SE SW

g 20.6 19.% 69.4 10.5 23.6
0 18.8 10.2 Ohk.9 15.4 09.9
L 0.32 0.18 0.09 0.26 0.17.

Imaginary (32 minutes period)
Direction NW NW NW - NW NW

] 10.3 06.3 38.3 38.9 48.7
o 24.1 10.3 13.6 21.7 18.4

L . 0Jh41 0.18 0.2h 0.37 0.32

Real (48 - 51 minutes period)
Direction NE "NE = SE SE SE

g 53.1 40.6. 18.4 05.5 35.0
e ' 113 05.3 09.0 17.3 13.7
Y'L 0.20 0,09 0.16 0.30 0.24

Imaginary (48 - 51 minutes period)

Direction NE NE NW NwW NW
¢ 13.7 06.3 3hk.4 37.8 5h4.0
e 20.9 15.2 13.0 21.4 07.8
L 1 0.36 0.26 0.22 0.36 0.13

FRT
SW
76.0
ok.7
0.08

NW.
23.6
09.9
0.17

SE

Lks.0
03.2
0.06

NW

25.9
20.1
0.34

SE
49.0
17.0

0.29

00.0
18.3
0.31

WFR
NE

177 -

13.0
0.22

NW
19.7
08.5
0.15

07.1
09.2
0.16

NW

09.0
10.9
0.19

NE
69.0

07.9
0.14

N
08.8
14.7
0.25

PPR

NW

53.1
05.7

NW
28.3
08.4
0.15

NW

26.6
02.6
0.0k

NW
21.4
13.9

0.2k

SE

33.7
02.1
0.04

NW
20.3
16.1
0.28

wJc
NE |

- 3245

07.4
0.13

Nw.
16.5

15.7
0.27

" NE

71.6
07.2
0.13

-~ NW
12.5

15.5
0.27

BFR
NW
82.9
09.2
0.16

NW

Ls.0

15.0

0,26

NW

70.k
08.5
0.15

NW

42.0
151
0.26

SE

14.0
02.4
0.0k

NW

19.4
28.4
0.48

TAY

NW

594
10.5
0.18

-NW

65-9
17.6
0.30

NW
39.8
08.9
0.15

NW

76.8
09.9
0.17

SW
21.0

07.9
0.14

NW

87.6
135
0.23
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Real (64 minutes period)

DLR RSV LLD NBL SCD
Direction SE SE SE SW  SE
g 86.8 72.9 06.0 0hk.8 31.0
0 10.2 07.8 10.8 19.9 16.3
L 0.18 0.13 0.19 0.34% 0.28
Imaginary §64 minutes period)
Direction NE NE NW  NW  NW
4 05.9 0.15 33.7 h42.6 13.0
e 21.4 20.8 10.2 18.8 14.9
L 0.36 0.36 0.18 0.32 0.26
Real (85 - 96 minutes period)
Direction SE SE SE SE  SE
g 50.2 61.2 22.4 01.9 30.0
] 13,2 12.9 10.4 16,7 16.7
L 0.23 0.22 0.18 0.29 0.29
Imaginary (85 - 96 minutes period)
Direction  NW NW  NW Nd  NE
g okt.7 09.7 43.0 45.0 21.0
e 19.9 26.0 11.6 18.0 15.6
L 0.34 0.27

0.43 0.20 0.31

FRT
SE

35.3
164
0.28

NW
16.9
13.5
0.23

SE
L8.8
12.0
G.21

NE

09.6

28.3
O.47

WFR
NE

78.7

08.7

0.15

NwW

02.2
14.6
0.25

SE
48.0
07.7
0.13

NW

09 .4

16.9

0.29

PPR
SE
32.0

05.4

0.09

Nw -
131
1761
0.29

SE

3245
07.kh

0.13

NW

07.9
20.0
0.3k

WJc
SE

63.4
1540
0.26

Nw

03.5

18.3

0.31

SE

45,0
173
0030

07k

17.4
0.30

- BFR

SW

21.8
06.2
0.11

NW

34.8
23.7
0.40

SE
03.2
10.2
0.18

NW
327

184

0.32

TAY
sW
01.9
16.7
0.29

NW

40.6
10.5
0.18

SE

14,9
17.2
0.30

NW
6.7
11.9

0.21
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APPENDIX ITI

1. W. JUNCTION

Meteorology
station

8314170009

2. SCOTTSDALE
8415439438

, District dchost farm

3. DELORAINE

© 8214715 020

&c-enlu_',
Jeasel

//Ej— Wigs A,

6

5.LILYDALE 8315 185 298

6.PIPERS RIVER 8315 081 477

4. ROSEVALE 8215 942 142
_______ 3 skt cﬂft,d.u to Pii"' 6
- [}
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t'& @" ',' ' to Launceston
v 1 @®]
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7. W. FRANKFORD 8215 757 269 |8. TAYENE 8315 233 356 8. dortes e
NABOWLA

8315 307 416

i

o

8215 975 568

eo Le viey

11.FORESTER 8415 567 508

p !
Fublcc ;Q”q/{

The magnetometer
position at each of the
observation stations,
North of Tasmania




