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L TC STERVDCRAPHIC PROJECTICHS

Directions of maegnetizsation are plotted on 2n
egual angle sterecgrephie projection, Horth sesking
directions plotted on the upper hemisphere asre indicsted
by open circles (normsl) while those plotted on the lower

hemigphere are indicated by dots {reversed).

In figures 21-25 however all the directions
plotted are relstive to the disec only snd have not been
gorrected to take into sccount the orisntstion of the
specimens from which they were removed. In these figures
both open cireles and full dots represent north seeking

poles plotted on the vpper hemisgphere.




SUMMARY

A pr@limin@fy}invagaigatian of the palseomasgnetisn of

the peleeomagnetiesm of Cainozolic haselte 1ig described.

The invegtipation of the Proterczole rocks produced baffling
results and without measuring technigques aveilable, little
further work could be carried out on these rocks,

The reinvestigetion of the Older Cainczoiec basslis of

Viectoris produced many interesting resulis. Although a

mean direction of magnetization cloge to thet obizined by

Green and Irving (1958) was obteined, instsbility of
magnetization, not reported by these authors, was found o

be present in thege rocks, For this reason thermal
ﬁgmagn%tiﬁatiéa and a.o. mﬁgﬁﬁtie fileld demagnetization
experiments were carried out on specimens from these basalts,
The resultis of thermal demsgnetizstion experiments revealed

that the magnetic minerals in these basgslisg are ziz@mgmagn@aitﬁg.
A.,g. magnetic field Q@%&gﬁ%%iﬁ&%i@ﬁ experiments are descpibed,
Among these is & description of the a.c. aleaning of specimens
from g2ll the localities sampled, the result of which was to
give a mean direciion of magnetization of grester inclinstion
than that originally obtained, end which was very close to
that vslue obtained by Irving et 21 (1961) for other Tertiary
bagalts in H,8. VW, Further a.c, demagnetization experiments

on specimens Trom one of the sites of mixed polarity reported




2
by Green =nd Irving indicated that the nstarsl mapnetization
in these rocks was caused by unstable comonents of
megnetizetion superimposed on & stsble reversed direction
of magnetization which the rocks possess.
Thermsl demagnetization experiments on theee specimens from
this site showed that inetability wss dependlent on the
composition of the titsnomspnetite 4n the rocks.
Titenomagnetites with the composition near 4o that of
megnetite were stable, those with 2 hiph percentage of Ti

were unstasble,
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(3} ¥ork on specizl problems on & rock Pomeation slresdy

gtudied = the Ulder YVoleanics of Victoriz.

It was thought thst in view of the sppsratus thaet the

departunent 2t Adelside hed sveilshle, the last of the sbove

guggestions would be the most sensible to consider. Seversl

lines of investipation were sveilnble, Thesge werets

(1)

(2}

(3)

Reverssls sre known to oceuy in some of the cosst
sections on Fhillip Iglend. Transition zones are
slmogt certainly present and eould be Tound by
gareful sampling. Ho transition z ones heve yet
been found in the Southern Hemigphere and information |
from them would be of the grestest interest for the
theory of reversal of the esrth’'s fleld. Knowledge
of transition zZones snyvhere is in zny csse very
rudimentery. The sites of mixed nolarity revorted
in these basalts by Irving and Gresen (1958) might
poseibly represent such gones.

Counting backwsrds in time the pole Tor the Oldep
Voleanics is the first depariure from the present
geogranhic pole, and from resulis from other
gontinente. It is therefore oriticsl for poler
wandering snd drift, end it waes thought that a
closer study was necessary to date more asccurstely
thet pether gtartling event.

Detailed studies of variation of intensity of initisal

susceptibility throurgh & lave flow Trom top to betteom




ean be dene, There is practically no informastion on
this matter, Flows sre well exposed in shore sections.

(L) Detailed study of the scatter of directions in 2 lava
flow is & matter on which 1ittle is known, The scatter
apparently exceeds the experimentasl errors and there is
no explanstion for thig. Hagneto-gtrictive effects
through jointing mey bhe responsible, and a2 comperiscn
of flows of different Jointing patterns would be

interesting.

The work commenced in April, 19859, when the writer with
the help of Dr, Button, ressmpled the Clder Volesnics for a
pelaeomagnetie survey, it was théught that the first step

in the investigation should be to check Green a2nd Irving's
results of 1958,

Later, thermal demagnetization experiments were carried out,
and also some considerable attention was given to the
st2bllity of the magnetizetion of the basslte. This of
course entailed the construction of the thermal demagnetize-
tion end a.c. magnetic field demsgnetizstion sppsratus, which
is demcribed in 2,

During the investigation, papers which touched on problems
thaet the writer was investigeiing or had investipated were
published, and reference to these will be made st the
sppropriaste time. For the moment it 1s sufficient to mention

papers by Perry (1960), Irving et &1 (41964), and Ehan (1960),
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in which problems of thermal demsgnetization and instability

i

ware discussed

The results of experiments described in some of the following

sections of

t
by the author.

1

®

3e

he text are given in the followinz napers written

A note on the mixed nolarity of magnetization in
Calnozolic basalts in Vietoria, Australia.
Geophysical Journal {(in press).

% L

Stability of magnetization in Cainozoic basalis from
Victoria, Australia,

Phil. Hag. (in nress)
Thermal znd alternating magnetic field demagnetization
experiments on Cainozolc basalts from Victoria, Australia.

Communieated to the CGeophysical Journal.
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magnets whiech have nearly eqgual momenis . These
¢ fixed at elther end of a rlgld nerspex
beam at s distanee of L ¢m. aparti. The beanm is

susnended vertieslly by e phosphor bronze suspension

T
&

as shoun disgramatieally in figure
a small dipole 1s placed on the axis of the msgnet

system at a distance Z from the lowver magnet and at

right angles both Lo this axis and to the dirsetion

magnetization of the magneis, it will produce

etic flelds H and B at 4 and A" respectively,

Hzftz; 3 gii 4 E}

In the following discussion it is assumed that

in which case the effect on the unper magnet ean be

neglected,

Ir ik and Zﬁ are the moments of inertia of s single
magnet, and the mirror and the rod holding the mirrer

and the two magnets, then for an astatic system the

total moment of inertiza I is given by

I = EIQ + E}

t i3 convenisnt to writs

fd

I = « Ie? vhere o must be larger than 2 for

astatic systen.




N

H| — Adjusting head.
z
fff’ - - i ——— Levelling
= Aﬁ_ = 0 screw.

Copper damping
plate,

Diagram of magnetometer case showing suspension.

Figure!
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If ¢ is the torsions]l eonstant of the fibre and 7T

the undamped perlod of the system, we have
Tgﬁ%g E/
o

If & magnetie field H aclts at right angles to the

4

lover magnet of dipole moment p, 2 deflection 0,

5
=

is produeed given by,
p

The fisld acts at right angles to the msgnets in the

final position. Thus the sensitivity is given by

H ™ LD

H wT < g

e
Showing that the sensitivity 1s proportionzl to T° for

a2 given value of p and I, and is proportional to @x for

given T,
g B, = & & . g@m? 4
Although the sensitivity is proportional to T%, there are

reasons why T should not be made too large. For example,
sixteen deflections must bhe measured to determine the
direction end intensity of the magnetic roment of a2 roek
dise, thus 1t is desirable to acguirs the required
sensitivity with the minimm possible period.

To obtain high sensitivity in practice it is important
that the controel be purely torsionsl. The magnetie
control due to the geomagnetie field i1s reduced by giving

the system a high degree of astaticism (if the moments of

the two magnets are very nearly equal, no resultant torque

sets on the system) and also by reducing the horizontal
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component of the geomagnetic field by means of a compen-

sating ¢oil systen.
Actually it is possible to obtain full sensitivity almost

without compenssating the horizontal component of the

earth's Tield if the astaticism is high., However, this
compensation is desirable for other reasons, namely that
the rock speecimens should have no induced magﬁ@ﬁiﬁﬁiiﬁﬂ 50
that the cffects of permanent and induced magnetization can

be separated and measured.

axis., At the top of the

holder is 2 hook to which is attached the suspension strip.
Figure 1 shows the nagnetometer case. The torsion
head which carries the suspension strip is at the top

ase, the lower part of the case carries the viewing

-

window. A copper damping plate screws into the base of
the case so that its distance from the lower magnet can

be adjusted.

The magnetometer case stands on its three levelling screws
on a plate which is supported by a Miller suspension system.
Plate 2 shows this suspension system, which hss the effect

of eliminating short period vibrations on the magnet systen.
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Plate.2.
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During measurenent, the specimen is ralsed and lovered
below the magnet system, as well as beling rotated to
different azimuths and traversed horizontally (im an
east-west direction). Beecause of disturbaneces produced
vhen the apparatus is approached, all these movements are
done by remote control. The specimen holder iz mounted
on top of & length of perspex rod which puns through
vertieal guldes, and 1s raised and lowered by means of
cords and pulleys. A stop on the perspex rod controls
the helght so that the distance of the specimen below the
magnet system can be repeated accurately at each step

in the measurement, The position in azimuth is deternined

by sighting through a2 telescope and reading the seazle on
the specimen holder. Traversing is zlso carried out by
remote control. Plate 3 shows the specimen holder,

piston and traversing mechanism, The general layout of

the magnetometer 15 shown in Flate 4+

Jmholtz coil systiems

to carry oul sxperinents in a

2.1.4,1,
| In order
nearly field free space, three pairs of Helmholtz
colls are placed sround the magnelometer to compensate
the horizental: component of the earth's field, and

the vertical component,

Three pairs of colls are reguired, for the apparatus

is not set exactly north-scuth.
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The radil of these three pairs of coils are 58.13,
55.25 and 62,90 cm. respeetively. Each coil contains
96 tupns of wire, and currents of 135 and 5,7 HM.A.
are reguired to compensate for the earth's loeal
horizontal component of .20 oersted, while a current
of %20 M.A. compensates for the vertiesl component
of «56 ocersted.

IT two ecoaxizl elreulsr colls of radius "a" are set

a distance "a% apart, and the rectangular components

of the Tield are Fx and Fy, x axial and y transverse,
then at a point whose coordinates are x and y relative to
the centre,

"%1’ ] »; - 7 , . o~ % ;
%z? ¢ m (1-18 (8x* -2 x° 32 + 3yh).....

n = mno., of turns

i = current in amps.
This is the expression given by Chapman and Bartels
{Geomagnetism Volume 1),
Along the axzis of the pair of coils then if they have
a radius of approximately 50 om., the value of the
compensating field does not vary by more than 500
of its value at the centre of the system for 10 em. on
either side of the centre point. Thus by using pairs
of Helmholtz colls set at right angles to each other in

the manner dsseribed above, it is possible to obtain
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guite a vniformly f£ield free space,

The Helmholtz fleld eoils sre =d justed by finding the
gurrents which eause & small megnet suspended by nylon
thread to swing fresly at their cenire,

The value of the currents through the horizontal coils
when this condition was achieved were 135 M.A, end 5.7

M, A,

The value of the current which must be passsed through
the vertical field eolles 10 produce the compensating
field equal to the vertical componsnt of the earth's
field was fmgnﬁ by plaecing 2 dip needle, aligned north~
gouth, 2t thelr centre. A needle sugpended in this

way will swing freely about its horizontal sxis when

the required current is passed to compenssate the vertical
field., The velue of thie current was 420 M,A., giving
the velue of the vertical field as .56 oersted.

The currentz to the coils are supplied by lead sccunuls-
tore, end ad justed by verisble reelstances, They sre
reed by milli-ammetere which with the varieble resistsnces

are placed in 2 gontrol panel for convenience of opsration.

The system consists of tw@ Alcomax IV magnets, .1 x .1
X +3 6m,, with their centresg 10 om. spart.

The pair of magnets chosen were ground until %h@iyv
welighte were nearly g@ugz. The meagnets were gaturated
and both were slightly demagnetized in an a.0, megnedie

field and then were placed in the mapgnet system with
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their moments parallel, The period ?q was measured,

the avatem being suespended from 2 nylon fibre, The
period ?2 with the magnets snti-parallel was then messured,
The lower masgnet wasg rotated by means of the bearing until

T, was a meximum. To improve the astaticismeven

2
further, the stronger magnet was demagnetized in stages
using s smell a.c. magnetic field, |

If each magnet is of pole strength p, the agitaticienm

8 = ?/&?
2
7y

gnd equalled sbout LS50 when this magnet syetem wag firet
constructed.

To resch higher values of assteticism, trimmiong mepnets

of éi@@le moment Py and Pgs somewhsat greater than the

two horizontal components of the out of baslance moment

Ap een be rotated so as to compengsie ag nearly as possible

the out of bslance moment of the two main magnete,

The suspended system should be centered within the field
coils as accurately &s possible, or else some deflection
will be given to the magnet system when the éa#w&n%s
through the field eoils are witg?mé on éa@ offs The
system is pagiti@aaé at the centre of the horizontal field

coils by direct messurement.
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When the magnet system lies along the magnetic axis
of the vertical field coils, there is no deflection
when the current is altered in these ecoils.

Centerinz the svecimen holder.

The specimen holder is centred on the vertical axis of the
magnet system by placing small coils, one a vertieal coil
of the same radius as the specimen dise, the other a smsll

hoglzontal coil aligned east-west in the specimen holder.

- The first coil simulates a vertical dipole, the second a

herizontal dipole. Figures 02,3 show the deflections
obtained by traversing these coils from the west to east
positions. Equal and opposite deflections are obtained at
each end of the traverse for the vertical coll, and the
deflection in the central position is zero. For the
horizontal coil equal deflections are obtained at each end
of the traverse and the deflection in the central position
is maximum. These results indicate that the direction
of traverse is east-west, and at right angles to the axis
of the magnets, and that the magnet system is suspended
directly above the specimen holder when this is in its
central position.

Sensitivity

The sensitivity can be obtained with a small horizontal
coll of known dimensions which wh@n a current is passed
through it can be used to simulate a horizontal dipole of
known strength. The deflections obtained usinz this coil

at various distances from the magnet system gives an
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Deflection |:c:m]

'r-| O

Vertical coil

traverse plot.
z=7/cm,

tlo

Figure.2.
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estimation of the sensitivity.
The Tield acting at the lower magnet

= Jeflection x sensitivity
i.e. ?/23 = deflection X sensitivity

p = magnetlc moment of calibration coil

Ti.d.A
101000

P

Where,
n = no. of turns on the coil = 8

i

current in milli-amps = 60

A = area of ecross section of the coil which
has diameter 4,75 mm.

Z = distance of coll from lower magnet = 5.7 om.

The deflection of the system measured on the scale was 5.8 cn.

: % - é@ %0?5‘2 T 08
Thus B = 550,10 T ,
60 4,752 o 8
Sensitivity TR . o n . 5‘?5 K
= 8@10"6 oersted /em, scale deflection

We see from line one above that the deflection « ‘?/23
Figure . shows the deflection plotted against 3/@3 for the
following points. The graph obtalned indicates that scale

height readings are correct.

z Deflection
3'? 1?:’1
i’!‘.? 5‘2
5e7 29
6.7 1.8




Deflection

|/ZB Xlo

in cm.

Figure 4.




- Three poinis are marked on the surfsce of 2 rock vhers

the three legs of s small threelessed level come into

contact with the surlasce. i
5 . I two of these polnts are arranged such that the

line Jeining them is horizontal, then these two points

{(with the third) not only determine a2 nlane, but also

&

fix the strike of this plans. The attitude of the third

of this plane, Thus, the strike

apint fizes the di» o

the three points marked

information can be

therefore of the rock iiself, With this level, it was

possible to mark sny rock thousght suiltable for collection

as 1t w22 not necessary to select a2 samn]
surface (which was sometimes impossible to do).

%

All samples orlented in the manner outlined above were

of course in situ at the time of collection.

For coring, the rock was set in plaster so that the plane
deternined by the three poinls mentioned above was
horizontals, At least two cores of 18" diameter were

removed from any one rock sample using 2 none-magnetic

mond eoring bit,
These cores were sliced by mesns of a non-magnetie

dismond impregnated saw. The coping machine and saw

)

are shown in nlates 6,7.
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Directions of magnetization obtained during measurement
were therefcre directions relative to the abovementioned
plane regarded as horizontal, and the direetion of
strike of this plane, These directions were converted
to directions of magretization relative to the true

horizontal plane and the magnetic north direction.

Consider the specimen to be placed directly below the

magnet system,
The horizontal component of the eguivalent dipole, %&,v
will produce a horigzontal field at the lower magnet in
the direction ¢ given by

H = v ,4 ,Cs. (0 = E)/z:s

6 = 0° in the specimen disc
is the direction of the strike of the élane referred to
in 2,1.5.
| the volume of the disc

<
0

Eh = the horizontal component of magnetiec
intensity / unit volume.

4Z = distance of equivalent dipole from the
lower magnet. (See Appendixq )

Plotting the deflection of the magnetometer against

azimuth 0 , the angle between the plane of the magnets

and the direction ¢ = 0° in the dise, a curve is obtained,
the phase of which gives D, the declination of the direction
of the horizontal component from the direction 0 = 0° and

the emplitude of which allows the value of My, s the horizontal
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component of masnetization per unit volume to be ealculated.
% g o z=
s.a. 2o

v

le€a Mh =

8§ = sensitivity in oersted / cm. scale deflection

d = maximum deflection at seale in cnm.
The vertical component of magnetization Eﬁ has no effect.
Consider the specimen to be traversed off centre a
distance x from the axis of rotation, and so the axis

of the magnet system.
The field due to the horizontal component of magnetization

is given by
v ¥, Cos (o - D)

H = 3

r
v ﬁg Cos ( 0 « D)
z3

a8 1‘2 = 722

+ 323 and so if x is smell compared with

Z, then r = 2Z.

The vertical component now has an effect, however, &s its
field in the 900 azimuth position has a horizontal com-
ponent which is at right angles to the magnet system.

The field due to this component, M, is such that

H = v K, x Cos ¥
2t
e =z

On rotation of the specimen therefore not only is there

the sinusoidal deflection produced by the horizontal come
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nonent, but also there is the deflection due to this
vertical component. The resuliant defleetion is due
to the sum of these two effects,
IT the specimen i3 inverted and 0 is measured in the
opposite sense, the effect of the vertical component
is reversed, and in thzs case the resuliant deflection
is due to the effect of the horizontsl component ninus
the eflect of the vertieal component.
By adding or subtracting the zbove resultant deflections
in the upright or inverted cases it is npossible to

&

i

separate the effects of the horlizontal znd vertieal

In practice the direction of masnetization with respeect
to a reference line drawn on top of the dise is determined
by completing the form showm in fizgure 5, ®a" is the
algebraiec mean of § (41 + dg) etc., {defiections in the

0% szimuth posltion), "B the slgebraic wean of % (do + d44)

Y our
o ] o - N
b * (: qgn
Thiz 1z the case for the bottom meguet nointing in the

south dipsetion. 2 and b are in Tact vroportionsl to
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Height. . . . . Traverse. . . . .Sensitivity . ... . Date. . . ...
Rock type. .. . .. ... Locality , . . . .. . Spec. No,
West East YPOght ___
0f[d = [ 0[ds = d+ds =[ J[d -d; =
90 d2 = 90 dS o d2+d5 =
180 | d; = 180 dy = -[d,+ d;] =] -ld;-d; 1=
270 d4 = 270 ds = "'[d‘+¢] =
S = 180 $7 =
0 5, = 0 Sg =
East ﬂ West Inﬁﬂg‘d
360 | dg = 360 | dy = dg+dy = ][ dy-dy =
270 |dg = 270 dy, - do+dy, -
180 [dy = (180 chs = i+ dgd =[] [-ldn -ds] =
90 dqs‘ = 90 d1s = '[dm*ds] =
180 Sy = 180 S =
0 Sg = 0 513 =
50, - a - [ d
5-d = 8 8
= b = _k_Z_
std7 = 8 3x
% tan =
Sy=dy = _
SQ—dg = i -‘
515_% - Declination tang = P,
Sp=thy = dy, = |a2+ ¥
—— ¢ =
S t'b'l‘t8 = =k|d? + d° 2
usceptbiity Ph= k P‘kj dh + dy[2/]
= kz
3x.-56vol.

Figure.D.
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the horizontal dipole components at the 0° and 900
azimuths. Therefore the total horizontal dipole is
proportional to |

A = (2% + p2) %

B is half the mean of quantities suech as (d1 = d45) ete.,
these being displacements due to Ez in the oIf centre
azimuths),
The above nrocedure averages out non-uniformities of

magnetizetion in any speciunen.

2e1.7

1 mm. scale deflection.

The horizontal field at the lower magnet due to the
horizontal compenents of the eguivalent dipole %ﬁ at

distance Z,
—

vertical component of the dipole Ezg at distance Z,

(2)

= My 3x

The specimen is traversed a distance x off centre

H

The deflection due to (1) 4, oms.
The deflection due to (2} = d, cms.
The field at the bottom magnet due to M, 1s therefore

dy, - 8 . 1@'6 cersted




L= 4 (z3 8.167%)

i

K 4y
Where K = 8.107° 23
Similedy, M, = d, (“/,) K

The total moment

s o+ M,
J B 7

!

= o2 -2 2 \ 2
KJ d,“ « { féX)
i h =
N
o2, .2 - )2
= #® iy 7 4 + 4. Lo fo 3
e A\§ LB $ ) . {Z /,j:fﬁi'
i ~ ”
I Pt 2 Z
= Ir ] %+ . =
LN BT (55—
and  tan ¢ {where ¢ = inclination)
= .
Yz
T,
= 4 A=}y . _z
@% ax & 3z

Actuslliy, tc consider the effect of the field of the

specimen on the lower rmagnet only is to simplify the situation
It must be remembered that the specimen dipole has an effect
on both the upper and 1@wgr magnets, and if it 1is raise& to
the messuring position from some distance away, its field

has an effect in both of these positions.

In Appendix 1 a correction is given which takes into account
these effects and which can be applied to the values of

inclination derived by the method outlined above,




2.1.8

&

The magnetization indueed by wesk magnetic fields of

the order of the sarith's field can resdily be measured
by this mepgnetometer. The induecing Tield is the vertical

component of the sarth's fisld.

Suppese the diffsrence in readings for the verticsl field

on and off is 48 cms., This will be the deflection due

to a veriical dinole faz at a distance x off zxis.

whore ¥, 13 the indueed monment
ce-f

it I
= g¥H
k* = volume susceptibility
3 = inducing fiesld
Thus Yt = HY'e
b

Volume {.56)
The value of the vertical compenent of the esarthls field

:56 oersted at sdelaide,
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2.2
2.2.1

The technigues described in this section and in Appendix
1 are those which the author used to measure directions
of magnetization of specimens examined in the investiga-

tions reported in the following pages.

The presence in rocks of specific magnetie minerals

can be inferred Trom thermomagnetic curves by comparison
with standard curves for known minerals.

The furnace was consiructed by the writer so that thermal
demagnetization curves for typical rock specimens from
the Older Volcanies could be obtained., It was constructed
in such a way that the thermal demagnebization was carried
out in zero field.

Stae@y (1959) has reported on an instrument which he

used to carry out heating tests. The measuring apparatus
in this case was a rock generator. As Stacey mentioned
in his paper however, he encountered "noise” trouble

from the specimen holder sven though this was constructed
from the reputedly non-magnetic alloy Nimonic.

The effect of this noise was to reduce the sensitivity of
the instrument, so that the writer felt that as he was
dealing only with a fairly magnetic suite of rocks, the

Older Volcanics, 1t might prove less troublesome %o
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nly two sets of parallel coil systems were used to
annul the earth's field in this case, so that the coils
used to eancel the horizontal Tield were set with their
gxig in the north-south meridian. The radil of these

two Helmholtz coll systems were 52 and 56 cm. respectively.

The currents regquired to annul the earth's field were 125
and 390 H.A.

Apain, magnets of Alcomax IV were cut and ground to

approximately the same shape and weight and were magnetized
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— -~ Magnetometer.

Heater windings. - Specimen cup.
[non-inductive )

Asbestos packing.

Phosphor - bronze
water jacket.

Fused-alumina
tubing.

Sindanyo block. _‘_‘P

Silica tubing.
H :"
Thermocouple.
ulls)
L Perspex  tubing.
L === ——Perspex bearing.

\ J 1 "~ Bearing toallow rotation.

T Aluminium tubing.

ST 9aOr- -Leveiling screw.

Figure .0.
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The sensitiviiy of the maznetometer was determined by
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cale defliection.

such that the s» L Was

e very nearly o Z = & en., Tfrom
emy each om. dellection

to 2 gnecinen of meoment

.

The components of the furnace are showyn in Fizure 6.

The inlet =znd outlel tubes for xk@ girculating watep

Asbestos fibre packing was used as the insulating

material between the heating element and the waler jacket.

sits is turned out of
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2¥ asghestos cement slshb,

The heating element is wound on & fused slumina tube
in which =2 spirsl groove has been cut. The hesting
element must produce no demsgnetizing effects and
therefore it is non=-inductively wound,

The best method found for doing this was to cover the heating
‘wire (22 gaupge nichrome wire) with asbestos-sleeving, double
the wire, snd twist the two pleces together., The twisted
wire could then be wound on to the alumins tube. The
asbestos sleeving provides pood electrical insulstion at

the temperatures sttained. The eurrent for the hesting
element 1is verled by means of 2 rheostat,

In order to check that ne a.c. field was produced by thie
heating element, one gimilsrly wound wes made uging copper
wire, and a pick up ¢0il wes placed inside it. 1% was found
thet with 5 amps flowing through the ecopper wirve there was
8ti1l no pick up discernsble zbove the background pick up

in the room.

The specimen 1s plseced in the specimen holder and is ralsed
1§tﬂ the furnsce by mesng of & pulley system. The gpecimen
can also be rotated in azimuth so that it can be rotated in
one direction until there is maximum deflection of the
magnet esystem to the left of zero, and then rotsted through
180°% in azimuth to give the meximum deflection of the magnet

gsystem to the right of zero, The sum of these two reasdings
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++ E.MF.5. were measured on x 5 scale of potentiometer,
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2,3 THE A,C, MAGNFTIC FIFLD DEMAGNETIZATION APPARATUS

2.3.1 Introduction

Lavag, on cooling through their Curle point, acquire a
primary thermoremsnent megnetization (T.R.¥.,) in the
direction of the esrth's field,  If megnetic perticles
with relexation times less than the geological age of

the rock are present, 2 secondary component, an iscthermel
remsnent megnetization (I.RB.YM.) is acquired different in
direction from the primary one 1f the direction of the
geomagnetic field hag changed since the T,ﬁ.%, wag aseguired,
By subjecting rock specimens to graduslly decreesing
glternating magnetic flelds, 1t is possible to remove
unwanted, unstable components of maegnetization which may
have been ascquired since the formation of the rocks,

Ag will be mentioned in 5,6, there ig instsbility present
in the Older Volcanics. The presence of these temporary
égm@@ﬂ@ntg of magnetization lesd the writer to construet
the a.,c. demagnetization apparstus described here, to
study the effect of =,c, demagnetization of the basalis
in the hope thast a more accurate determinetion of the
ancient pole position could be ohiained, Llgo the
p@latiaashig between a.c, magnetie field demagnetizstion
end thermal demesgnetizastion was investigated.

The spperatus was congiructed by the writer sfter & visgit
to Canberrs early in 1961, when he used the a.e, megnetiec

field demsgnetization apparatus there to study the effect
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of a.c., ecleaning on rocks taken from the guarry 2% Drouln=-
South, The results of this investigation are described
later in 7.

The a,.c. magnetic fleld demagnetization spparatus is

shown in Plate 9,

iggnetic field demegnetization

2+.3.2.1 The demsag
The ecoll was wound on 2 wooden former, This former
was split into 4 segments and this allowed it to collapse
when the ends of the former were removed after the
winding was completed.,
There are 95 turns of 18 8,W.CG. enamelled copper wire
on each of the 22 layersg, meking approximately 2,090
turne in all, The coil was constently shellaced and
therefore was well bonded when 1t dried out,
The dimensions of the coil sre -
Length = 12,8 em,
Internsl dismeter = 14,1 em,
External dlameter = 19,7 en.
Two methods were used to measure the inductance of this
coil,
(a) The coil was messured as part of an L and C resonant
circuit.,
Haximum current flowed through the ¢o0il when the
capaclity in series wag 18,5 uF

Thus as w2 1

L.C
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Where w = 27, where £ ig the fregueney of the
applied a.c. volisge and equals 50 for mains voltage

L = ‘ 1
w?2 g

= 3

o

Lwo, 502 . 18.5

wenries

(b) The induetance of the coil was measured by measns of
a8 Hexwell-Inductance, Capscity Bridge.
The bridge clirouit is ﬁhﬂ?ﬁ in figure 12,
C = 1 4 F
R = 182 ohms
P = 2,000 ohms
At belsnee, L = P R C

=

”*E £ 3,000 x 182
1

1;\
0

i

Tw
= ﬁggm o I « 3
1 2T o 50
= 800 volts

Thus the eondenser must be able to withstend 2800 N

peak a,c, volis.




BFO.

Figure.l2.
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The alternsting field produced by the coll was messured
using & search coll containing L20 turns, The mean
dismeter of thig coil wes 2.6 om.

The e.m.f. induced in the search coil by alternsting

magnetic flux o is given by

z = 44

= dt
B.A. ¥, where B = field density

#

A = Area of cross
seption

= B.h?@fﬁ‘{%.})z.‘tﬁ'h
¥ = Ho. of turns
How d = & mex Sinwt

where = 20f and ¥ is the freguency of the
alternsting megnetic flux

ad _ 8(d mex Sinwt)
a T at

Thus B = WBAY Coswt
and E mex = w BAN
Now = onf
Thus & mex = 2rf B L2ow(1.3)2 10~

= 2r. 50. B. L2ow(1.3)2 1070
5
2750420 7(1.3)2 10~H

B

i

The pesk induced voltage measured from the piek up coil was
2.4 volts when the as.c. current through the coll was 2 amps.

272.50.420 (1.3)2 10™H

= 4172 gauss/amp
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The eoil is tuned to 50 eycles with the series capacitance

of 18,5 L PF. THo series resonant cireouit tuned to 100 eycles/
sec. 1s connected In parsllel as has been deseribed by Irving

ot al (1961) for their apparatus for the following reasons.

G

Ty

T
The impedanee Z of 2 cireuit containing resistance R,

induetance L and capaeitance € in series is given by

s = 824 qrw . 132
Z | R (L w e
#her is the f{requency of the applied voltaze and w

nteining the

¢yy the impedance

beconmes egual to R,

=

For a voltage of 100 cycles/see, however, the impedanece of

the coil, ﬂﬁﬁﬁ%u&@? glreuit is given by

1% due to the natural reiection of the eoil.
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ESTIHATION OF THE ANCIENT POLE POSITION

IT meagursmente of the direction of megnetization sre

made on 2 number of specimens tasken from & rock formation,
the directions will not be persllel. The reasgons Tor
thie and the method of obtalining the begt veluve of the
mean direction are discussed below.

Taking X, ¥y and 2z axes respectively northwards, esstwasrds
and downwards, the direction of megnetizstion of the r?h
specimen is specified by its dip I? whiech iz the angle
between the direction of megnetization asn?d the X, ¥ plane
(meagured positive downwards), end its declination D,
which is the angle béﬁw&g& the X axis and the projection
of the direction of magnetization on the xy plane
(measured clockwise),

The xy plsne for sedimentary rocke is the bedding plene 50
that the directions are referred to the horizontal at the
time of deposition and in this way correction is made for
the effect of folding, This agsumption that the denosits
were originally horizontsl will lead to errors in
ié&i?ﬁéﬂﬁl obeservetions, but will not affect the mean of
& large number of determinstions.

The &ir&aﬁiﬂﬁpeasiﬁﬁs'lr, m,s 0, of the direction of

P
the megnetization of the rth specimen are given by
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The parameter i determines the dispersion of the points,
This distribution was suggested by Fisher (1953) and has
been shown to fit palaeomagnetlic data by Watson and Irving.

Fisher showed that the best estimate (1, m, n) of the true

direction is the mean of the direction cosines (ly, mp, np,)

that is:
B
1 = &, Cos D, Cos Ir/
B R
m = ﬁé1 Sin.lr Cos If/R
B . B
n =  &q Sin in ’/R
Whers
' / B 5 B 5 B L F
2, : 2
= by + = Iy & 5
B \ 24 119 ?."flj? = _'ﬂ_r /)
o= g r =1 r = ]

Fisher also showed that the best estimate k of of «
iz given by, g _ 4
k = H - R

Where reversals occur amongst a group of site mean directions
these are averaged without respect to sign, that is Cos ¢
in the eguation 1s replaced by | Cos |

The mean dip and dsglination of a rock formation is given

by
Tan I = /n2, 2 %
Ten D = A

An indication of the accuracy of the estimate (1, m, n) is
- now required. This may be specified by the semi-vertical

angle of the cone about (1, m, n) such that the probability
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of the true mean direction lying outside it is P. Iir
¢ 1s the cosine of this angle, Fisher showed that,

B -1 - 1
R

g

¢ = 1 - (p /B-R -~ 1}

The method described above is the simplest way of couwbining

%,

palaeomagnetic observations, An alternative method of
analysls has recently been suggested by Watson and Irving
(1957) whereby the data are more fully utilized, In this
discussion it is assumed th vk ﬁi samples are iaken from the
ith of B sites, the sites being spaced wniformly through the
thickness and areal extent of the formationy and further

. . i . sth
that the obseprvations within the lt

slte obey Fisher's
distribution with precision w and the mean site

direction varies from site to SW?Q with preeisien 8 about
the overall mean direction. The formation mesn direction

may be asti: the direction of the vector resultant

b
B
o od
o
s
(1
]
&

of all the (N = 2 Wy ) observations or as the direction of
the vector resultant of B site mean directions.
For igﬁeaus rock formations in whieh w is constant and
whose magnetization is uniform, estimates é’ and % of w
and 3 may be found by using the analysis of dispersiocn
given by Watson (1956), The observations must first be
reduced to give the lengths of the vector resultants at
each of the sites Ry, Rg.‘,..»wﬁﬁ, say, and the length of
the resulteant of all the N = 2 Wy mbservati@ﬁs, R say.
These numbers may then be used to compleie the analysis of

dispersion table,
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Within o s
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2 (1 -1) { H R

W= p.t (F -_31 )

and is the weighted average of the ¥W,3; 1f 211 Wi =W, W=¥.
=

The significance of the beltweon-8ite varlalion may be jJudged
by an ¥ test. If the result is signifieant, estimates o
may be found by eguating the mean 3 gusres to their

exnectations =nd sciving the resulitineg e otherwise

between site varlation may be ignored, i.2. 82

If the dircetion o the resultant of 211 the U observations

is used as an estimator of the direction of magnetization of
ately in

F Y e O N —— & e 2 w93 e < ' - ' T
Lie rock fovmavion, 11 will De distribduted anproxim

Fisher's distriboiiorn with 2 precizieon k ziven by

o= o
(& e (8 sy

e 3

The semi-angle o of the cone of confidence for probsbility
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and antipole in present day geographiesl coordinates may
be obtalned by solution of the appropriate spherieal
triangles from the formulae
Cos 0, = Cos ¢ Cosp + Sin 0 Sinp Cos D
and

8in p 8in D
Sin (¢~ ¢ ) = 8in 0,

where ¢ and ¢ are the ge&gfa@hiéal colatitude and
longitude of the sampling ares.

The direction of magnetisation has an error o in both
xﬁi@ and declination so the error Jdp in p is given by the
egquation

2

i}

¢ p ¥ o (1+3Cs“ p)
and the error Jm in the direction at right angles to the
colatitude 1s

o8in p

im =
Cos 1

Thusy, ¢m and J p are the semi vertical angles of the oval
area around the average pole position within which the true
pole lies at a probability of 1 - P, The errors in
direction o , and in pole position Jdm and ¢ p will always be
specified at P = .05,

The occurrence of reversals of course introduces an ambiguity

in the sign of the pole.
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PALAEOMAGNETISH OF PRECAMBRIAN ROCKS FROM SOUTH AUSTRALIA
Introduction

As has already been mentioned in 1, the writer carried
out,in August 1958, a preliminary palaeomagnetic survey
of some Precambrian rocks in S.A. These were the
chocolate slates and sandstones of the Hallet Cove area,

a 2,000% thickness near the top of the Marionmoan Series

of the Adelaide System.

The Marinoan Series 1s characterized by red-bed conditlons
which followed the widespread Sturtian glaciation. in
the Adelaide area the red bed conditions commence almost
ezactly at the base of the series.

While more particular attention was pald to the red beds,
several samples were also collected from the Tapley Hill
laminated slates which are part of the Sturtian Series which
lie just below the Marinoan Series and which probably
represent the metamorphosed varves assoclated with the
Sturtian Glaciation.

Specimens from these rocks were prepared in Adelalde,

4-5 discs were cut from each of the samples but because

of the very weakly magnetic nature of these rocks, it was
not possible to carry out any measurements of their magnetic
properties at Adelaide. The writer spent several weeks in
Canberra at the Department of Geophysics, A.N.U., where

use of the sedimentary magnetometer was made available.




4,2 Descriptlon of the Apparatus at (

k.21

4h.,2,.2

Introduction

The magnetometer at Canberra is basically similar to the
one at Adelaide which has already been desecribed in 2.1.
It is however much more sensitive and the vertieal
degaussing system is a Fanselau coll system rather than
Helmholtz, The measuring oprocedure is also somewhat
different, The apparatus in this respect is rather
more similar to that described in a paper entitled "The
measurement of permanent magnetization of rocks,” by
Collinson et al, which appeared in the Philosophical

Tpansactions of the Royal Society of Londen (1957).

Apparatus

Suppose that the axes of cylindrical co-ordinates

(Z, v, 0 ) are fixed in the disc such that the direction
0Z was the upward direection of the vertieal, and ¢ =0
the present geographical north at the time of the
formation of the rock.
Assuming the dise to be uniformly magnetized, the
horizontal component of magnetic intensity Mﬁ produces
a horizontal field on the axis in the direction 0
given by

h = ME Cos { 6 - D) /ZQB

Where v is the volume of the disc and Zo- = a® + Z°2,

where a is the radius of the disc. The vertical com-

poment M, of the intensity 1s equivalent to a spherical
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magnetic shell, bounded by the periphery of the disc,
of strength Hzt, where t is the thickness of the disc.

Thus at a distance Z along its axis, the potential is
vil, (Z, - Z}/éz@

and as the field is soclenoidal

dh, . 1 dh

4 =
dr s §:4

Where hz is the vertical component of the field.

An on-centre curve is obtained by plotting the deflection
of the magnetometer when the axis of the disc and magnet
system coincide, against the azimuth ¢ , which is the
angle between the plane of the magnets and the plane 6= O
in the disec. The phage of the curve gives D. From the

amplitude do of the curve, My can be determined

g = 5% %
v
Similar curves are obtained when the axis of the disc and
of rotation is displaced a small distance dr to either side
of the axis of the m gnet system. The vertical displacement

d of this curve from the previous one gives, Ez@

; - . 5

Mg = S ‘3@ djé v Z dr
On inverting the rock disc in the "on centre® position and
measuring ¢ in the opposite sense, the same curve should

be obtained, It is commonly found, however, that the
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Hupright” and "inverted” curves though sinuscidsl heve

different smplitude and phases, and thet the vertiesl
displscenmente of the curves when the disc iz moved from
the west and east pogitions in i1ts wright 20d invepied
nositions are unegual. This must srise from non-

uniformities in the intensity of megnetizetion.

Coll

Directions of msgnetization of the discs measured relstiive

to the horizontsl, and then corrected for the dip of the

bedding sre given in Appendix 6.

Site Qirections from these mesgorements sre plotted in
figores 14, 15, 16, The directions corrected for bedding
are in figures 17, 18, 19,

It is seen from both of these sets of results thst there
is no sgtreighi-forward interpretaztion tc be plsced on
these results. The possibility that the sres was too
complicated structurally seemed 4o be the likely explsnstion
for the dissppointing resulits obtained, snd for this resson
the investigstion was not persevered with. Other
influenecing faclors were of course the faet thet the rocks
are only very weskly megnetic snd the apparstus availshle
at Adelside was nowhere near gensitive snough Tor scourate
measurements to be carried out on the rocks, so thaet as
explained in 1, it seemed 2t the time thst the zensible |
thing to do was to carry out investigstions on rocks whose
properties could be messured with the magnetometer st

Adelside,




56,7 rel. tohorizontal plane.

Figure 14




8910 rel.to horizontal plane.

Figure.I5.




111213 rel. to horizontal plane.

Figure 16.
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567 rel.to bedding plane.

Figqure.I/



8910 rel. to bedding plane.

Figure.I8.
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11,1213 rel .to bedding plane.

Figure.19
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Recently, however, Irving et al (1961} have shown how the
viscous magnetization which is often imposed on rocks by

the earth's magnetic field in geologically recent tinmes
causing the directions of magnetization measured in specimens
from the same site to be strung out between the stable
direection of magnetization and the present earth's field,

ﬁay be removed by partial therumal demagnetization so that

the initiszl planar distribution condenses around the direction
of stable magnetigzation, The demagnetization is ecarried out
in a‘nmnmm&gn@tie oven following by cooling in zero field.

It is possible that such a viscous magnetization is

possessed by these rocks, and it could be removed by such
experimental procedure. Howevery at the time when the
writer Tirsl obtained these resulis such teehniques were not
availeble to him, The reversed directions could represent
the remsing of the originally stable direction of magnetiza-
tion, This would agree with previous finding made on

the Precambrian rocks in Australis r@@@rﬁ@d\@n by Ipving

and Green (1958) which do have reversed directions of

magnetizationa See Table 2,
TABLE 2

. : Mean direction of

Formation Ag@ magﬂatiz stion
b I o

Buldiva Top of upper , ,

- . % : : + 1
Quartzite Proterozoic 243 38 2

{contd.)
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TABLE 2 (contd.)

Formation

Mesn Direction of

Age
' Magnetization

b I o

Hullagine Upper 143 +6h 8
Lavas Proterozoic

Edith River ! Lower part 90 +48 18

Volcanics of upper

proterozoic
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S OF THE OLDER VOLCANTO BASALTSE OF VICTORIA

it was thought thst the re-~investigastion of the Ulder
Yolesnies would be useful, even though they hsd sliresdy
been reported on by Irving and Oreen (1957), for the resson
that this previous investigation had indiceted that the
inelinstion of the mean direction of mepnetization of these
rocks was only %33 grester than the esrth’'s geocentrie
azial éi@@l&-figlé. In other worisg, these rocks record in
Ausgtralis the first depsrtore of the pole from its present
position, and thus 1t was eonsidered important %o
investigate more Tully this important discovery.

The writer therefore respmoled these voleanies at most of
the gites which were reported on by Irving énﬂ Green, &8s

well as gollecting samnles from seversl sltes not

previously ssmnled,

The general division of the Tertisry lesvas of Vietoris into
an Dlder Volcaniec series (Hiocene or esrlier) and s Hewer
Volesnic series (Pliocene %o Recent) was introduced by the
eerly Genlogical Supvey of Victoris. The division wes besed
on the relstionshing of the lavas in the Port Phillip district
to fossiliferocus merine beds, end wess then extended "by
gonjecture or snalogy” to lsvas in other parts of Victoria,

The evidence for correlstion wes often doubiful znd there
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5.3

The other line of evidence as to the age of the Older
Voleanic rocks, espeeially in East Gippsland, are the
physiographic, which is described by Hills, and the
netrological., Correlation on the petralogiﬁal grounds
tends to be regarded with suspicion, becsuse rocks which
originate by similar processes of differentiation mast
necessarily be generally similar in appearance and compo-
sition, even though formed at widely separated geologieal
neriods.

It often happens, however, that a group of consanguineous
rocks will possess minor peculiar characteristies which
readily distinguish it from another generally similar suite.
This is fortunately the case in Victoria, where both the
Older Volecanics and the Wewer Voleanics sultes contain types
with distinctive features and of widespread occurrence,

vi

B2

and iddingsite-basalts in the Newer Volcanics as well as
other less marked differences.

Moreover, it has been found that the classification of such
rocks as Newer Volecanie or Older Voleanic by their petrolo=-
gical characters agrees closely with determinations of their
age by physiographic or stratizraphic methods.

Field Work

Fifty-three samples of Clder Velecanic basalt were collected
from twenty-cne localities.

In Table 3 is a list of these localities.

. crinasnites and titanaugite -basalts in the Older Volecanics
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1a Dipole field
2a Present field
3a Mean site direction

Figure.2o.
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These resulis seem o be in agreement with those of Ipving
and Green, in that the mean direction of magnetization is

greater than expected if the rocks were magnetized in the

In order to check the stability of the magnetization of

the direction of magnetization of the recks was remeasured.

avhie nrojection, it becane evident that vhile
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Pigures 21,22,23,24,25 show initial and re-measured

zation of sone

than

Stability of magnetizatio
1 2

his
O

Following the investigation of 5.5 ¢t becomes apparent
B &

that there is an Instability present in these basalts and

the writer therefore directed his sttention to it. It

was thought that an answer to the guesiion proposed in 5.5




e Original directions.

O Remeasurement .

Specimen 25

Figure.21.
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® Original directions
O Remeasurement

Specimen 19

Figure .22,




® Original directions.

O Remeasurement .

Specimen 38

Figure.23.




e Original  directions

O Remeasurement

Specimen 2

Figure.24
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e Original directions

O Remedasurement

| Specimen 36

Figure.25.
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might be found if more wss known shout the magnstic

minersls present in the haeelis, 2nd so the investigation

- of 6, wes commenced,

It hae been shown 2 bove in 5,5 thet instebilidy of

megnetizetion 18 present in some of the samples removed
from these Clder Voleanic baselts, so 8ll the gpecimens
were cleaned in sn .0, magnetic field to see what effect
thie clesning would have on the meen direction of megnetie
zation,

The sppesratus veed has been d eseribed in 2,

Two rock disce from each of the samples eollected were
used in the clsaning expsrimente. All the dises f?@m
any one gite were gleaned progressively in flields of

L3, B&, 129 and 173 ocersted in opder to obiain the dise-

tribution with minimum dispersion.

5.7.2 Ik

The direction of megnetizetion after clesning in these
various fielde are given in Appendix L snd it is seen
that within site dispersion was improved by the
gleaning in some cases only.

The mean direction of megnetization efter eleaning is

given in Table 5,
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1a Dipole field
2a Present field
3a Mean of sitedirections

Figure.20.




97

Figure 27




The effect of the a.s. cleaning is therefore %o remove

unstable components of megnetizetion snd the result ig s

mean direction of msgnetization of grester inclination,




DER_VOLCANICS

In order to understand more =boul the origin of the
megnetienm of these voleanic rodks, the writer carried out

thermal demegnetization experiments on mecimens teken from

the semples collected., I% was thought thet this investipge
tion would provide informetion ss to the nature of the
mapgnetie mineral recponsible for the magnetie properties

asgociated with the rockse, The thermal demagneti zetion

spraratus was constructed late in 4959,

Heating of rock specimens was carried out in z2n inert
strmosnhere of nitrogen, The method of introducing the
nitrogen into the furnace is shown in figure 28, A
manometer wag used to indleate the presence of & small
positive pressure inside the furnsce. The standard
spegimen used in heating was & cylind@rical one of height
and diameter 22 mm, A

In the introduetion to theories of thermo-remensnt
magnetization (TRM) in single-domain and multi-domain
grains, such as hove been advanced by Neel (1955) and
Stecey (1958), reference is made to the fact thet Wagats
{1953) found that while the Perromagnetic cherscter of

graing appears at their Curie temperstures, and spontanecus
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magnetization also oceurred at these tewperatures, it
was evident from saturstion magnetization measurements
that the a2bility to retein induced moments is not reached
untll temperatures several tens of degrees lower still

are reaehe&;

Feel's theory shows that thermsl apitation is responsible
for preventing reménence sbove these lower temperatures
which hove been termed "blocking temperatures”. The
moment in & grein at 1ts blocking tempersture is “"frozen
in" by further ecoling, end becomes thermo-remanent
magnetization., Neel's theory is for single domein greins
and he scknowledges that naturally occurring magnetie
grains are much lerger, and cannot be correctly considered

as gingle domaing.

Considering larger multi-domain grains, Neel obtained

the expresgsion

o) = 214 B ¥y
where ﬁﬁ is the coercive foree st room tempersture and ¥
is the demsgnetizing factor. In this case TRY is proportions
8l %o ﬁé%. However it is found experimentally thet TRY is
proportional to H rather than E% in #ery weak fieldsg of the
order of 1 oersted, |
Stacey (1958) has presented a theory for thermo-vemsnence
in multi-domain grains in which by proposing that at the
blocking temperature crystelline anisotropy and
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magnetostriotion esefficients equal zevo, and only
mapnetontatie effeets control the memetization, he shows

thet the magnetic moment at room tempsrature iz given by

where k, 1a the susceptibility at room tempersture and Mg

is the sontsneous magneiization,

heating specimens in zero

field are sghown in Appendix 5.

It 1g evident on examinstion of these curves that 41 fferent

thermel demsgnetizetion propartises zre nossessed by |

different rocks,

are given in fppendix & there are those which =

(1) were oripinelly normally megneiized.

Wos. 6, 7, 31, 33, 36, 38, L1,
(2) were originally reversely megnetized.
. Nes. 3, 19, 20, 24, 25, 26.

{3) gave close grouping of the 2irections of magnetization
of the dises removed fron one semple, 2nd on Pemeagure-
ment gave almost similar results %o those obisined 9
monthe before, and so & similerly elose grouning.

Hosz,. 3, gé, 2%
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Teble 6 mummsrizes in part the vesulis given in

Appendix 5,

TEMPERATURE AT
WHICH ZERO MAGNETIw
ZATION I8 ATTAINED

SITE SPECIMEN POLARITY

2 3 Reversed . 505°

3 6 ; Normal i kho
o | 7 o Egﬁaal o hio
8 49 Reversed 50
: - 20 Reverged L5
20 | meverse | @ u3p

10 25 I Reversed b55
7 26 o Raversaa L30
12 34 ' Hormal f 295'

13 | 33 Normal | 300

1y 36 . Normsl 580

| 15 38 | Hormal 580

16 L4 Normal 580




1oh

{h) gave rather scattered grouping of dirvections of

magnetizetion of snecimen 41ses removed from ons
sample, and on remsapurement gave resultg which 4iffered
from those of the initisl measurewent hy values grester
then would be expected on the grounde of experimsntsl
error in mezgurements.

Hos., 19, 36, 38

The writer in carrying out the thermsl demapnetizsiion

experiments on specimens of Older Voleanie basali, heated
the gpecinens m a8 field free spase, znd by means of a
megnetometer above the furnaes, recorded the continuous
variastion of mepnetization with tempersture.

This being the case it iz not entirely correet to refer %o
the point of finmal demegnetization of the specimens sxamined
in later sections as the Curie tempersture, but this is
done in the light of the experiments described on pages
105, 106,

An exsmination of the themal demspnetization ourves
obtained from meny of the specimens, such se figures 89, 90,
91, 92, 96 for speecimens 7, 7a, 19, 198 and 26 show the

by Hageta, in thet the rate

behaviour previously reported
of sequiring TRE 1g grestest at a tempersture which is

gome degrees lower than the tempersture st which final
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the writer that the final point of demsgnetization i the
Curie temperature,

Also in figures 124, 125, 126 are shown the thermal demegnetie
zation curves for speecimens 33, 25 and 21 earried out

in a vertical field of twice the value of the earth's
vertical component of field, This wos done by reversing
the vertical fiela compensating eolils of the Helmholtz
&ystem, The field in which the continuous thermal
Gemagnetization was cerried cut was therefore a Pield

of 1,12 oersted,

This experiment wes done %o see 1° it were possidle %o
detect sn induced mepnetization which might exist through
reagon of the indueing fleld being present between 8
blocking tempersture of the roek and the Curie temperature
of the megnetie mineral 1t contains, Thermal demagnetie
zation became complete at the same termerature in both
cases of the heating in zero field and in the fisla of
1.12 oersted. Any megnetization induced by such a

field ot temperatures neer the Curie temperaturs mipht

be oo emell to detest, however, snd this experiment need
not be sufficient proof that the point at which thermal
demagnetization becomes comnlets is the Curie tempersiure
rather than a blocking temperature. In thls experiment

the speeimen holder wass moved to an off central position
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to ensure that any veriticael induced moment wonld produce

a field a8t the msgnet systen,

Resgults which show that the tempersture st which final

demagnetization of the gp@@imaﬁ tekes plece ig very likely the

actual Curie tempersture, sre given in figures 127, 4128,

These curves show the final portion of the thermal demagneti-

zation curves of specimene whieh heve been given sn

isothermal remanent magnetizstion (T.7.4,) in a £ield of

3,000 cersted, As can be seen from the thermsl demagnetizas

tion curves, the point et which finel demsgnetizetion would

oceour is the ssme es that obtained by the thermal '
demsgnetization of the ¥,R. ¥, which has been described ashove,

The small discrepancy at the end of thess curves 1s probebly

due 4o small amoonts of high Curle point materisl 4n the

rocks.

The ras&im obtalined from the four different twypes of

specimen mentioned in 6,2.2 will now bes Aiscussed,

(1) Speeimens numbered 6, 7, 31, 33, 38, 41, were all
normally mespnetized., The temperature s% which finel
demsgnetization oceurs is varishble between 3@9“@ and
58&93, and there are single component snd two component
types present,

(2) Specimens numbered 3, 19, 20, 24, 25, 26, were reversely
mognetized. Again the temperature st which final
demsgnetization oceurred is varisble, this time being

between the limits L00O®C and 500°C. There sre no
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multi-component types present, but generally compering
the demagnetization curves with those of the gingle
gcomponent types asmong the normally magnetized specimenasa,
1t is seen that there is no noticable difference in
hehaviour of either the normally and reversely

magnetized specimens to thermal demepgnetization,

(3) & () The smount of scatter in the directions of

magnetization of the discs removed from a sample,

pbserved in 55, 18 seen to depend on the type of

thermal demegnetization curve obtained. Those with
the higher Curie points and slower initial loas of
mognetization such as 21, 25 (see figures 9k, 95) have
amaller scatter in the directions of magnstlization than
do those which lose their initiel magnetizetion fairly
rapidly, and so hsve low Curie point components in them

of the order of 100°C. For example Nos. 19, 36, 38

are of this type (see figures 91, 100, 401).

Another method which is sometimeg used in thermal demagneti=-
zation is to take the specimen to be exsmined, and %o heat
1t in the earth's fiai@ to a particular temperature T4 and
then alleow 1t to cool in zero fleld. The megnetic moment
is measured after the speeimen has completely cooled,

The specimen 1s then heated to temwperature T2, T2>T1 and
again allowed to cool in zero field. The magnetic

moment of the seceimen s again messured, SBlnce a rock
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gpecimen aooled in non-megnetic space ghows no remanent
magnetization in the ldeal case, the sbovemesntioned cooling
from T to 0°C 1n nop-=magneti ¢ ppace cannot caugse 8 change
in T.R.H.; the changes ohserved being chiefly dus %o haal.
The above procedure of heating snd cooling 1s eontinoed
until the specimen becomes demegnetized, However, in
practice this procedure never profduces complete demsmet iz8e
tion of the rock specimen and & minimum intensity of
magnetization alweys remains. Thisg minimum intensity of

magneti zation hes 2lso been observed by Irving et al (4964).

Ideally, this method should give the Curie point of the
megnetic minersl in the specimen, but becausese of this
minimom intensity of moagnetization that remaing, the writer
feels that the sgignificant point whieh 1e obtained is the
extrapolated intersection of the thermal Zemapnetization
curve, ususzlly the steepest portion, with the tempersture
exis, 28 12 shown in Pigure 36. This tempeorsturse the writer
considers 12 eloser to the blocking temperature than 4o the
Curie tempersture.

The demagnetization curve for pure magnetite corrected for
the minimuom intensity is given in figure 10h. TFigures 105,106,
107, 108 mlso corrested for the minimum intensity are the
thermal demagnetizetion curves for specimens 6, L1, 33, 3%6.
In figures 30, 31, 32, 33, 34, 35 are the chenges in the

direetion of natural remanent regnetizetion for specimens
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Specimen6
1 10C
2 240

3 330

b 455

Figure.3o.




Specimen 33

1 100C
2 180
3 330

- Figure.3l.
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Specimen 36

1 135C
2 290
3 390

- Figure32.




Specimen 41

1 130°C
2 280
3 420
L 515

- Figqure 33




Specimen 2/58

1 50C
2 170
3 260

- Figure34.
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Specimen 2/45

1 50C
2 170
3 260

Figure.35.
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6, 33, 36, 41, 2/58 and 2/h5 on heating to the different
temperatures involved following by cooling in zero field,
The specimens with the more stasble thermal demegnetization
properties retain their original direction of m&gaﬁtizatimﬁ
to higher temperatures than do those specimens which have
low Curie points. Specimens 2/45, L1 esnd 6 possess more
gtable thermal demmsgnetization properties than do the other
three specimens 2/58, 33 and 36,

It 1is interesting to aampére these results with those
discussed later in section 6.1.6 where changes in direction
of magnetization after a.c., msgnetic fleld demsgnetizstion
are @b%érV%é for the basalt specimens,

The megnetite in the artificial specimen was very fine
grained, of the order of 10 1 and this could sccount in
part or wholly for the fact thst the direction of megnetiza-
tion remeins constant during the thermal demagnetization
experiments, beceuse of the incrsased coercive force of
material with smell grain size (Bottschalk 195%3). However,
specimene 2/58 and 2/45, both from the seme flow have very
similar grain size spectrs {See figures 56, 54).

demagnetization,

The thermal demsgnetizetion curves obiteained by this method

in the opinion of the writer contain sglightly less
informstion than those obtained by heating in zero
Tield continuously. The reagon for this ig that as

mentioned in 6.2.2 continuous thermal demagnetization in
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zero fiald does give the Curie tempserature as the point at

which the thermal demagnstiszziion beconmes commlete, It also

Heating and cooling in zerc fleld glves less informatieon
because of the minimum intensity of magnetization remaining

after heating is large enocugh to mask the

end effects
-which can be observed vhen the heating is carried out
contimuously in zero field,

L
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Tuble 7 lists results cblained by the itwo methods of

£y

The location of the »oint 2 which is mentioned in this table

is given in Tizure 36,

It is evident from this comparison of the resulis obta

by the two methods that a ceriain amount of informetion is
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It is evident from the thermal demagnetization curves
obtained, that the Curie point of the specimens varies
considerably in the range 295°C to 580°C, and also that
there are some rock types present which give resulis

whieh stronsly suggest that there are two componsnt types
nresent in the rocks producing the magnetization (no.36,.38).
These results together with those of 6.3 indicate that

the magnetie mineral present in these basalis is a2
titanomagnetite rather than a pure magnetite.

Hatural magnetites have been found usually to consist,

not only of F%ﬁﬁg and Fe0, but alsc of a fazir amount of
Ti0,, according to chemical analysis,

Such magnetite containing an excessive amount of Ti0, is
generally called titanomagnetite.  According to Chevallier
and Pierre (1932), the titanomagnetite has chemicsl come
position FeQ (Fe, Ti}zﬂg, its crystal structure belonging
to the spinel iype. A8 Indicated by the resulis of
Pouillards studles, the so-called titanomasgnetites are
so0lid solutions b@tgﬁéﬁ ?@3g@ and Ti F@zﬁuﬁ both having the
inverse spinel structure, and their composition ean
generally be given byie

ot Y —
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Here the lattice constant of TiFe,0, which is not ferro-
magnetie is a = 8,53k % so that the l&tﬂi@@ gonstant of
a solid solution between ?@3&k and TiFe,0, changes from
8.413 R to 8.5 8.  Accoraingly the Curie point alse
changes continuously from 578°C to 0°K. (Poullsrd (1950)).

Sample made of Sample made

Fey0y x Fey0y + of Fe,0, + TiFe,0,
y 110, 710,

ﬁlﬁﬁgagﬁ
mol,

0o 8 10 | 18 25 | %2 | 42

Lattice ’ |
8.4138 | 8.420 | 8,428 | 8.430] 8.440| 8.460] 846D 8.5

constant
Curie
coint | 575 | 52 | 485 | w75 | ue8 | 230 | 215 -

In another investigation carried out by akimoto {(1957), the
Tepromagnetic minerals were sevarated from a large number of
typleal igneous rocks in Japan., The ferromagnetice nroperiies
of these rocks could be asttributed to the ferromagnetism of
the titanomagnetites having z spinel type structure,
Eﬁgr%ssiﬁg the chemical comnesition of these titanomsgnetites
on a diagram of the Fe0 - ?@233 - Tiag ternary system, it is
found that they are distributed sround the straight line
connecting Ti?agﬁ% and ?ﬁ3ﬁh* The dats in this investigzation

show the calculated content of ulvospinel (Ti?%§u3 in the
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In this paper Akimoto and Katsura made reference to s paper by

Vinecent, Wright, Chevallier and Hat} 1957) who-had studied
heating experiments on some natural titeniferous magnetites
having unmixing lamellae of magnetite and ilmenite, and the
minerslogiesl changes oceurring during heating experiments were
followed microscopieally and by determining the change in unit
cell dimensions of the various nhases, and alsoc by cuantitative
measurements of their magnetie proserties, Vincent et al con-
cluded that at high temperatures fairly extensive solid solution
srobably exists over much of the %@gﬁ%tlt@—%l?@%ﬂiﬂﬁlwilﬁ enite
compositional field, and that homogeneous titano-magretite (ealled
by Akimoto et al (1957) a generalized titanoc-magnetite) of widely
varylng composition and magnetie properties may persist without
unmixing in some rapidly coecled lavas. These considerations
are quite accepted in general for the titanomagnetites in
Japanese ¥oleanic rocks, but it is also established that the
titanomagnetites in Japanese voleanic rocks enters into th%
magnetite-ilmenite-hematite compositional field beyond the nagne-
tite-ilmenite join. Vincent et al pointed out the fairly poor
correlation between chemieal crystallogranhle and magnetic data
in the previous study of Akimoto (1957) and suggested that some
of these specimens concerned might have unmixed to warious
extents, and in different ways acecording to composition, Hecause
of this criticism Akimoto and Katsurs selected specimens from

the previous study of Akimoto (1957), plus some more faor their
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present study, and special ecare was paid to the identifica-

tion of the unmixing ilmeniie-hematite series minerals in
specimens, and no sample with exsolution lamellae of ilmenite
and/or hematlite in them was used.

From the results obtalned using these specimens it is clear

that the chemical composition of naturally oecurring titsno=-
ﬁagﬂ%%iiﬁﬁ does ﬁ@%‘ﬁKWﬂFE agcord with ?iF@gﬁg - Fe ﬁ% so0lid
solution line, but in most cases deviates from this join towards
the Ti?@@s - ?@2@3 join side, The chemlesl composition of
about 80% of samples are distributed between these two prinecinal
lines, ?@3@% - TiFe, 0 5 and ?@Sﬁ% ~‘Ti?@ﬁ3, but again, some
elght samples, especially six, deviate greatly from these two
prinsipal lines and enter inte the F@BQ# - ?@283 - Ti?@ﬁg |
compositional Tield, Akkimoto and Ratsuras czll these six
titanomagnetites very abnormal titanomagnetites, those

between the lines F$3§% - ?ig%zgkﬁ‘?@BQ% - TiF@QB the inter-

medlate titanoms

gnetites, and the titanomagnetites on the
line, or near the line F@3ﬁk - Tigagﬁk Join, the normal

titanomagnetites.

It was reported by Hagata, Akimoto and Uyeda (1953) that an
ensemble of ferromagnetic minerals separated from the
original voleanic rocks generally consists of a large number
of grains of different chemical composition, having different
Curie temperatures, with the result that the magnetic
properties of a rock specimen renresent those of the average

composition of the ensemble,




In their study Akimoito and Xatsura (1958) also separated a
certain amount of the titanomagnetite grains from s rock
specimen and further eclassified it with respect to Curie
temperature by magnetic separation at various temperatures.
The grouns of minerals fractionized every 2¢°¢ range were

used as speclmens for the detailed study of chemical composi-
tion and lstitiee parameter,

Here too it was found that the titanomsgnetite in an olivene
basalt, a dacite, and a rhyolite, consisted of several kinds
of grains of different chemical composition having different
separation temperatures.

It was also interesting to observe that the chemieal
compesition of the thermo-magnetically senarsted snecimens
changed econtinuocusly along the reduction-oxidation line of

the Fel = F@E%B - ?iﬁg ternary systen,.

These authors, Akimote and Xatsura, suggest that it msy be

a most important problem of voleanic petrology that tit&ﬁgm
magnetites in some voleanic rocks consist of a large number of
grains with different chemical composition, which are sasily
separated as the individual homogeneous phases without any une-
mixing lamsllae, <his fact suggests that the formation of the
titanomagnetites 1s quite complicated even in wolecanic ?@ﬁ%&
which were considered to be the most simple form of igneous
rocks, The titanomagnetlte in wvoleanic rocks which was presumed
to be guenched from a high tempersture state at the time of

their outflow over the esarth's surface may be affected not
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only by the physieal and chemical conditions of the magma,
but also by ites totsl history during sclidifisation. A
gimple eguilibrium state in chemiecsl reaction cannot be
sesumed

Further reference to specimens containing i1 tenomagnetite

grains of differing composition 1s made in 7.1.7.

netic minersls

Introduction

The megnetie mineral found in the basalts being investi gated
wag removed from certain samples, as is described in the
following section, and X-ray diffrsction snalyses were
carried out on it,

Procedure

Small smounts of the magnetic mineral were separsted Trom
the basalts by crushing and using s small ﬁﬁﬂé magnst to
separate the magnetie frsction, The sample was first
placed between two brass plates and broken, and the fragments
which were small enough were placed in a gpeeislly prepsred
brass mortar and crushed still further. Final crushing
was done in a2 corundum mortsr and pestle. Any introduction
of iron weas therefore eliminated,

The final powder was passed through 2 180 mesh sieve and

the metallliec fraction was removed by passing = small hand

magnet, with shiny paper over its pole pieces, sbove it,




6.3.3

Besultls
An x-pay diffraction photograph of this materisl

indicated the presence of = cuble minsral with 2 cell
spaeing just greater than thet for megnstite. The
sccurate cell spaciang for this meterisl was 8.&&3.2.

An x-ray specirogrsph test on some of the magnetic frae-
tion from another ssmple was glso carried ocut in the
following manner, Egual amounts of unsepsrated

crughed rock snd sepsreted fraection were usged in an
x=ray soectropraph determinstion of the smount of
titanium present in sach ease. The test ﬁha%éﬁ thet
there was st least 10 times wore titeniom present in ihe
geparated fraction then in the unsepsrsted crushed rock.
The test was not an ezsci one and was earried ocut in
thig fashion because some of the pyroxene and othesp
minerals present were sitached to the magnetiec grsins,
anfi g0 the magnetiecally separsted fraction of the samole
was not pure. However, the conclusion mast be thet

in it was eoncentrated most of the titaniom found in

the rock,

Table 8 15 2 chemical snelysis of an Older Volesnie
basslt, Edwards (1939),
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TABLE

510 46,04
15,08

505 5.08
Fel 6.95
MgO ~ | 7,02
Cal 7.75
Nas0 3.76
K,0 ZRIY

H, 0% 1.20

3 trace

100,36

S ——

Up to 3% titenium has been recorded in these rocks,
It would avppezr then that the magnetic mineral rather than

being a pure magnetite is actually a titanomagnetite,
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These thermal demagnetization ﬁﬁ@%ﬁi%ﬁﬁﬁ% carried out in
zero nagnetie field indicate that the magnetic alneral
present in these Clder Voleanie basalts is a titanomagnetite.
Some specimens have 2 dominent single phase with a very low
Curie point: in others the composition is near to that of
magnetite, and various intermediste multliphase systems of
oxide also ocour,

The pesults do not indicate any difference in the thermo-
magnetie behaviour between the rocks of normal and reversed
polarity.

These conclusions are similar to those drawn by Parry (1960)
in his investigation of the thermo-remanent pronerties of
basalts from ﬁﬁ@_ﬁ%ﬁ%? Volecanies. The experiments he
carried out were done with a translation balance, and
values of saturation mognstization were obitained at various

temperatures.
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Drouin South - directions before

cleaning

Figure 37




7e1:5 A,c,
7.1.5.1. Introduction

135

to shout 700 £, sbove ses level, Some yesars ago, several
bores were put down to test the sres of s0lid ?@@k, and
according to reports, it iz & volcenie plug, The surrounding
géi} is typieslly voleaniec, but conteing Tregments of
inGurated slate and sandstone which are probably sjected
blocks,.

?hé face of the quarry as 1t wss, exposed about LO fest of
solid rock with no signs of successive flows, In some
parts & rough columnsr giructure is developed. The rock

is dense end free from vesiculeg, but contains occasional
pateches of g0lid white zeolites whi@h.@@%é probably the

final minerals to ¢onsolidate from t he magma.

Under the microscope it is holoerystalline and panidio-
‘morphie. it consists of nepheline, augite, olivene, iron
ore and apatite; felspar is sbsent; HNepheline forms sbout
one third of the rock; 1t is limpid 2nd eolourless and the
erystals are from .05 to .25 m.m, scross. Augite, the next
most sbundant minersl forms greenish prisms sbout .08 m.m.
long in felted aggregates hetween the nepheline erystsls.
Olivene ig feirly sbundsant in erystsls about 41 m.m. to 1.5
m.m. long; it is generally fresh but iz partly slitered %o
gserpentine, Abundant cubes of iron ore probably titeni-

ferous magnetite are sesttered through the rock,

_megnetic field clesning of the rocks from Drouin-South
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of the semples ftaken from the quarry a2t Drouin-South, the
writer carried out s.c. cleaning experiments in order %o
see if there were unsicble components of megnetization
present in these rocks.
The w riter thought that these rocks might possess 2 mixed
polarity of msgnetizations as reported by Green and Irving
but the presence of temporary unstable components of
magnetization superimposed on the stable directions of
megnetization had csused the directions to begome secattered.
Cleaning might remove these temporspy unstasble components.
The cleaning was done &% Canberra where a.c, demegnetization
apparatus weg made svellsble to the writer. This apparatus

has been deseribed by Irving et al (1964),

The first thing thet was done was to clesn the specimens
from the ssmples numbered 2/36, 2/35, 2/37 ... etc. in a.e.
magnetiec flelds of 150 and 225 oersted, Figar@% 38, 39
are plots on 2n equal sngle stereosrsphic graﬁgaﬁiﬁn of
the directions of magnetization after cleaning in these two
field s,

It can be seen from thege figures that the minimum scatter
of directions after cleaning occurs fromi 50 oersied when
most of these specimens become reversely magnetized,

The value of the precision X (Figher (1953)) for the two
distributions obtsined after cleaning in fields of 1850 and
225 opersted sre given in Table 41,
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Drouin South
cleaning

directions after
in 150 oersted.

Figure 38.




Drouin South - directions after

cleaning in 225 oersted.

Figure.39




A.e. Cleaning | x | Mean direction of
field : magnetization
D (M.N.) 1
225 ‘ 3.2 75 +71

As is seen from the figures and slgo from the value of X
for both of these distributions, the secastter of the points
is still great. More will be seid sbout this scatter in 9.
Two of the speeimens 2/45, & typleelly reversed one, =nd
2/59 a typieslly normally megnetized one, were washed
progressively in fields of 45,90, 150, 300, 450, 600, 750
oersted,

The s.¢. demsgnetization curves for these two specimens are

shown in figure LD,
The values of the moment of magnetization for the fields

mentioned are given in Table 42,

TABLE 12
hie. Field 2/45 |  2/59
{oersted) Homent ce.ges. | Homent c.z.s.
: Units Unite
Initial 348 x 1073 2.3 % 1000
45 3,22 x 107 5.68 x 10~
90 | 2.81 x 1073 k.40 x 107H
150 | 2,52 x 10~ 3 2.68 x 4§”h
300 | 1,29 x 1077 1.26 x 1074
450 7.55 x 1074 | 1,97 z 1074
600 3,37 % ié“s » 1.97 x 1078
750 | Ll x 10~ 1.16 x 10~}
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500 600 7<'>o 800

4'00

200 300
Cleaning field [oersted)]

loo

™ QY —
—~—— uonDziyeubow 2A1DjRY

a - Specimen 2/45
b - Specimen 2/59

Figure 4o.
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It is seen from the a,c, demagnetization curves that the
reverssly magnetiszed specimen ieo less easily demegnetized
then is the normelly magnetized specimen which resches a
value of minimum intensity of magnetization for a.ec.
cleaning at sbout 200 oersted,

Also, by subjeeting these specimens to high d.e. fileléds

it 18 poesible to magnetize them to 2 considersble intenmity
of isothermsl remanent intensity (I.R.Y,), which, however,
does not reach saturation in 3,000 gauss for specimen 2/LS.
The opposing field reguired %o remove this I.,R.¥, is called
the coereivity of remenence and is a2bout 500 cersted for 2/45
and 200 oersted for 2/59. TFigures L1,42 show the results
of such experiments for these two specimens 2745, 2/59.

Thermal demegnetization curves for specimens Prom Drouin-

South which were used in the a,o., clesning experiments were
obtained, The ocurves are ghown in Appendix 5 See aleo
figure Lk,

In Table 13 are given the values of the Curle pointe obtained

for these specinens.

TABLE
ﬁéaaimen , ﬁmrie poiat |
%
/528 300
5he 260
55a 220
56a ' 3
358 230

(contd.)
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Volts —»

Specimen  2/45
[Calibration curve for magnet
is shown in figure43]

Fiqure 41,
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37a
Log
Lia i %30

58a 200, 580
59 175, %35
g 22%5 5§@
Y5a %00, 510

The changes in the directions of magnetization aflter washing
sneeimens in Tields of 45, 90 and 150 cersted are given in
Table 14 together with the Curle temperature cbtained.

This was carried out using the apparatus buili at Adelside,.

gﬁ?i@ CLEANING FIELD {(Oersted)
.20
i gy 3 oGt I pOE)! I
241 430 265 | -8 217 1+75] 143 [+30
Wb | 225,500 233 |+30] 204 |+76] 222 |+8 +30
52b 300 | 3| -55] 50 [-56] 85 |-20] 292 [+18
54b 260 106 | =38 O i=b2] 27 [=11] 355 |+54
55b 220 | 195 | -72| 207 | =55] U4 |+56] 283 [+5
565 330 8] -83) 92 [-75; 6B |-38 68 [+26
58b 300,580] 191 -7 181 |+66] 122 |+801 123 |+80
59b | 175,435 21 | <37 18 [ +33] 25 [+69] L7 |+7h
%5h L00,510] 338 | +66 6 {+72] 314 1+80] 324 1+80

Specimen
Point

There is thus z definite correlstlon between the Curle
temperature of the main megnetic components and the stability
of these roeks, if we assume that the stability of the specimen

is in some way “dependent on the angle belween the magnetle-
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zation of the specimen and the originally stable reversed
divection. That is, speecimens 2/Ll, 2/45 (See figuve LL)
contain a large smount of high Curie point titanomagnetits,
and are the only two specimens which still retein their
original direction of megnetization. The other rocks
including 2/58, 2/59 which contain mainly a low OCurie point
titanomagnetite have scquired large unstable components of
magnetization which can, however, be removed by n.c.
cleaning as has elready been described,

In order to indicate further the relationship bhetween
stability of magnetization to s.c. demegnetization and Curdle
temperature, or composition eof the titenomesgnetites in thease
basalts, the writer toock specimens of different thermal
demagnetization cheracierisiics and subjected them to a.c.
demeagnetization, The regults of these experiments are
shown in figures 45,L6,47, In figure 45 are ghown the
thermal demagnetization curves for speecimens 2/45, 2/59
2/b4, teken f rom Drouin-South together with those for
specimens 33, 36, 41 elso eollected from the Older Voleanie
basalts of Vietoria. 1In figure L6 are given the a.e.
demagnetization curves for specimens from these rocks, while
in figure 47 eare curves which shgw*%;%rfar L H @quai $o
intervale of 50 ocersted, o

It is seen from these last figures that the stability of

the magnetlization to a.c, demsgnetization seems to depend
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in part at least on the Curie temperature of the main
titanomagnetite which the basalt contains, se th& rate of
change of mesgnetization is greatest at higher s.0, Tielde
for those specimens which contain meinly the higher ﬁﬁri@
point titenomagnetites,
Grain size unﬁa&bteély has some %ffee%; but 1t must be
remembered thet epecimens 2/45 and 2/59 sre similsr rocks
(see the grain size analyses in figures 54, 56) and so
represgsent two sxtremes of the dependence of stebility on
composltion,
The other specimens 2/41, 33, 36 end L1 were chosen a2s having
intermediste compositions in an effort to show thst inter
mediste points do exist in the relationghip between stability
of magnetizetion and Curie temperature, |
The ehenges in the direction of msgnetization for specimens
from the samples just referred to, namely 2/59, 2/L5, 33, 36
end L1, are shown in fipures 48, 49, 50, 51, 52. For
gpecimens 33, 36 and L1, the change in direction of magnet=-
ization far two discs are shown. It is seen that in higher
a.c, flelds, specimen 2/45 almost retains its original
direction of megnetizetion, while in specimens 33, 36 and L1,
where the variation of direction of two specimen dises is
observed, t he two directions of magnetization after remaining
nearly parallel in the smaller 2.c, fields, graduslly disperse
in higher demasgnetizing flelds wh@ntkh@ intengity of

megnetization reaches a minimum condition (¥ min),
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Specimen 33
1 - 34 cersted
2 - 068
3 - 19
4 - 225
5 - 510

Figure.So.




Specimen 36

1 - 34oersted 4 - 170

2 - 68 b - 340

3 - 19 6 - 510
7 - 680

Figure5l.




Specimen 41

1 - 43oersted 4 - 170
2 - 86 5 - 225
3 - 129 6 - 510
7 - 710

Figure 52 '
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After the thermal demagnetization experiments on the rocks
from Drouin-South were carried ocut and showed th at the
gstability of magnetization denends on the composition of
the titanomagnetite they contain, thin sections of some

of the specimens were made to study grain size variations
in the iron minerals.

Thin sections of specimens mumbered 2/52, 2/41, 2/56, 2/55,
2/5%, 245, 2/59, 2/58, 2/4h were cut and examined. The
spacimens could be divided into two groups on peitrglogiesl
grounds,

(1)

The numbers of these specimens are 2/52, 2/41, 2/56,
2/55, 2/5%. All of these slides are very similar

ard are guilte distinctlive in that they contain

nepheline, The main minerals present in these slides
Lolct T
(1)  Augite
(11) Hepheline
(iii) Olivene rimmed with iddingsite
{iv) agnetite (titaniferous)

As hes alrezdy been outlined in 7.1.4 these rocks are
part of a plug of olivene-nenhelinite rock.

(2)

The numbers of these specimens are 2/58, 2/59, 2/4k znd

s i
248,
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.
feasible as specimens 2/58, 2/59 are quite unstable tyn res,
while specimens 2/ and 2/45 are stable,

Polished sections of specimens 2/, 2/45, 2/56, 2/52 were
also made and were examined by the writer, One of the
objects of this investigation was %o ez @@iﬁ@'%;@ iron
minerals 1n these basalts in more detall to see if they
‘exhibited the effects of weathering. Also, in the case

of speecimens 2/4% and 245 some attention was to be paid

te exsolution phenomens, as thess were samples which gave \

thermal demagnetization curves, indicating that multishase
magnetic systems were present in the rocks,

An examination of these specimens showed, however, that as
has been deseribed in 7.2.6, grains of different composition
exist in these particular basalt specimens, and are the
cause of the rocks having thermal demagnetizaetion curves
which indieate the presence of a multiphase magnetic system,
not exsolution phenomena as was thought by the writer weould

be the cage,

These observations, in view of the nrevious discussion of
the findings of Akiwoto and Katsura (1958) in 7:2.6, suggest

to the writer that at Drouin-South we have at the top of the
quarry a basalt flow which was intruded st 2 later date by
a large clivene-nephelinite plug. The basalt has been re-
heated by the nlug and the stable direction of magneti-

zatlon it has acguired represents the direction of
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The rock may have originally eontained a Terrimagnetie
minersl whiech subseguently suffered chemical change,
the effect of which wss to decrease or desstroy the
partial magnetization in the direction of the earth's :
field, leaving the partisl magnetizstion reversed to ths
earth's field. The wmagnetiec mineral in these basalts is
az ititanomagnetite wﬁieﬁ is ferrimagnetie, but from the
study of thin and polished sections it does not seen to
have undergone any chemieal chenge other than oxidation,

in the case of some of the specinmens from Drouln-South,

The rock may contaln azgrezates of two fi@@iy‘ﬁivid@ﬁ‘
ferrimagneties of different Curie noints which were in
existence when the rock conled through the higher Curie
point (4).

The ferrimagnetic of higher Curie point (4) would be
magnetized parallel to the external fleld; that of
lower Cuple point (B) would then be maznetized in a
field which would be the resultant of the external field
and the demsgnetization fleld of (A), which aecording
to the hypothesis may be in a direction onposed to the
external field.

Two sueh constituents did not seen to be present in the
rocks, Heel {195%5) slso nroposes reversed T.R.M. may

oecur due to multi-phase magnetic systems, but the

thermal demagnetization experiments on specimens from

Drouin-South show that both single and two component
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TABLE 16 (¥errl Creek) contd,

Specimen Ho. | Moment c.z.s/c.c. D (H.H.) I

30 1.29 162 &1
18 .21 167 53
19

‘f% £y 7 ‘% %3 f;f
21 .78 168 57
22 2.9 1 6
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Merri Creek Quarry

Figure.62.
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TABLE 17 {Avverfeldie Quarry)
Specimen o, D (M.N,) 1

2/8 128 53

9 138 ' 29
10 i 147 58
14 149 45
12 139 4o
13 , 127 L2
14 , 145 45
15 160 31
16 167 y2
17 170 39

The mean direction of magnetization of these directions is
D (M.F.) = 447°
I = uy°

K = N = 1
¥ «-R

am - 4 = 34,6
’1@—-?.714‘ '

The dispersion of the directions of magnetization of the

gpecimens from Abberfeldie guarry is thus greater then

 those from Herri Creek guarry, but the difference is not

large,

The specimensg from Abberfeldie guarry were clesned in
fields of 86 and 173 ocersted, The directions of

megnetizetion after the cleaning are given in Table 18.
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Abberfeldie Quarry - before cleaning.

Figure 63.
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Abberfeldie Quarry - 86o0ersted

Fiqure 64
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TN

Abberfeldie Quarry - 173 oersted

Figure.65.
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TABLE 18

SPECIMEN A.0, CLEANJNG FISLD ,

}O, 86 cersted ' T 1732 oersted

D (H.¥.) 'S D (H.7.) T
2/8 137 59 143 53
9 138 54 146 u5

10 155 53 148 58

11 152 18 155 59

12 156 52 168 49

13 134 U5 7 57

14 142 51 142 503

15 163 38 170 L8

16 166 L6 166 158 |

17 167 43 168 bl

The value of K after clesning in these fields is set out in

Table 19.

Thus the a.c. cleaning has improved the scatter of the

TABLE
A.c, cleaning field x
{oersted)
86 L50
173 82

directions of magnetization congidersbly.

I+ would sppear then that the scatter of the directions of
magnetization of specimens itaken from e single baealt flow

is in part due to the faet that the rocks acquire small

t@mpsrary components of magnetization.




Three specimens, one from near the tep, snother near the

middle and 2 $hird from near the base of the quarry face at

 Specimen  Curie Point °C

2/ 3 | 400
o/ - 325
2/29 ' - 350

Fipores 421, 122, 123 are the thermal demagnetizstion

gurves for these spocimeng.

The magnetic mineral here 1g most likely a titsno-
magnetite and from the results obtained is one which is
glightly more stable thermally than most of the specimens
from Drouin-South (see Figures 109 to 120),

It is elso seen that while there is 2 variation of
Curie point over the thickness of the lava flow here,
this variation is emsll compzred with the situetion at
Drouin-South quarry end msy be in part the explanation
for the uniform megnetization of the flow.
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182
FURTHER EXPERIMENTS ON STABILITY OF MAGNETIZATION IN

NATURAL AND SYNTHRETIC ROCK SPECIMENS.

Introduction

There has been increaging literature in recent yesre on
the ﬁtability of magnetization in r ocke, 2nd perhaps the
most up to dete investigetion of thie type was carried

out on igneous rocks by Irving et al (1961). They

have given & sstisfactory method for treating igneocus
rocks to remove unstable components of magnetization, and
thiz is the method usged in 5.7 and 7.1.5. They also
discuss how rocks retain the stsble N.R.¥. and suggest

that the stable magnetization ig retained in high stability
regions within the f%rromagn&ﬁie grains, and that the
explenation for the hard and soft megnetic componente which
are Tound not only in basaltz, but alss in other ignecus
rocks, is to be sought in exsgolved phases of differing
grain size in ferromagnetic grains,

The magnetic minerals in most bagelts are titenomsgnetites
ag ie the osse with the gpecimens collescted from Drouin-
South, A relation between stability snd Curie temperature
of the titanomagnetites has been indicated by the a,c. end
thermal demsgnetization experiments described in &, and
such a relation explsine in part the findings of previous
invesgtigationsg of Irving et al.

The procedure outlined by Irving et sl %o remove unstable

components of magnetization involves cleaning the rock
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specimens in graduslly increaping neak s.c, fields =nd
chooging the distribution of directionsg of mepgnetizastion
whiceh has the least seatter. They nlso report that
after trestment in high alternsting flelde, the intensity
of magnetizstion of & specimen does not dimini sh regularly
with incressing slternsting field; but levels off to an
almost constent sverage value when directions of magnetiza-
tion become nesrly random. This velue is called the
minimum intensity (¥ min) of mepnetizastion,
These authors suggest that the csuse Tor this ¥ min ie thst
the spontaneous magnetization of domains is lost only at
temperatures shove the Curle point, that the effect of
alternsting megnetic fields is one of rearrangement of
domains, end becsuse of statisgticsl fluctuation the resulisnt
moment of 2 specimen is never likely to be zero. The results
of experiments thet the writer hes carried out seem to suggest
that the reason why different eleaning fields produce minimom
seatter of direction in different gites is in large pert
due to the faet that the msgnetic minerals present in one
site may hesve Curle temperstures hundreds of éagf@ea
different from those present im another site, snd so0 possess
e different degree of instability.
One of the ressons for the poor grouping of directions of
megnetization sfter elesning the specimens from & perticulse
gite i@ due to the fact that the specimens may hsve = large

range of Curie tempersatures, s they do at Drouin-South,
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snd g0 the etsbhbility varies widely within this one site,
¥hile 2 specimen which has Terromagnetic grains composed
mainly of magnetite probably does not ascequire large
temporary components of magnetization, guite largs cleaning
fields can be used to remove any temporary components of
megnetization before the T.R.¥., is affected too mueh by the
cleaning,

On the other hand, those specimens which are composed mainly
of & ti%amam@g@gti%@ with a 1ow Curie tempersture are very
likely to acquire large unstable components of magnetization, |
but only smell washing fields can be used t0 demsgnetize
such specimens, for the megneiic moment reaches s minimum
intensity of magnetizstion after cleaning in fairly small
fields, and the direciions of magnetization begin tc become
scattered - almost random. Thie type of behaviour is shown

in 9.2.2.

Irving et al have suggested that the acsouracy of the

procedure of removal of umWented secondary megnetizstions
by slternsting msgnetie fields will be limited by the

presence of the minimum intensity in those cages where
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the magnitude of the soft component is lsrge, sinee ithe
minimom intensity of this mey exzeceed the megnituie of

the hard comonent.

To show whet effeet this mininum intensglty of mupnetizetion
of & soft gomoonent ean heve in those cages where there
gre high Curie tempersture snd low Curle t@%@@%&tare GO e
ponents pressnt, the writer heg tsken three specimens,
the thermal d emagnetization curves of which sre given in
figures 117, 119, 113. These sre gpecimens 2/55%, 2/58
and 2/4. It is seen that two of these are two component
types, one containing mostly & low Curie tempersture
titsnomsgnetite, The third contains s low Curle point
titenomagnetite only. The Curie temperstures of the

various components in these apecimens are plven in Table 21,

TABLE 21

Specimen Ho.

2/55 225

2/58 {50, 580
2/hl 225, 500

These specimens were demsgnetized repestedly in sn 2.c.
field of 500 ocersted and the direction and the moment of
magnetizetion were messured afier esch demspnetization,
The demagnetization wes repested ten times fér esch
specimen in this same fielé of 500 oersted, In & field

of this megnitude, specimen 2/55 =nd the low Curie
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tempersture titanomsgnetite of 2/58 end 2/hh should heve
resched the minimom intensity condition, but the high Curie
tempersture titanomsgnetite of 2/58 and 2/hh should not yet
have resched this eondition, @s is indicsted by fipgure LO,
the 8.c. demagnetizstion curve for specimen 2/45 which
econtains & high Curie temperature ﬁi%gﬁ&mﬁgﬁﬁtité having &
Curie tempersture @f'ﬁiaﬁﬁ.cgm@ﬁreﬁ with 5@Qa§ for specimen
2/lilt o
The directions of mesgnetizstion and the woment of the

 gpeeimen sfter each demegnetizastion is given in Table 22,

TABLE

Specimen 2/55 Specimen 2/58 3@@3&@%& Efag

M(c.z.s) |D(ME) I |M(c.g.s) D(MN) I | W(c.g.s) |D(uM)| 1

1.50x m"? 217! 4 11.2554072] 164 =30 1.79x 4072| 187 | by
1.79x1072| 194 =30 |1.28x 1072 | 133 |~61 [1.55x 1072| 357
1.90x 1072 248! 5 1.7hx 1072 | 27y shi1.28x 3072 jo | -2

1.91x1072) 285 0 [1.42x1072| 35| 24 1.59x 1072 1

1,482 1072 152 -56 |1.18x1072| 350 k| .B9x1072| 309 | ~58
1,722 1072 321 | =2 |2.04x 1072 305 | L6 |1.86x 1072 36
1.48x1072| 85 -8 | .B5x 1072 337 =67 1.17x 1072 37 | -51
1.50x 1072 326 -1 |1.15% 1072 | 168 | =5 [1.21x 107%| 161
1.30% 1072 239 | 45 (1.95x 1072 274 | 59[1.69x 107°| 126
1.48x1072] 86| 3 |1.26x1072) 204 | 36(1.59x1072| 173

In figure 66 the sngle of inclinstion and the msgnetic moment

of esch speeimen is plotted sgeinst the number of
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sgimen hes been demagnetized, it is guite

sesn that in the ecase of the specimens which have

Curie temnerature and low Curle temverature

netic moment varies

¥Yhen the dirsciion of

stable direction in the specimen whieh is not

much by the repested cleaning, together with a direction

Eﬁ athsr words, there is 2 hard

F SN N S A - - p , 5 oy S TN
af wvhich does not chonge greatly on ¢lesnis

tization, the directlo

congiderably with ¢leaning, because 1t %&ﬁ reached the

inimom intensity conditiom smgnetization and the

direetion of nagnetizst

- two

m

In figures 67,68are shown the efTect of cleanin
specimens, one which contains s very lov Curle ie
stite (2/55) and the other

nomagnetite {2/4%) under the following

graiure

TR Y s
titan

of the sseclmens have
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Specimen  2/55

1 - 45 oersted

2 90

3 170

4 260

5 340 Figure 67
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TRM + IRM

Specimen  2/44

1 — 45 oersted.
2 S0

3 170

4 260

5 340

Figure 63.
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T.R.¥, by heating them above their Curie temperatures to
253@3 and 5@@@ﬁ regpectively, and allowing them to cool

in the earth’s field. They were then given en I,R.H, of
about 100 persted and were cleaned in fields of L5, 90,
170, 260 and 34D oersted.

It is seen that in the case of the specimen which contains
the high Curie temperature titanomagnetite, the T,R.Y. is
removed by the ¢leaning, and the direction of magnetization
of the speecimen returns to the direction of the original
T.R.H. In the ecase of the rock containing the low Curie
temperature titanomegnetite, however, after initial clesning
the direction of megnetization begins to return to the
direction of magnetizetion of the T,R ¥, given to the
specimen but b@féra the T.R.M., is completely removed, the
T.R.H, of the specimen itself begins to be affected by the
inoreaged clesning field and the direction of megnetization

after clesning in these higher fields becomes almost random.

9'2‘3’ : .“:‘

In figures 69, 72 are shown the effect of demsgnetizing

specimens 33 be, 33 ba sfter they have been held at 400°C
for one hour in an atmosphere of air, and were sllowed to
ecool slowly in the esarth's field. These curves are compared
with the a.c. demagnetization curves obtained for the two
gpecimensa before they were heated in the manner Just

desopribed.
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Figures 70, 71, 73, 74 show the chsnge in ﬂir&atﬁ@ﬁ,af
magnetization at the particuler w@ghiﬁg'fiﬁlé% uged in
obtaining the a,¢c, demsgnetization curves shown in figures
€9, 70. After the sustained hﬁating the direction of the
T.R.M. 18 not affected much by the a.c. gleaning.,

In figures 75, 76 are the thermsl demsgnetization curves
obtained after specimen %3 has b&@a'hﬁlﬁ at elevated
temperatures for periods of 2 hours and L4 hours respectively.
Figure 75 shows the thermal demagnetization curve after
gpecimen %3 had been held at aaﬁwﬁﬁaﬁﬂ for 2 hours.

Figure 76 shows the thermal demagnetization curve for the
same specimen after i1t had been held at 400-500°C for an
additional 2 hours.

It appears that the effect of this sustalned heating in sip
is to cause the formation of s higher Curie point material
due to oxidstiocn.

An Y-ray powder photograph of the msgnetic fraction

separated from 33 after the sustained heating, showed that
this was still a titenomagnetite in that it had e slightly
expanded cell size compared with msgnetite { - 3.&2@).

No hemetite lines conld be detected so that the increased
stability wes not due to the formation of sn impure hematite,
8imiler changes in ﬁhﬁrmal demagnetizetion properties on
hesting in air have been reported by Parry (1960).

The object of this experiment was to link the formastion

of a phase of higher Curie temperature with incressed
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stability of megnetization ss hss been observed in 7.%.

It was thought that if 1%t were possible to gynthesize
titsnomagnetite in the laboratory, 1t might be possible
to reproduce the a,c. demsgnstization experiments which
have been carried out using nsturslly ogeurring rocks.
Titenomesgnetites hove been prepsred srtifieislly by
Pouillsrd (1950), who studied the veristions of cell size
with Curie tempersture, and the writer hoped by similar
methods to produce sueh moterisls.
Hixtures of finely powdered mepnetite sna ?iﬂgzwarﬁ mizad
intimately by further grinding in an sgsite mortsr, snd the
mixtures were held st high temperatures by placing them
inside a furnace. The apparatus used is shown in Tigure 77.
It conslists of the mein parts

{1) Furnsce

{2) 81lice tube and end eeal (figure 78)

(3) Backing pump

(4) A mesns of controlling the argon stmosphere.
Heating wes carried out in an atmosphere of srgon which was
continually flushed through the silica tubing, In order to
ensure that the oxygen pressure wss originaelily reduced to a
low yalue, the esir inside the =i lics tube was purped out
by means of 2 backing pump and reduced to & valve of 1072 m.m.

before flushing with arpgon wes commenced .
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Temperatures were measured by means of a thermocouple and
potentiometer,

The mixtures were held at a temperature of T,GGGOC for about
éﬁ hour and a half and were then allowed to cool.

Cooling was quite fast in that the silica tube waé rémﬁved
from the furnace and allowed to cool in air, :

The sample was removed from the plantinum crucible and crushed
in an agate mortar.

In order to determine the changes which had taken place,
Xarﬁy diffraction photographs using an 11 em. camera were
taken. The results of these investigations showed that the
magnetite lattice expanded quite considerably to produce é
titanomagnetite of cell dimension ::a.agﬁ compared with
8,39§'f@f ?ﬁre magnetite which was also photographed,

An accurate determination of the cell dimension was obtained
by using standard methods as deseribed in Henry, Lipson and
Wooster (1953). Figures 79,80,81 show the 5&* spaeings

Tound for the different diffraction lines plotted against

CGSz 0 ‘ﬁ@sz 0
B + -
Sin 0 g

The best fit straight line was then drawn through the points

and the value of Ya" at

Cos?o Cos? 6
+ e = 0 was recorded.
Sin 0 v
For magnetite a = 8.39 2
¢}
specimen 654 a = 8.51 A
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speeimen 698 2 = 8,50 z
Speecimens 654 and 698 on the basies of the findings of
Akimoto, Ketsura end Yoshida (1957) would have Curie tempera=-
tures of epproximately 1QQ@G, end ghould therefore be very
unstable types magnetically according to 7.1.6.
Some of the materiazl produced was crushed and mixed in
-plaster of paris io resemble & rock specimen, The crughed
material was pagsed through a 120 mesh pieve and a grain size
analysis of 1t showed particles between B5-50. . The grain
gize spectrum of 698 is shown in figure 82. Compare this

with the spectrum for the nsturally oceurring rock 2/59

.shawn in figure 55.

Specimen 65L was ecrushed and sieved suech that an equsl
amount of meterial less then 50 2 mesh and between
50=120 it was mixed in the final sample,

Figure 83 shows the a.c. demsgnetization curves for these
two artificial specimeng prepsred from 654 snd 698, together
with that obtained for an srtificial specimen econtaining
magnetite powder. In order to glve the specimens & T.R U,
each was heated to 600°C in W, and cooled in the earth's
field, The three gurves sre very similar.

The above result might appear puzzling when viewed in come
parison with the neaturally occurring rocke. The explanation
offered 1s that in the formation of the titanomegnetite,
1ittle asctual crystal growth was promoted and the fused
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product was made up of very smell orysitalsg of the expanded
lattice titenomagnetite of the order of size of %the grains
of magn&tipe originaelly used. Thus even the larger grains
> 50L are made up of small uni%s,
A faset whiech indicates that the physical size of the grain
in this cage is not & controlling factar in stability of
magnetization, is th%t both e.c., demasgnetization curves
for specimens 654 end 698, which are composed of different
sized perticles, are very similar.
Polished sections of some of the fused titanomsgnetite was
made, a&mely'@f 654, and it was observed that the specimen
had a sintered amppearsnce, being made up of particles of
<201 ,
Since this investigetion was carried out, t he writer has
noted a somewhat similar study which was reported by Uyeda
(1958).
Uyede synthesized ﬁitanam@gnetite iﬁ‘th@ range of cell
size 8,397 & ,@Qﬂg to 8,485 * .@agg, thet is in the series
of so0lid sclution (4-y) Eaﬁﬂﬁ. yFegTiﬂu.

The resulis of his experiments sre ghown in part in Tsble 23,

v Lettice constant | Te®C| He Grain He*
joersted| gize oer sted
v mierons

.67 8,485 * ,002 120 20 10 | 20
o50 8.458 =+ 002 260 24 10 24
.36 8.437 =+ .00 380 26 40 26
027 8.423% = 001 L30 26 10 26
+18 B.409  * ,004 490 22 100 | 123
W17 8,406 =+ 004 500 | 8 100 hi
11 8.397 + 001 |550 7 100 39
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e

Uyeds points out that the effect of zrain size on coercive
force is very evident in these pesulis, He indicates thsat

-gize was 104 in mean dismeter for the specimens

Y2 .27. However, the grain size for specimens y § ,18 was
found to be as large as 100 K. This b@iﬁg the case, it is
very diffieult to reconcile the rapid change of coercive
force between the samples where y = .18 and y = .17, for,
a8 1s evident from the table, their compositions are very
nearly identiesl, as susposedly is their grain size.

Using the relation

He o a -4 {Stacey (1958))

where d is the diameter of the zrains in microns,

the coercive force E@ reduced to the same zgrain size of

10 H  for specimens where ¥ = .17 and .11 1s given in the
last eolumn of the table. These results suggest the
?@l@ﬁi@ﬁﬁ%ﬁ% between coercive force and cell size shown in
figure 84, which shows an increase of coercive forece towards

pure magnetite. The value of gﬁ for v = .18 is omitted on

the graph.

From the experiments deseribed in 9.2 it seens possible to
draw several conclusions about the stability of these basalts.

S5tability of magnetization is dependant on the Curie

ture of the main megnetic minerals present in the rock.
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In section 7 it was shown that specimens 2/4L and 2/45

(see figures 113,11L4) contain a large emount of high Curie
point titsnomsgnetite, and are the only two specimens in the
locality which still retain an originsl rveversed direction of
magnetization, The other rocks, including 2/58, 2/59 which
contain moetly low Curie @aiﬁt titanomagnetite have acguired
large unsisble components of megnetization. Figures Lo(a)
and (b) show quite well the different behaviour to 2.c.
demsgnetizstion of thége two rocks, one containing mostly &
high Curie point titsnomesgnetite, These two specimens 2/45 and
2/59 have eimiler grain size spectre (see figures 54,55) so
the difference in stability of megnetization seems to be due
to the composition of the magnetice minerals.

The rocks containing a high Curie point titenomagnetite of
the composition near magn@tit@ possess & stable herd
magnetization; those which contain a low Curie point
titanomagnetite poszess an unsteble soft magnetization.

Other experiments which s how that the stability of megnetize-
tion is dependent on the Curie temperature, or composition
of the main magnetic mineral have been given in Section 9,

Of course it is evident from the resulits of the a.c.
demagnetization experiments carried ocut on t he rocks Trom
Drouin-South that some of the originally stable T.R. M, ia
retained even in the very unstable low Curie point t4teno~-
megnetites, Th@ reason why any of the originsl magnetization

is retained is probably due to the fact that there are
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pmagnetic miperal present in these besalte

many grains of ferr
which are <20 in size. These smaller grains would tend

2o yetaln the dirsetion 1 T.8.%. becauss of the

of the origina

2 Anoresnse of goereive foryce with decresase in greln slze
teehalk (19350,

: gxperizent described iz 9.2.4 suggests thaet finensss of

grain size is the shief resson for a titanomagnetite retainivg

sny of its origieally stable T.H.%, in & basalt.

&« resent theoxy for resansnt magpetizstion in multidomeils

ns by Sveritt (1962) also implies that the abovemsntioned

e
relationship betwesn Curle temperature and ceerelve forge
should beld.

Sveritt suggesis that the fundamental eguation relating block-

lng tenmperature and cosreive foree 1s of the form.

& §&.A’?ﬁ ,% " e -

a0

Where ~%% is the blecking temperature %),
is the Curie temperature ®c).

T, = (T, 0+ 273) - &

B is the coercive forsce.

L4 B natant and egualis 1, E z P e ;g
2 iz s g@ﬁ%i@ﬁ% and equels (7 <) x 10”

ihis eguatieon indicates that ﬁ iﬁ@f@%ﬁ@a with ﬁﬂ

Breritt @@%ﬁﬁ*g (1962), Thermoremanent magnetisation III.

enia
theory of multidomain greins, Phil. Mag., 7, 76, 599,




In 2.1.56 it was assumed that:-

(1) The magnetic field of the specimen does not have an
effect on the upper magnet of the magnet system.

{2) It is possible to introduce the specimen to the
measuring position from another position vhich is
so far away from the magnet systenm that the fieid
of the speecimen in this latter »osition has no effect
on the magnet systen.

(3) Although measurements are made in off-centre positions,
the vertieal distanee of the specimen below the nagnet
system is egqual to the distance of the specimen from
the magnet systen.

These assumptions are not entirely permissible, Feor

example in case (1) above, the effect on the top masnet

is not negligible compared with that on the bottom magnet,

shen the distances from the measuring position to elither

agnitude.

In ease (2) the specimen is aetually introduced to the

magnet become large, and so more nearly equal in =

measuring position from a distance of 17.6 cms. below the

lower magnet. Deflections produced by the specimen in

this pesitlon although comparatively small, are nevertheless
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present.

In case {3), the difference in distance ean be znprecisble
when the distonce traversed off-centre is of the same order
of magnitude as the distance of the specimen vertiezslly
pelow the lower ﬁ&gﬁ%ﬁi

Thusz the following correction factor is applied to the
measﬁf@d‘éir@sﬁiﬂaa of magnetization to take into account

the above departures from the assumed conditions.

The magnetic [ield of the horizontal component of the
dipele, pH, has components (figure 85a ),

2pH Cos ¢
He = 5
p3

pH 8ino
=

Ho t

Thus the horizontal field at P due to pH is,

T Hp Sin o - Hr Cos 0
= o Cos 0 Coso0 Sin 0 giﬁﬁéa
= -2pH + pH . |
r i

= pH,, (-2C0s% + s )
gs
But Z/% = 8in 6 , where z for a thin disc is given by

z = 2’2+ 2%,

z' = distance of centre of disc from lower magnet

radius of dise

]
#
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Thus the horizontal Tield

26 ) SinBG

= P/ 3 (sin®s - 2 Cos
= pH, » (Cos?y -2 8in%y ) Cosdy
/,3

The magnetic field due to the vertiesl component of the

dipole has components (figurelsh ),

2p, Cosy
ir = =
f‘:’
3

The horizontal field at P due %o p; is,
Hy Siny + Hp Cos ¢

= 2p, Cosy 8Biny + Po Siny Cos ¢

Z rB

“‘33/3 (2 Cosy Siny + Cosy Siny )

Lt

H

= 3 Cos ¢ Sin y

?ﬁ /f3

i

o4
g &
3p, =/ M Cos”y
At the upper magnet (10 cms. above) the horizental fileld due
to the horizontal component of the dipole is,

2

?E/(Z + 103 (Ges™ gyt - 2 sin® y1) Cosd y

and the horizontal field at the uprer magnet due to the
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vertical component cof the dipole is,

3“;5}532 L . 5

7 ¥
,(2’:‘;' 1@) Cos

v

]

where tan ¢' X,
‘z + 10

It must be remembered also that the speeimen will produce
a field at the magnet system of the magnetometer wheﬁ the
specimen ls in the lowered position before it is raised to
the point z below the bottom magnet.
The horizontal field at the bottom magnet due to the
norizontal component of the dipole in this baée position is
pH, 3 (Cos®y " - 28in® y ") Cosd y ®

17.6
Where tan ¢ " = Xp17.69 since in the lowered position
the distance to bottom magnet is 17.6 cms.’
The horizontal field at the upper magnet due to the

horizontal component of the dipcle in this base position is

ol (Cos® g™ - 8ind ym ) Cos> ym
/ v y y

{ e 7‘63
where tan ¢ "' = X/27’6

The horizontal field at the lower magent due to the vertieal
ée&p@neﬁt of the dipole with the specimen in the base

position is

302 %/, o Gos” ¢

The horizontal field at the upper magnelt due to the wertical
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" dipole component with the specimen in the base position is

3pz % b (30535 B
/296 /

Now the resultant deflections due to the horizontal field

of the vertical and horizontal dipole components (which are

sepasrated by the method of measurement) are actually due to

the differences between these various filelds,

The measured horizontal field of the horizontal component
= measured deflection x sensitivity

= E}‘H X S

PH/3 (Ccsglp wiéSinE(f/ ) {3{353(//
Z

(Cos® ¢t - 2 Sin'?“g// ') Cos> ¢

2

5 (Cos™ y " =2 $in®

g ) 8053 7

= By (Onad g - s 2 PRI B
“5/2?.63 (Cos p 2 8in“y } Cos” ¢

Thuspﬁ =

+ 17'6 Z 3 - 27.6 Z -
7tz + 10)3 A7+6 .
K
Where z = {:.Eosgg// -2 511125[/ ) Cos” W

K :

(z +10) = (Cos® g ' -2 Sin® por) Cos g !
K - = # : ' n 3 ®

17.6 = (Cos™ ¢y" =28in ¢ ") Cos” ¢ *




222
2 (8¢t
276 = (¢ Cos? w = 2 3in®y
Similsrly,
Dt z B
( P )
% N

a5

e . .
3X7%%\Pz R T ?3)?£$?3$% %kﬁ?,é L
where
kz = ﬁ@$§¢
k(z + 10 = Cos oy

5t
k ??aé = Oos {[/

Tan ¢ = p

Py

= Dt
B . E/ o
b5 L0 3=
H
z}%&} 2 I
If we put §?£< /oy = tang
1
as 1s the method as indicated in the factop C can be

evaluated for various z, and = correction

accordingly,

Lan

&@4

inplied




Correction




3.

22k
Correction factop
This 1s svalusted for various z, at x = 1.

s s ol

st
Las

Thiz correction is plotted in figure 86.

ey

Pxperimental verificstion

A stendard specimen &iﬁh&dtﬁﬁ? a dipole at = known
inclination was made using alﬁiaﬂ wire set in perspex.

The angle of inclination was known to be approximately 3&9‘
The walue of inclination was obtained at various z, and was
corrected using the correction given above.

The results are gilven in Tsble 24

=3 Ohosa




Alsc, in order to obta

sorrect for measurp

UB 19%/1, orovided by ¥r. Irving was measured both at Canberra

and a2t Adelaide on the magnetometers. The results of the

measurenents are given in Table 25.

-

u

Z B LI ¢ PoI M=z

x 10

R
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9.05 | 2
0.05
1
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=18 18.2
=19 19,0
20 =19 160
5 220 =23 ~1g 13e7
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LIS
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B
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£

Average | 220 -19

24,6
2341
230

218
2341

9,08 22 -1 ~17 18,2

- 9,08 | 222 | -20 | =20 | 18.0

R

Averase 2215 =18,.5

219

22.1

I' and ¥* are corrected values. The mean taken is a2 simple

arithmetiec mean which is strictly not correct but is guile

adeguate for the divergences involved. The mean directions

differ by about 1° and the moments by less than 5%.
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& small three-

L L., P TN - : - o % s A r=3
level, Three poilnts are marked on the surfacs of

the rock whieh determine a plane {(in future referred to

plonej. The strike and dip of this “dip®

asured and recorded.

When the rock is cored to obtain a specimen, the “dip®

plane is set in 2 horigzontal position., Thus the directions
of maznetization obtained are messurements relative to the
normal to this dip nlane and its Sﬁfik%a

The problem is then to convert these directions to

directions relative to the true horizontal plane and the

-nehic north direction.

et

Both irisonometricazl formulae and a guick graphlezl method

which nroduces gulte accurate results ere glven.

Cos ¢ SBin DY Cos I' - 5in ¢ 8in IV

Cos DY oz IV

Sin I = Cos I' 8in D' 3in ¢ + 8in 1I' Cos ¢
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¢ = The dip of the %4ip" plane whieh is nositive if
. 2 & &

£

the plene dips to the right of the direction of

strize.
BY = Declination and inelinstion of magnetization
x regarding the "dip" plene as horizontal.
Declinotion 1s wessured anticlockwise from the
direction of strike of this plane.
D = The reguired declination and inclination of magneti-
zation relative 1o the true horiszontal plane and the
strike of the "dip® plane., Declination is again

anticlockwise frow the direction of strike of the

)

#dip" plane which is measured clockwise from magnetie
northe.

gal method

A much quicker method, the acecuracy of which has bsen checked

using the above formulse, involves the use of the stercographic
,
nrojection,.
The direction of polarization with respect to the "dip" plane
as borizontal is plotlied on a sterecographie net, This point
is then rotated through the angle ¢ (the din of the ®dinp®
plane) which involves moving the point through ¢ along the
apnropriate small eircle. The value of ineclination angd
declination with respect to the horizontsl plane can nov be
read directly from the stercogravhic projection as the "dip®
plane has, in effect, been rotated to tske up its peal
orientation, The mechanies of this method are outlined in

Figure 87,
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w.rt.bedding.

Orientation w.r.t. horizontal.

Measurgment plane
rotated through &.
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APPEEDIX 3o

These are directions of magnetization relative to the
dise for é@%eim%ms of basalt collected for the field

SULVEYa

In the first list sre measurements taken immediately

after collection, and in the second list are messure-

ments obtalned gbout 9-12 months laster,

Directlion of magnetization relative to dise
Deelination | Inelination | Declination |Incliination
1 ag 30k : -3 Lot =32
ad 306 =3k 7 302 =36
aa 30k i =35 308 =38
eis 302 ] -36 303 -38
ba 30 -37 304 ~3h
" ac 302 | -33 305 =32
zb 302 ~3% P
2 ad | 96 -22
ab g9 =32 100 =33
as ol =28 95 =28
af 1cz2 =30
ac - 96 -29 97 =31
aa 90 =25 96 =25
3 ac 271 =22 277 =21
bb 273 =25 268 =26
aa 273 =22 274 =25
be 27 -25 276 - =27
ab 270 -28 : 276 =27
ba 270 -2 271 =23




230

Direction of magnetization relative to disc
~ Declination | inclinstion | Declination | incilination
L bb 271 , -7 290 =13
ba, 27 | =14
be 271 =14
ab 275 11
ae 249 | -13 24 <1k
aa 274 -12 - 259 -10
5 ba | 18 -71 260 -83
ae 41 =70 310 =73
28 1 =52 29% =Gl
ab 19 -72 0 | =86
be L6 | 58 202 =72
bb 32 =67 327 | ~21
ad 83 =59 |
bd 65 62
6 be 127 27 123 | =26
ad 120 -28 126 -21
ub 116 -15 59 -4
be 118 -20 118 ~21
ba 118 -18 61 =16
bd 125 ~28 123 -16
ae 120 =27 12k -15
ab 120 -2 114 -1k
aa 123 -18 123 | =10
cb 120 21 112 -15
éa 127 =25 113 -15
7 bb 105 =48 98 «38
ba 101 | =ty 93 | -38
be 99 45 10% ~35
ac 117 -5k 1% | 46
ad 105 AN 104 L2
be 110 29 111 | T
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Direction of megnetization relative to disc

Lo, "~ Declination ., inclination  Declination  inclination

7 bd 100 =11 106 -38
aa 110 <13 102 -39
ac 100 40 95 =31
ab 108 =6

8 bd 268 -2 267 +1
be 27k -3 27k _h
ab 268 - 269 =1
aa 267 -2 269 -1
be 263 -2 266 -3
ba 262 +2 260 +2
bb 261 +1 26% +1
a 295 =31 255 21
8¢ 277 -9 277 -8
ae REL -56 322 -5

9 bg 139 57 138 =56
as 166 w7k 165 =75
ba 124 -65 129 -62
ac 149 e 152 -8
bd 151 -75 148 -76
of 137 =70 |
ad 149 ~H0 150 =59
be 145 s: 143 -70
bh 129 67
be 146 -73 149 =72

10 ae -13 52 -2 «57
bb -32 -63 =29 <60
ba =30 =l ~32 =62
be =40 =57 =39 =Gk
bd =22 -59
ad -39 -62 =36 66
az 33 =50 -38 =59
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Direction of magnetization relative to disze

1o. Declination | Inclination | Declination | Inclination
10 56 =3 =63 =32 =56
12 aa 96 -3 98 .S

ab 97 Y 90 g
ae 99 . a8 "
ad g6 -2 89 =1
ae 96 +1 100 -3
13 ad 56 +7 59 +3
ae 57 +10 61 +9
ba &0 +8 61 +6
ab B¢ +8 63 +6
az 60 +9 65 +6
17 be 320 =32 337 =35
as 318 =31 290 <43
ag 307 =28 221 =31
bd 316 -24 3% =25
he 326 el 322 -38
b 311 =153 295 it
ab 305 -3
bs 316 =10 A0 witf
18 as 221 <40 247 =52
be 239 46 230 297
ac 2 -47
bb 232 -53 25% -58
ba 247 -51 263 gy
bd 230 =19 246 i 5
ab 220 48 236 5
19 ab 72 -32 80 -62
bb 83 -32 72 -16
ae 37 =56 6 =37
ba 79 =25 73 =15
be 80 -2k &4 =22
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Direction of magnetization relative to dise
Declination |Inclination | Declination |Inclination
19 ae 21 =6 Lé ~27
bd 32 -2 82 =25
be a1 -23 8 | -22
an 76 -19 76 6
ad 28 =50 59 S
20 aa 92 22 78 - Y
hd 108 -10 96 =9
ad 105 ! ~12 ] 108 =10
b 29 -19 , 97 -13
2G 106 -16 | 100 =15
ha 88 -15 | 80 : =10
ab o1 -10 o6 =10
be 108 | -1k : 57 | -12
21 28 2 -26 80 -19
bd 100 -23 97 -i6
ae of 18 a9 -1 8
ah ol ~21 87 ~18
e 103 -21 110 21
ba, o -1 B3 =G
be o3 =26 95 -12
1h 82 21 89 =15
22 bh 1hé +57 167 +47
be 226 +60 219 +52
ab 165 +1.7 161 +72
ad 237 +50 232 +54
bd 272 45 154 +59
ae 240 #33 169 5
aa 140 + 62 128 iy
ba 150 +62
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.ive to dlsc
iﬂ

K27 RE N SR . S . z 5 s -
Direetlon of magnetization rels
R

o, Declinstion j Inclination ion | Tnelination

% uvb 276 -13 283 N

ba 276 14 282 ~12
© 277 =ik 273 -13
aa 279 -1h 275 -15
ab 277 -1k 282 | =13

25 af 86 16 .38 _5
a8 iy o ~95 -5
e -8 -12 -93 -10
ab -87 -1 -83 -3
2 -83 -1 -38 10|

ah ' -3k =1 . ~-38 «11
ae -8 11 | -8 -5

ae =90 =13 =37 =5

26 ac 253 -8 ~ 261 =11
as 256 . =3 256 -2

be 251 -6 253 -7
ae 247 -5 253 ~10
_bb 261 = 262 -2

27 as 37 ~66
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. L 3 Vo S gy Ao A
Birection of megnetizetion relative to dise

E e .
Spgeimen

48 Declinstion [Inclination |Declination !Inclinatien

36 ba 100 | =56 1% 47
be 2 -72 .35 =6l

ab 130 61 101 -67

ac 143 55 149 56

as 106 =65 103 | Ty

ad 154 I k3 | 170 «39

bb 56 ~61 106 -5z

Bl 373 = 348 ~79
13 ~72 57 ] -7k

2 56 89 78
ae 162 -2 152 =53

37 bb 100 -i9 | 76 ~19

s8¢ 102 -18 93 =21
ba 99 -17 91 =21
be 10 ~17 91 =20
ab 103 -2

38 aa 267 -77 218 «i8
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S@ﬁcimen  Direction of magnetization relative to dise
H2e Declination |Inclination | Declination |Inclination
51 aa 87 =22 51 =33
ba 72 -16
be 114 -26 126 =33
ab 88 23 7 =53
bd 67 <40 99 -32
bb 71 =26 79 =21
be 89 ~40 96 =57
ac 136 ~68 11k -21
52 af 79 ~53 81 =53
| ac 74 ~59 76 -6}
ad 79 =50 83 ~49
ab 69 =56 63 =58
aa 63 =50 65 =50
ae 80 =13 80 . =50
53 ad =91 45 =76 =il
ac =90 ) ~76 bl
aa -k ~56 =91 -68
ah - 8% -3 -8 =0

The method of ezleculation

of the mean direction of

magnetization, according te Watson and Irving, now

follows,

Mean site directions for the original measurements are

given in the {ollowing table.
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Site Yo. D (M.N.) I
1 22 62
2 -38 =77
3 8 =76
L -17 -61
5 18 -62
6 17 -73
7 16 -
8 64 26
9 3k2 62

10 299 51
11 -19 =72
12 72 -55
13 =2k =63
14 7 67
15 229 =72
16 40 =59
17 87 -73
18 330 53
19 14 =73
20 188 74
21 =21 68
Mean direction of magnetization is:

D (T.N.) = 188°

1 = 71°

Oco = 93
W = ! ¢ N - ,
B - 2 )
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Where W is the weighted aversge of the Wi

= w5 (362 - 722,
362

= 17.1

IR

i Wi Hi-fi

]
€ 0 G0 o O W T W B el

el

il el
Fw o

4

B

00 w3 O

b
L

;

3

wdly

1%

362




1 5.731 2,268 11.352
2 3.233 ~2.560 18,013
3 7.283 O 1.0%% 2% ,909
L 8,288 =2.566 15.626
5 5,385 2.262 7433
6 7482 2.260 22.765
7 10.217 2.990 10.336
8 9.868 20,056 10.867
9 2,928 -.982 5,808
10 8.709 -10.626 16,937
11 5353 -1 .84 17903
12 2,049 6.365 9,501
13 2,490 -1.125 9.309
14 1.831 -6..470 16,106
15 =3 966 <15 183 18.2%1
16 .523 8.783 19.715
19 75 -2.998 10.492
18 3.053 =1.797 4,759
19 6.553 ~1 668 22,236
20 -3.623  =Jh72 12.799
29 3.%39 -1.322 9.022
86.999 7159 290,031

RZ = 7570 + 51.3 + 84100

R = 3&3 «3




ol

Site Wi Wi
1 13 169
2 19 351
3 3% 961
L 18 32k
] 10 100
6 2 625
7 15 225
8 26 676
9 8 64

10 22 Lgh

11 19 361

12 15 225

13 6 36

1 19 361

15 23 529

16 25 625

17 13 169

18 6 36

19 25 625

20 11 196

21 10 100

% WL = 362 s wi® o= 7252

Completing the analysis of dispersion table, we

obtainz-
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. Expectations
vean of mean
Squares

Sguares

"§ gv,?%ﬁ?
3

; W
%@ﬁ%mak??w y

Within
Site

2z (91 = 1)) | 3 (0i-RL) 127.467/¢0,
2.342 27469

= 682

= 403

LIV 1

0o 1) H=-R
= 362 -
3033
= 53,7

171
{nﬁ‘g{}ﬁé o e }

o — "3
and L7807 = 4

- (12.%3.362)"7 + (11.5%.21)~"
1 |
= 2000222 +  ,00hih

1
004349
= 229 b

i




=

i

- lﬁg »@5
229

2.9958
229,k




Regults of s.c. cleaning experiment on Older

APP
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wm

L%

ENDIX b

given in the following tables,

Bapalits are

Ayl

Tpee, 0 L3 86 129 173 | Locality
) 51 | DT D ]I Pl I | D |1
180 | 32|~60 42 | =57 h2 | =58 ‘git@
vb | 2h|-61 15 | =57 17 | =53 "o 1
2 as 29 | =62 30 | ~62 0| =585
3 bb | 111 | +79 133 | +8L I8 482 site
y s | 77|+77 325 | 482 178 | L85 No. 2
5 bb Ll =9 89 | +34 161 | =26
6 ad | =66|=64 |-38/=77| =16 =68 | =7 =60 gztaﬁ
be | =lli|=63 | =24 =67 =15 =71 | 21 -T1 10e 3
7 bd | =35 =7k | =33 =77 =8 =66 |-18 -63
bb | =37 =68 =9/ =78 =59 =59 | =55 =70
& be | 94i~33| 89 -35 90/ -58| 63 -u3
ad | L7|=57 | L6/ =53 L2/ =80 | 30/ 33
S Ba | 33|=70 | 5/-69 8 =74 | 81te
be | 350 =61 | =19 =69 35§ =58 Ho. L
10 ad | 339 =60 | =L -6l 353 =71 ~
ve | 346 -62 | =64 351 =63
) ) i
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11 ba
as
12 ze
Bg
13 as
ab

™3|

357

17 as |

bo

18 bd |
ab |

Site

Io.

‘?@ aa

28

20 ba
ab
21 be

250

259
2t 1 4

245

262 | +

323
299

351

127
331

0

-27
-1

[ +3

| +3

Site
%@1

22 ed
be
23 ad
bd

118
128
105

+55

| +73]

Site
Ho.

Y bb

2a
25 ag

26 ad

135
142
121
123
119
130

137
132
128

10

134

+63
+59
+63
+63

+56

+62

107

111

104 |
71

13

Site
Hoa

10
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&
&
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X5

D

ioeal-
ity

3438
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11

=71 i

| 299
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bb | =23 ) 5% 143 |81 8 |-70

228
185

| 215

I 316

et v

311

LA AN &

O ¥

Site

1k

38

39 ¢

279 | =61

”‘?g
=68
~56
=78
-68

)
Lad
IRV
i3
‘xi’{g&

v
(’A.j?{
(]
i
o)
i
g

s
o
&




Lacaim

Spet,. - — ?Igﬁﬁ N
No. L O B3 56 129 731 4y
| 7200 O IR A I B B 3 S 511
¥ ab 71 | =70 105 | =67 1112 {=60 | 196!-72 | site
af |317|-65| 32|-78| & .56 122{-52 | 1¢°
%2 ba 611781 29| -751 19 {77 31}=46
be | 53)-69) 26)-73| 15 |-78 1674
b3 pa | 115 -18}123 | =20 | 70 |39 (AT
ad 98| =561 117 [ =26 | 63 |47 | 39}-50 |
Wi aa | 237 | -581 242 | =38 ~12}-19 |Site
ab | 264 | -62] 215 |12 | 155 [+18 ?g*
L5 bb | 27 | -71 1 321 | =80 225 52
ba 103 | -69] 198 | -3¢ 235 4o
%6 ae 1152 |+55 | 160 |+57 170 j+60 |site
ae | 150 | +49 | 156 |+54% [160 [+50 ?g*
47 na 37 [ =621 =53 1 =59 | 45 |66 Site
ac  |355 | =59 -19 |60 | 6 |-32 | 35
48 ab (324 [ -66 ] =28 | =81 | 93 |-83
af {303 | =561 =23 =62 130k =50
51 be | 206 | =681 34 |-88 1297 -63
b | 972 =21 =74 | 1 .72
49 ab 9 1-731335 |-70 1187 |-79 Site
ad  |183 [-67 | 337 |-72 [158 |77 b
50 ae 205 | =83 ] =35 |~75 1302 =70
b 196 | =801 48 |76 {298 =79
52 ae 328 |-53 1325 |-62 {325 |-63 305 161 18ite
ad  |327 |56 | 335 |-69 |323 |-65 Ex-1 N
53 aa  |328 {-70 {316 |-78 | 21 |89 122 180
 ad Ak 185 1192 |«80 | 14 86 3%@%72
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The caleulation of the mean direction of msgnetization

follows., Mean site directions are given in the following

tablé:

SITE D{MH.) I
k| 26 =61
2 266 ‘ +71
3 9 =72
L 4 =57
5 6 52
6
7 10 A7
8 66 46
9 50 +79

10 311 +63

11 =15 «72

12 20 =77

13 216 =79

£ _ghg =75

15 220 =82

16 71 62

17 246 =75

18 338 +56

19 =30 -]

20 =32 -7

21 =] 75

The meen direction of magnetization is:
D (2.8.) = 6°

I = -&WQ
o = ?@

[
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SITE NO. Cos I CosD | Cos I SinD | SinI
1 14305 630 2.624
2 .058 | 854 2.499
3 1.71% , 277 5.358
4 1.571 .17 3.665
5 2.748 «295 5.140
6
7 2,609 L5 2,821
8 =1,649 =3.753 %.316
9 - 409 1 =79 3.21h

10 -1.780 2,031 5.319
11 1.722 150 5,655
12 1.205 RIETS 5.552
13 - 771 1 =551 4,787
1h =163 -902 3.649
15 «.655 . - o 540 551k
16 »861 2,485 5.008
17 -.396 -.887 3.610
18 -1.048 425 1.648
19 1.639 =910 5 o554
20 968 -5k 3.827
21 .689 - 601 3.780

9.918 -1.927 83.539
RZ = 98.37 + 3.71 + 6978.76

= 7080,8%

R = &&.15




253

Wi Wi - Ri

Co =3 O W e

ey
36

« 37
01

Q‘%i?

06
«05
«73
3{}‘3
07
31
»11
22
o2
o34
»26
01
«13
01
.11

N

S
LA

%,78




254
Site Wi 12
1 3 o
2 3 9
> 6 36
y . 1%
4
7 b 16
8 6 36
9 L 1%
10 é 3%
11 6 35
12 6 36
I 6 36
14 L 1%
o 6 36
16 6 36
7 b 15
18 ) %
I 6 36
0 4 16
&1 % 16
nWl o= 96 swil = Lol
- 5 Wil
M%'?” = B o 1 {R - % )
"% 1Is the weighted mean of the Wt
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Completing the analysis of dispersion table we haves

Degrees of Sum of Hean Tzpectations

» - ' of Mean
2%, s oy - S % B o
frecdon sguares s{uares | Souares

Source

Between 2{(8~-1) | 2Rl -R
x‘gg

8

Within | 2(3 (Wi - 1)) 5 (Wi - B1) 4,78 ‘
Sites 2.76 4,78 152 YT
, - 3%2 ' ; » |

Total | 2 (36 = 1) LS R P
: = 2,95 96 o (B-1) o

= 150 @%‘@15

1?.}5

)

F =58

o = L031%

i = 0630
i

0630

862 =4 E%B@ + lh?% g
0630 + &ﬁé.,

4,786 ‘
~ .30%

£
§

#




=

(15.89.96)™ + (15.49.20)"F

1
0653 + 0032k




In this Anpendix are given the resultis of the
thermal demaspnetization experiments carrised out on the

0lder Voleznie Basalts.

The vertical seale on all figures represaents the relative

intensity of magnetization, or the deflection produced by

the magnetometer, at the narticulsr temperature involved.

Fach unit on the scale represents a2 moment of magnetization

£ horizontal component of magnetization egual to 3.6
z 143"# Cefnbe




258

Cold temperature junciion
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Powdered Hicksl

Cold temperature junction

= 15%

E M F. Temperature

fo T e

({millivolts) - P

o7 120 39.5
1.15 180 37
150 210 .5
1.90 255 30
2.20 285 25,5
2450 315 20,1
2.80 345 12,0
2490 355 6.0
2.95
3.00 365 0
3.05
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Cold tempesrature junction
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Cold temperature junction
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