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CRAPIETHA. L

QITRADICTION

Palasgmagnatiss ¢ ~ 4 large nuzbey of roclk's exhibit naturally
occurring nagnotization which 15 called natural recanent magnet-
ism (HeRelie) s Palascmagnetiom is o loose teym applied to this
type of propertys NP« 18 acquired Ly rocks at the tive of
theiyr forrmation and ezn therefore serve as o fospil ecompass use~
ful in detemining the directicns of enbient geonmpgnetio field,
Ocongionaly the intansity of the N.RMs can glsc lead to useful
invegtigation but most of the vork in rock magnetisn 13 confined
to ths study of dirsctions of magnetization.

Oxiein of foneil) rarmatiom s =« As most of the rocl: formingminer~
als are nonnagnetie tiwy 4o not pontribute to the R, vhich owls
zainly to the presence of sulfidos and oxide minerais of Tron gnd
Titaniume The Intensity of the HaRsMe is much less than what would
be expected 1f gll tho ﬁameﬁieally active phase wers aligned in
the direction of amdient field, but it has Yeen found thet only

& small porxtion of thess have prefeved orismtations By the study
and 1dentification of magnetically active phase of the rock cons—
tituents the prefered orientation rmay be determineds

The mechanism whore by Wall.M, originates depends upon the
node of formation and the subsequent Ceologieal history of the
rockise Thus it may be acquired by roeks on cooling from a terper-
ature higher thaon thoir curic polint vhen It is called the Thermow
remanent magnetisrm { TP .M.), or by chemical changes during the
formation of iron nminerals at low tempersturs, shen it is called
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the chemical remanent magnetiem (CuRdMe)« Furthey moye mognetiw
gation may be acquired by alignment of detrital magnetic part—
101les wvhen it i3 called detyita)l remanent magnetism (Delide)e.

ioplications ¢ = Palaocmpgnetism has mede substantial contrie
bution to the problems of stratigraphic correlation and tectonics.
It 48 also intimately connected with paluﬁmanm?; Thus from
the knovledgs of NeRsMse 4t 15 ‘pos-ai‘blo to study the paleolatitude
spectyur of o particular type of deposit, the slimatic conditions
of the past Geclopic ages and position of land masses rslative

to the pole‘s and to sath otheor in different Ceologicul Limes.
The latter studies provide o teést for the hypothesis of Polar
wandering and gontinental Drift by a method vhich is independent
of the Qsvlopical methols.

Palsoracnetis survav's 8 = Roek units cab bo corpared to an
observatory in which the Tetord of the Ceomappnetic ectigity s
preserveds The first step toward a Palascmagnetic survey 1s to
select a rock unit of imown Geological age and to collect oriented
sarpleos from ft. Such a unit may be compriansd of a series of sedw
Amentary beds, lava flow or intruesive bodles. Saxpling sites are
usuplly solected to cover s small areas

The second step in palasomagnetic investigation is to
measure the MR« Of rocks in terns of theldr direction and inter—
sity of vagnetizetions The HeHe congiat of a prinsry covponont
geguired at the time of the formagtion of rooks and a sscondary
cormponent which is introduced by the subzequent variations in



gt 3 g

the direction and intenpity of feonagnetic fields The second-
ary component of NeRells 13 lesos steble and ray be reroved fyrom

-E
a2 ssgople in thae hxba by almning of amu clthey mmmat:icany
or tharzpllys

- The lust steép is o ecobine the ohservations on camples
of an area and obtalning an a¢stimate of the mean Girection of

magnetications

i 8~ In any of the palaeomasmﬂe

stuay the directionsol ITsN oM« fall into two dlptinet grcups
oprosed in divrection to cho gnothers In thoess cases vhere care
has boen talren to corvect for unhstabdle corponent the noan diroe—
tions of groups are formd to be 180° gpart. Thie phencmenon is
refered as reverss) of mognetizsation boing defined as the setual
chango of polarity from cne o another.

m § = The uarlier studies have been of very confined notures
The studlies eanrried upto 1040 weres very gosmty, the deta avellable
ware not adeguate for developing sny theory for the Ceonapnetie
fields A realisstion of this defect lead to a rapid advance in
palaeocnagnetic studies, resulting in the development of necessary
instrument and of the statistical methods for data reduction.

The mechanism by which yock can aequire s temar;bm marnetization
vore also studied in detoil. Finaly the technique of caleulating
poleopole provided an anclytical tool of mméx;}m pover, not only
for intipgrating the dato but alsee to provide é.‘ Moumenienl osti-
mate of the problem relited to historieal Geslog




Inttinl afow growth these studies are now axpsnding yapidly
into many ficlds of Geolagy and Geophysios.

'1310’ ﬁl%imtu air of palacomagnetic work 4a to dulld

ture of variaticn of sarth’'s £iel)d Iin the Ceclogical

past > | &n indless undertabing as yet baraly begune The palaeo-
m/ﬁn’ﬁtﬁ:@- methode can also offer valuable help in s better underw
%@Mﬁg und proper slucidation of the vrub;ma of structural
’é{mstﬁ@wthﬁwt Palasogaogranhy s origin of certain special
Kw?_;ci” deposits, detection of sertain changes in earth's radius
an ff'ﬁm):}?ipma reloted to Ingineering Ceology whore the sito inveo~
‘/:,/Lgntiejnf&nﬁ dotorminstion of depth of bed rock are concernsd.

f
4
{ .

7 A /From the foregeing it is eloar that all palseomagnetic
: ;‘m;éi are baneldl up:m the assurptlion that NeE+e 15 atquired in
;'r"%‘.\n way s ond the gunclusion drewn from thess investigation
/ar/a thorefore valid to the extent thaot thess assumption based on

/

/b}d/f‘r presont knovlédge of £0lid stute physics are corrsct. In
/ﬁm words of Profe Poppsy

N e Y ot Seasoves it ,

und eoven thotugh wve have

no reascns for accepting 1t,

or for Delisving it ia m;
and an othey theory mey b8 falsze
Athough w have ccoperetively
good repsons for accepting it v

K «R +PODPDAY



Various types of instruments have been used for mem
suring weak magnetic flelds assoclated with natural remsnent
magnetization of igneons and sedimemtory rocks. Of these only
two have dbeon developed to a hipgh dogroe of sonsitivity mecow
ssary for tho study of wvary wenlk H.R«Me These sre the apinning
nagnotonetor also reforred to as rock generators and the sstaw
tic magnotometer.

in 1952 Blatkett mafs o Getalled study of the atwdy
of the design of the Astatie mapnetoncter and constructed an
adniradble instrument for tho stuldy of N.R.M. of scdimentary
rocks, Before this a group of workor in Americe notably Johnaon
& Jommson, Muxrphy snd Mleholson mnd in Japen Vogath, Thkasiy
Rikitalte nnd others had donstructed instrumentsa of the rook
generator typo. The ultinate genstivity of rock generators s
limitod by the thermal noise of the pick up coils and the
emplificr,

In these instruments a rock sample 45 rotated about
the axis of & piok up voil systems The sample which behaves
iike o dipoley thus dndutes an cwm.fs Iin the wcoils. The phase
of this e.m,fs 18 compared with respoct to a roference e.m.fs
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obtaineds The latter iz odtoined from a reference coll which
derives the sample. The direction of magnet can be adjusted

so that it eoincldes with that of the mapgnetization of the
gemple in the plane perpendionlar to the shaft, A potentios
metric methods is uwsed to balonoe Thess two sltomating o.M L6
for determination of thse Intensity of magnotizmtion.

Alternatively the phase difference between the
o1, 84 produced by the rofaroence ¢oll and the measuring
colle may be messured vhich will give the direction of tho
megnetic compoment perpondicnier %@- the axis of rotation of
tho sample with roaspoct to that of the magnet. The rotation
sbout thig outually perpendievlar direetions of the rock sampe
1o enables the dotarmination of the directions of the total
vactor. The intensity of mapnetiszgtion cem be obdtained by the
amplitude. of tho signel. |

The colls gemerslly used are either in solencidsl
form with sumples votating indide them or of the shape of a
Tiat aise with samples rotating about their axis,.

The flux 'F*' through g ciroulsr coll of radius
r due to s magnotic dipole P situated on and direoted along
the axis of the coily at o distance » from it 1s glven hy {2ei11),

P - 27p X’a ) ' o 1
WL e =

22
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consider a toil of & rectagulsr crossegsction with dimension
as showm in figure (Se1),

I2 the wire has a crossessctional area Ta' and the |
packing foctor is Eytheir the nimber of turns linking an elee
nentisry aren d4r 4p is gioen Wy

a8 = % ar das {3)

The mognetic flux WP aue to this slement of coil is
given by

2
ar, &
R ¥ o (4 - 1)

The total fiux for e eu:.:. is
¢ = zo7P §
/:n e, W—-—-—} Gr 4= (A=2XX)

If the specimen is yotated with a frescuency of ¢
revolutions por second the rem.s. voltage induced in tho
coil 45 given Wy (2«14,

Yy
Com T PE L 2200 . [rgtﬁaa- (2 %7
I L”l“("r" G J

- szag @a*{!’.“'(a i

{”ﬁ’%ﬁl + 11) J
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The resistance Rp of the coll expressed in the same terms is
Re = (2P Fe?) s g wly) w~2D) ()

The root mean square of the noise voltege in ariging dus
to this resistmce is glven by

»10 N X
;m oz L2710 x Re AP {4 - VI)
Where A2 13 the affestive band width of the circult.
The sipnal to noise ratic Wy the combinntion of

equations {5 » IV) and (A « VII) for the ingtrunent s
given by

ﬁl - al g s (12 E}_’ ! E’Q"“ 3‘1)

[12 10glz » & » 2557y
(rartrls 3D )

122 J] (A=VIII)

For hollow cylindrical ooils with spocimen rotating
ot 4to oemtyre Ip 2 ™ Gy f then the signal to noise ratio
is given by

fmere A 38 conatant,

88 o, A P '

Yhore
| 1
Flryrg 1) = X . log [r +(p
2 = ¥a) 3‘ 4"(1‘2 }ﬁj
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ASTATIC MAGNETOMETIR

Soth ordinary and sstetie mmmﬂatm have
basn widely nsed for mesming the magnetizstion of ferroe
magnetie substunces. Sinos intensity of mopnotivation as
wall ns susceptibilities are susally very smadl for most
rooktsy sm astatic magnetomator offors & relatively more
asecnrate neans of measuring thems

The equation of equilibrium of an sstatic mage
netiomoter In which two magnets of identical magnetic mome
entsy Hy and M wre held one ahove the othior, in mtiparse
11ie}l srrangement, is given U-u) (f5 212a)

(4y « Mp) H 82n0 = T8 | ()

vhers 5 135 the angle botween the axis of the magnet
and the horigontal direstion of tho geonagnetice Fleld,
H 13 the horigontal component of tho earth's field
T is the torsion constant of the suspension Lfites.

If we sssumo that the additional force A
affects only the lower napnet i set in s divection pore
pendiculur to the geomagnetiec field the gquation (X)
is modified as follows

(Mg - M)t sSnp+» HyACos 8 T8 ax)
Differentinting oquation (IXl); we get
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(Myelip) H Cos B AD +» M3Con BAR« My hStn b A8 « T A8

ory 38 o Mool
. ON (Hyudip) H Cos & + Hghsin g +T (111)

when My = Hpos the sensitivity ( 'éf;&‘)n becones sgual
0 wil., wilch indicates that 1t is independent of the
lwctuations in H,

Ceonerally the msin problem in measiwrosnsnt is not
one of osbltaining a high sensitivity dut is me of rofucing
ths noise s to the fluctuations in the external fialds,
Suppone H* be s erratic fiold and lat £t 1ie in g horie
rontal plane perpondiculor to tha carth's £ieald Hy then
the effect of 1' on the sensitivity can be obtained from
equation (1IX), wo have therefore,

48 .
e yr - = S v
My » M) B & T
showing thet 1f the arratic f1i6ld 1 Wifornm the sensitie
vity reasing unchangeds

Nagata has explained that these offects can be
romoved Lf we arreonge thrao magnota as shown in figwe 2.2 5
so that My » 2 M and Hy w Ha w M. The magnets Mg and My
ard placold in the cantre with 1ts polarily orponed to
those of M, and Mg,

dnothey sondition to be fulfilled Lor the proper
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- working of the astatic mugnetemoter Lz that the force
to Do measuvrod ghovld affaet only the lower magnot,
This requirement necessarily linits the mmber of mage
nets in the astatic magnetometers.

Irsctisel Troblens in the sstatioc magnetomsber,

It i3 possidle to sdiust My snd Mo so that (Mi-Mo)H
= 0 within on accuracy of 098, However, in order to echeive
further nccurscey sn additional magnetic force ' on My
i provided either by moans of ewrrent esrrying colil oy
by s snall Trimoer magnets The eondition will thewn be,

HyB » Mo {Hth*) =0 For current carrying eoil
Hlxi - ma& aam » O Mor Trimser 'nmnts

It 1= prasumsd that My Moy a condition shich can
alvays be endured. |

An slternative teciniqus is %o tilt the lower mage
net by s small angle § from the originsl plasne such that

Spacimen Fosition

he apecizen to De measured ean be put in three

Siffarent positions relative to the magnetic mtmf&
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These o as follows & L1,

{n) Beneath the lower magnot of the astetio pasr {this
gonfipuration was wsed by Blackett snd Collinson
et al)s

{B) On one side of the lower mognot plong $ts axis
md in the sane horismial ploane.

{¢) On ono side of the megnetiec system snd nidway bote
wean the astatic palr.

The sensitivity of the oystenx is AlfVcrent for ssch
of these conditions, However, it ic important to kméw which
of these positions vill yedld the best resuits for s given
system. The most practioal moasure of the senmsitivity 19
given by the intensity of magnetigation reguired to give
a minfenn roadadle deflection,

A1 the throe positions nentioned adove have some
merits and demorits, Thus position A and B provide consie
derably higher sensitivity an compared to that providoed by
position C , A giwen system shows the ratic lx / Px twice
as mush for position B as for position Ay DUt owing to the
exso in handling the speecimon 4f At As kept in ponition A
this position has been sclected for uso,

s acs.mn Pgn}tﬁm A

Lot the spocinen be placed as shown in Piguwre 25 A



It i3 aitustod on the vertical axis of the nagnetonotor
et o depth = bolow the lower mognots Let tho apscimen
be repregented by o onall 4ipole P, the horisontal coms
ponont of Lits dipolo-tioment being Pxe vhich makes an
angile O with the diroetion of lover magnot. Lot Hx be
the offect on tho lower mapgnot of the systen,

‘ , v 1 -
g:g 1‘ Px ain( =3 )

S8imilavly tho effect on tho upper nagnat, which
16 scparstod by o hetght { , will de,

. , &
Hx wper = P::aing‘a*e)a (v1)

conbining equation (V) sna {VI)

Sxwper [, 22 -
Hx lover w0 o

. The relstion (VI) gives the ratio of the affects on the

lowar snd thoe upper magnots, For higher sensitivities the
sffact on the yper nagnet should bde a minimomy, In order
to ensure thisg z 13 to ba reduced Lo have lesser sffect
on the upper magnet, Wilch howvever, is linited by the asise
of the seaplas The biggar the specimen the further it is
to be kopt whore as fer smaller spocimen 2 can be nueh
aMallory,
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The size of thoe rock amapls can not be reduced
in~dafinitely becouse of the inhomogenity of 4dstribution
of the mapnotic materials in 1€, A convenien® size uwsusily
chosan for cubds or n eylindarical spetinen 4is about 3 om,.
This consideration thorefore limits the value of 2 which
has to be o nintoon of B on,

When 2 7T¢ 3 and tha offect on the upper magnet is
desired to be of the order of 1.§0 as Gempared to that
on the lover magnoty the effective separation of magnets
i the system should be

L - 2
(zr 0° 1008

g{»fa 4285 =
Qﬁ B:68 »
- 11 om for # to be 3 om
o 7 on for z to be B oam
= 4 om for Preve~t piroumstances

Faotors gontrolling the fieﬁ:&@u of 3?.1' magnatle system

Consider the offect of a small dipole on tho

upper and lowsr magnets of the estatic system s the nag-

nstic dipole 1o placed at s depth 2 delov the Idwer magnet
on tho axis of the magnetic systom, Tho ratio of H and HS
ir given by 24 |
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B (Le )9
whare H is the «ffect on tho lowver piagmet

HY 4As the effoct on tho uppoer nagnot.
R

the smeitivity & any be wrditten as

S = '--g—- = %%gl for unit deflection
wheore
T 48 the time pwaéﬁ of the systo,
P miagnstic moment of one of the mngnet
1 the noment of inexrtia of the systom, mnd
G 43 the torsion constent of the suspension Lidro,

Dostgn for the mextmun swnsitivity

The sansitivity deponds upon the tims period end
the factor 1/P, However the time pericd Sa choscn sc that
it 15 of tho order of the tine required for one nessursment
1.0, adout 1S soconds., The mocient of inertia I can de
written as

Tont, Iy is tho moment of inertia of one of the
magnet
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! - She 2)3
Bt s .
whers Hisﬁiwatfmtmmmwmw
H? s thoe effoet on tho uppor naghot.
wen 8
T >>S5 1

the sansitivity S8 aay be written as

2
S - W@ - _T _ - A
a """‘E"M - for it defleovtion

vhere |
T 48 the time pwiéd of the systan,
P magnetic moment of one of the magrnet
I the moment of inertia of the systom, md
G~ 43 the torsion constent of the susponsion fibre.

Design for the msximum sensitivity

The sansitivity deponds upon the time period and
the factor 1/P, However the tims pericd &8 choscn so that
it 19 of the order of the timo required for one measuwremont
Lv® adout 1S soconds. The moment of inertis I can be
written as

xo\x@ Iy 318 the moment of inertia of one of the
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90(62‘

To o(gs aa~d
oo o

This Indiontes that the smditivity ¢rn bs inerew
asod by decronsing the length of the magnot, Houwover, thore
1s & limit to the size of the magnets, tholr supports and
the Gaflecting mirvor. A thinner and lighter systam wlill
have ths tendency to warpy heither is 4t stvisshle to use
a nirror of size less Lhan 4 on. dlametors

I3 tnd P both depend upon the size of tho nagnet,
Let (be the lenpth and O be one of thoe siden of 4ts square
eross-sottions For ordinmry wmegnets the longth is graster
than the breadth, A finonoss ratio [ defined dw Z/a
is theraoforo generelly groater thon ones The monent of
inertisa cbout sn axis perpendiculor to the wds of mage
net and passing through the centyo of pravity 55 glven by

L -
I = Ml x 2.2,

2,
or - B3 (3 L)
where f(p)= p%2 ¢y /3’32

24 . -~V
Greph ishows the behaviour of /fiA)end [f(A)] “vawn
/3 the ‘Tinemcss retio', This shows a change in gradients
ot = 1 for beth f5) =nd [f (4] indteating that the
finonous yraotio should be thosm to bo grecter than one u.
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indicating the shapo of the mognots The intmmoity of
magaetisation gliso waries with tho share and the type of
mummn naterial,. The intensity of magnetisatlion 43 plow
ttod against [J4n grapn2 S for four Aifforent mstoriale
of 1dentical ‘fineness radio'. The ticonsl and aloonax
shaw o grafiusl increase in the intensity of namotizstion
with inerease in the 'finmness ratio’

Wo muy Purther write,

P a m J4(3) mis the maxs of the xagnet
and Jf5) 48 intennity of mopnotisation,

Ia/ P - P 2{‘362 (3(/5)

415

[*3. [j 5(ﬁ)J
Fastor @5(4s purly s function of shape snd intensity

of nagnetizations For wmn 1deal shape this function should be

a minimom, This factor is plotted sgainnt A in graph 24,

the slcomex snd diconal show mindmun values of Q S4for

_ the ‘Minmness ratio’ of .25 end 245 respeotivaly.

where Qsp) =

S/a

Effects of the thermal noise

Elaskett has pointed out that temperaturs variations
ey cawse the magnetie systom € bhe deflected, 1f tho ointinm
datectable ficld 13 lessar than the field prodnced by the
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tamperature varintions,

He showld. that Ths fi»14 producsd Yy thesnsl nolse

ia n fonotion of G a(lhers ia Safined as

ssp) o (HEJ¥VE
[T as) ¥

this faetor deopsnds upon the ‘fineness ratlio' and the intene
sity of magnetization as showm In graph 2.7 » The valuo of
fineness ratio is shosen so that ¢ 4/0)4s a winta=os in

order to avoid the fluetuationsy cansed YLy Lthermal nolise,

The greph show minimun vnlues of /3 for alcomsx as being
ogual to 4 mnd for Ticonal, 2,2,

For soleseting ths shape of the magnet in s magneties
syntang the Pinmess ratic! $c choosen goeecrding e the
above consiGerations.
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DIIENIFIZ0N OF TRE INSTIIE

Fpree 3-0 anovn o goncerol viow of theo Snotruront
vhdch ven conolructed dn Cho lahooatory. Tha oative oyoton
e o Advided dnto tvo ndn provno.

1) leoouriag dnstruneat
{2) AMiditionnd cecoscory for frprovieg o Sensitivity.

Hongurdng dagiocnent

T nognotrastor 6eso 29 nofo of Brasoe The topey
eylinleiond put of tho rogaelonctee erpo howod tho ovge
pcasicn otwip. o Lo Joincd €0 o thic: clirovdor €lne
vadah rooto ga Gawron polint ovonportn. Tho Isucs paet of tho
coao 4o nefo of poropee: g 40 obtosbkod o Gl VOpcy poedt
t7 nocas of codlato end oeroun. 206 eoatoins o G0l wiedsyy
Choowah thdeh o Do of MMt allor »oficetlon Gen Gho
niroor of tho opaotic systen nny o obocovefle f4 3can 2o
wcf S foous ho 33cht opat on o Vacr» senlo piaccd ob
ono coter dlstmco fren tho contro of tho megactic oyotc,
4 coppor pleto 1o cullally ploccd ob tho bottsn of tho come
o provido e0litlienld Grapinge Tho catiro oyoten 40 popiticact
6ot o ombre of o L0324 frca ORCEO 62 O ONg oEYAro Lood ‘
oindu obesd of o hadght of 4 Loole In opler OO Pove
Cho oS002Cs of ontroncovs vabration onfd cnoto otabdlicyy
Cho 0%sol 4o londed by loofi bodetn S0 (80 erupiing otrenathe
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The nagnetiec aysten consists of two Angnets Dom.
% lrm 2 lmme These ere swportod, at o dlgtance of 4 en,
from ench othor by & thin sluvminiun strip,

A mirroy 45 attathed to the cantyre of this strip
wvhich permito %o dotormine the doflsction of the sygsten
by msang of & lamp and soale mmmw At the top of
this atrip n hook in provided to ongege the susponsion
Tithrey through o copper loops Additlional trimuing magnets
are somotine fixed on this otrip to attalin nigh sstatizge
tion. The entire system 45 suspended Yy & phosphor-tronse
fidtre sttached to a riglid cupport at the tops 42 the mngnow
tometer ense., The longth of tho Libre usol wns m”us O,

In ordar to nalte the measuresents it vas required
to radse and lowey the spcoimen 1mderzesth the magnetic
systen with on scouracy of adbont 0,5 om, In addition to this
the spocimens hes 5190 0 bo noteted in o horisontal plane,
To nccomplich this o rotating horipantyd twm fable has been
designed (soce photograph > )y Ths turn tadlo sould Bo roised
and lovered dy 2oving & aylindrical rod to which 1t 1s sttashed
by mwans of & oup mnd cone errangements The turn table-which
28 an sluninium dise of 10® dlsmeSar, oan bu raised to a
noacinue of four feot from the base loval, The turn toble oemn
ba rotated by an Obaorvor, &t o distince of onc M from the
system, by meons of & string wvound arcound pulleys and &
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groove 4t the base of the bable,

Tha 4distance OF the genle fyom the marnstic syates
can be ndjusted to glva Mpher sensitivity becanse the
sasle deflention is proporiional to the dlotance of the
senio from the nagnetometer. Lot 5 be tho smell mmpdar
- doflcotion and ) Bu the Qistancs of goate fwom the magne
stio syatem then the scalo deflcetion 15 glven by P4
For tho present sst the walus of ) 18 one motro.

The sensitivity of the oysten can bo greatly lmprow
ved Ipr olluninating the earthts fiold arownd the magnetow
metere. This is sccomplished by 3 palrs of Helmholte solls
earrying sultably adjusted curronts, The f£ield produced Wy
& polr of thelmholtz colls carrying & curron® £ $o given
by {4 %)

wheres ' > |
Fia the £2014 pvoliueed in oargteds, .
n the number of Swns ssoh coil )
1 the current An smpores, sof

s the redinus 0f tho coll in centinctors
the dotnils of the present set up of the Helmboldis codly
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The esrths field can be consldered $o be made up
of 3 componcnta, one verticaol and two norizcnfal 3An the U8
end T dlveetions. The horigontal palr of ¢sily produse a
£1618 in the vertical directicn the currantz in vhlch can
be adiveted to wmul the vertical component of the eorths
Tield, The two vertical palrs on the other hewd, produne
£1ie0l8g in the horigzontal dirgcetion amd the suwrrents in
them ave sdjusted to ennul the horisental compenent of the
earthtls field,s The two vertical pair sroe wvaef for the obvie
ous adventage of produsing a resultant horizontal field in
any Geosired Sivection 8o as to annual thso esrth's horisontal
f1eld completoly. The same purpsss could however be achicved
by a single palr provided that Ste nxis was oriented to lie
in the nagnotlie meridian,

The vertical component of the curth's fleld at
Roorites is sapproximately ‘34 oerstedsy oxd the horirontsl
components in the NS and BW direations mre gpproximately 1.9
oerateds and - 0> cerstods respectivelye. The required values
of current in the 38 colils would therefore be of the orders
of 6§ anparesy | 9, anperes snd /[ & smpavess

The details of the prescat set up o5 the Helmholts
coll and the field prodused by them given in e table below

Orientetion Digmeter Hou. of twns of fiela/

27 8WG superenmolled par
‘ oopper wirse smpere
- ¥ 3 e oo v - .
—x B S 4 {



Cotl 1 Hordzontnl 115, em 100 1.5 et oled
Coil 2 Vertical NS 0% enm n 1-997 ¢
Call 8 Veriteal LW 106.7 om, " |-65 7 o
Salibration

ihe instrunent can Bn calibkrated %y the avplication
of an ertificially produced field by meens of & single loop
of wvire earrying s lmoun current. Alternstively s megnzt of
known strength placed at a fixed distance from the magnetie
gysteny oo be nsed o eallibrate 1L,



The drestionSof N+045% sre gensrally studied with a
viow S0 obtaining informption pegarding the anbient field. The
directions observed in rock bodles do not voincide exagctlye. Sone
times thoze are closely gmﬁped s Sometimes highly ‘ﬁi sperseds
Becguse of this variability it is necessary to condense this

Infoymation in torms of ostatimtiosl payemeters of ecomparative
vzlves A ostingte of Che mesn direction of magnetisstion of
rock unite provides a measure of dlspersion of individusl regu-
lts ahout the negn direction and ss well gs of the atcenraey with
vhich tho mesn is sstimalted. Fstimates of the vean direction are
the basie informetion needed for the study of variations of the
esxrth's fields

e 1~ In gny partisulsr study large number of
oxtented ssuples aYe collected from a formation which 1g recoms
nisnd on goologfeal grounds as o oinglo unit sueh am a st of
sedinentary bedsy lova flvws or Intrusives. Oriented sanples ars
eollectod fxor 511 avella®ls erposurss whioch are tewmed as Yoo~
1ities or sampling siSess Cenerally morc than one sample iz obt—
ainsd frox eneh pite 4o Oxéoy to study variations within the site.
Sovernl spsecimen are cf-ten preoperad from esch oriented ssrple

ir ordesr to gtudy the variabions within o sample.

The sampling sobares are of heirarchicsl type comprised
of tw or more levolss In one of the simplest schemes cne oriented
samble 15 obtained from exch locglity and one specimen is obtained
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out of each sguples mnhﬂ levels may cecur vhen severgl
menbers are recognisoble within g rock unit . The specizen are
obtained from ssversl sites in each membors

‘ WEr b ot 0o ] $ = Every divrection 1is repre-
santﬂd by a veetor of urit length dravn in polar coordinstes.
The results may refer to o horizontal or tilted bed, but 1t 1s
necescayry for purpose of pnalysis to refer ther to a horizontal
at the tire of formgticn by coplying corrections using trigno-
matrical or graphicnl methods. The strikes and dips of the fore

mation are entinmated at the site.

The directions are plotted on an equnl ares net. In most
cases g polay pyojection 1e nsed. The prinitive of the net 1a
chosen o be a horizontal plone either the existing or the est—
inated horizontal plane at the time of formations The Aiysctions
aye piaktéa in such a way that lines through the respsctive plots
and the pole of the net , moke angles equal to the Declination
of the sarple reépresenteds The digtance of peint fyom primitive
is pm;mnimal to the inclination or radisl scaies Hypotheticsl
ﬂ.aurt/\ahows a sst of point directions (Mmin).

Sonrne of Uisparsion s =  The dispersion may arise due to
{1) Errors inherent in the palacomagnetic methoda.
{(2) Mue to varigtions of *ha gmblent fields.

In order te ensure a correct analysis it is necessary to
over come the peleoomagnetie orrors. Ssveral srrors of this type
ave lizsted balow ¢

1) orrors nmay arise due to errors in orlentation oy those
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ineurred of the tico of measuroment . Genorally tho
curniative oxrors of thlo type aro botweon 2° ond 8'a

(2 erXors noy alzo orics duo te fallure of rocks to Camme~
tize theroelve «rlaetly 4o Sthe divection the ambient fiold.
Pepcible cause for thic typo of orror aro vorpoohion in
aolineats ond anicotrophy in $oncous pocko.

{3) The divection of privery togrotisgtion may bo subscquontly
wredifiod by strong socondasry vonponentos

(a) M incorpoet optinnte of tho ifnitigl hordisondnl pleno of
the vock forvebicn nay losd to dispersions

{5} the allgnoent oy bo 1irits8 by p fondemonial noigy lovol
differont Tfop difforont ook typeas

(s 1 thd i spon of tho solliection of snonplo at tho ¢ollw
sabing site So gront, compored to tho rato of Geologleal
o¥ Cesmupnetie proetsoy the digporsion may arico.

{7) Tae variations of tho field durping tho tiro speny dBotvoon
the magnotication of dirfovrent levels of tho sexo fopnmp
2isn g vay oontribute o corponent of seattor.

1f the owmponezt of sestter srleing Prog Chioe eotixgos
are opek doatsd by prrelsion pavanetey Ky, Kop To ...s..;“?fn.
Tho overaldl preeisicn Y 08 the direction: $n o yoclt erust o
sivon by
. p | _
™ o e P *=
%0 ﬁz -ﬁn L2 ¥ + % -

In ordey 8o romove the palosotapmotie orrern vorious
ctatistionl mothods aro uped, vhich aro given bolow o
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Zisher's distribution ¢ - Fisher (1063) gave a method for
dealing with tho observation of position lying on a spheres
Guppose that ! directions are known. The 4irection cosine
(33 my 5 M) of the ith directSon (D1, J1), regarded as unit
veactors are »

11 = CosYi Con ™, m = Cos T ein M.

ny = sin Y,

Fishor supgested that individual point direction on the
gphore will de Ajgtributed with probability demsity

A ﬂd_& n-%"ain nk w F Goall Siu&d_i a b,

where ( T, £ ) are the polar coordingtes of element of
are 4 4 5 0 being angular departive from the mean direction
and the azimuthel angle.s

The density $s axislly symmetrical about the true mean
dircctionZ being Aistyrituted uniformly through out 360%e The
probability of finding s point in the belt between £ and & +d&,

P o " «X Con
&~ A& 281!2 hke * goﬁiﬂ@-ﬂ&b

The pargmeter X pepresents the precision of the point. Froz the
study of the above equation. If K = 0, the points are miformly
dintyidbuted and tho direaction arve ypendom. For very large values
of ¥ they are confined to a very srall portion of the aphore

in the vicinity of the wan direction. The distribution is
11lustrated in rignmq foy different values of Y.



At the time of their formation, rochs aguire o
primary permanent mognotization in ths dirvection of the pree
valling earths field. Subsoguenlly they may do subjected to
local heating and othaor CGeologiceldl processss whieh cnuse 4t
to scquire & wanlter gnd less stable secondary magnetisation,
It 15 now well roulised by wrkers on phlacomagnetism that
except for a Lfev eases, most rocks ponsens this sccondary
spurious oy wviscous magnotization, Thus investigation of rocks

vhiich possess secondory magneotization may lexd to in consistant
results unless ancowited for, It is thorefors neocassary to

study the stability of thoe nagnetization of rocks eriticallys
Removal of the spuriouns magnetization thus becomes o necessary
step before computing the nesn dlrection of fenanent magnetization.

For a long t:lm no tests were svailadble to assgss the
,iuasnatw grabdlity of the rocks mpart fwenm the indleations of
consistoncy of npagnetization in a rock formation, For the reme .
oval of the wealer scoondary components which introduce’s s gre
ont deal of scattoring in tho dnta, two Sypes of tecihmiques are
availablo, both having thelr morits and denerits. One of these
is the altarnating fis14 densgnetization, and the other i3
-thermal damagnetsization, The process of romoval of sscondary
components 1o referred to &3 ¢lemning of the somple.
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AsCs Field Demagnetigation

he alternoting flold demapnotization Sochnigus
was developed By 8rcor at New Cantle mnd Shohssrabudhe and
Radhatrisingmmrtl with Clageg and Wilson ot Imperisl College
London in 1957, Both these instruments ave sinilor in prine
aiple but 4iffer in design mnd sonstrustion.

The Supowtent part of the Altornating fie14 Qemage
natization apparatus 4is a specially designed perspex speseie
men holder valeh 88 oopable of rotating simvitsnecusly in
two parpendieular planes, pioced at the centre of s Gemsge
netizing solonlds The freguenoy of rotation ares respootively
one and two ¢ysles per secord in the verticsl sad horizontal
planosy this 15 achiovod by a motors The demapgnetising ooild
synten conoiots of two sepsrats polenoids which are hold
econvenient distonee spart £o s Yo allow free vrotation of the
specimen holder. In theso demngnetizing coils the pesk fields
at the contre of system ars of the ordor of 150 osrsteds per
snperas The D.0» resistance of the colls s of the order of
B0 ohns and the cofls take up & maximum current of over fowr
ampores when 230 volt A«C« maing is fod to them, In this set
up pask fiolda are of thoe ordar of 150 sorsted por amperss,
In practiwe, for magnotic eleuning of the rocks, the speci-
nen are demsgnetized first at 75 oorated amd then at 150
aersted pesk flelds, Some soft secondary couponents con be
removed in a2 low an 25 oersted posk £4¢lds (5w1)s The entire
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assendbly of eolls mnd the specimen holder is mouwnted at the
cantre of tho three pairs of Helmholts sonils, whish provides
tho fleld froe spavos

Wilson in 19631 devoloped the teehnique of thormel
demepnastization, The apparatus consisgta of a nonmagnetic
furnece placed underneath an astatic mopnotoncters The
essential part of the furnace is tho honting element. whiich
is made of pure platingm vires wound on quartz tubes and is
held in position by Miecn shootoe. & holo 38 provided at the
oxterior of the furnase to handle the spetdnans The rook
apocimen €o be hented is placod on a porecalain tube which
also cwrrias o thermomeouple to registoy the temporature.
The spocimen can bo rotated round s horirontsl axis wvith
an alvsinius sorew driver vwhich is insoriel through the
nole provided at the exterior of the fumsoe (G » 11),

Gmerally spenlking both the tochnigques srs equally
offostive, However a oritical comperison of these 1o of
interest, VWilgon found that whilst ho conld remove secondary
nagnetization from laterite smaples by tharmel clemming ho
could not do so hy ﬁmtmmsag fleld techniquse He thercfore
soncluded that vhon gecondery components ara partial therno-
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rasanent magnotization, the sscondary magnetisstion can
not be removed without destroying tho primory T.R.H. st

~ least in part. Theroal elemning of the smnple 45 therefore
adventageous in such cases.

Ths techniques for closning, the ssuples havs not
yet. boen developed in the departmont owing to the timo end
resources consuned by the nain sot ups Thuse, however can
also bo rabricated at Roorkees. A gheteh of the AL denage
netivation syster is givem in figure S .

The nmoasurements of direction end intansity of pers
manent magnetisation ars usnally done elther by an astatie
or by & spinner magnotonotsre The only type of instriment
which sppears capable of shallanging the sanstivity and
fooility offered by the nbove two typeon of Anstrument is
the resonmnce magnetoneter which was dosigned 2né consteruge
ted by Xawnl in Tokyo. The improvenent of the astatic magnetow
meter by means of an slectronie foodwbael systam s s Dwther
possidility towards sophastication in the future,

The instriment and menosuwrement as dozerided in
exrlilier chopters aro concerned with the principal outstan-
ding prodlem in the sublect today, namely the origin of
nagnetization of sedimentsy the causas of roversal of nage
notdgation and better nmothods for eliminating the secondw
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ho

ary conponents in ordor t revesl trus natars of the £ossil
nagnetivations For thoeoe purposes warions teshnigques have
becn enployed sush as oremieropoopy, ssparation of forroew
magnetic grains, J-ray sethodsy elesctron nmicraseopyy nsus
tron 4iffrootion ete.

The fundancntal information obtained from the palee
somapnetic moasuremonts is the dlrection and intengity of
magnetisstion, Reduced oboarvations for palmsomagnetic
arvors sre applied for the atudy of problems reloted to
structural geologys stratipgraphy, palasogeography, contine
antal 4rift snd poley wondering snd ordgin of certain spoe
ciad Geposits. The present sttemps are directed toward the
use of palasomagnetic observetion in problems reloting to
saginesring geology end Himalayan peology as seversl invesw
tigations are mgaged in verious aspocts of thesze probdlens
in this department, |
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