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.4 «►i .to e(A.tp t for 5a*&Ziflg the eusoaptibiuty of rook. 

,Ad oz*& has boom assaabLsd and calibrated. s soapdbbt1ittes of 2,6 

Ioe# each is the ,Corr of one inch cLbe, hs been deterein.d. Of 

those# three 5ig.a are of nsgnstite ors seven "les cont t w7. 

J1ng as trots of pyt"r ito, ahalcopYr&tei  pyrite en4 omits, ad. six 

.oars are of rode txo* interasdists to b&ii cwositicn, ?errcnag- 

nstie ainsral content of these seIee his so been dtea aed. A 

aorlation has been sads between the auso tibi1it,te* and the a€ etite 

qont.nt of the rocks. The aaotptsbi «ttie of 	.00pa ' Dp cite 
" Is# war* foiand to Increase with pyrrl tite •content as iz1 t.d, but 

no oorre2tton could be made owl to the presence of a a gnettte In 

these, 	les. 
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The knowladge of magnetism can be said to have oom*,noed with the 
discovery of the north seeking character of lodestone (?O ,j ). 	►wavers, 
Tory little attention was given to those naturaU 1agnetis fi bodies, which 
ware spread over ray parts Of the earth' a surface', wed it a 	that physics 
of eagnetiaa of matter developed almost indep adt t]y of this parent die «. 
aovery 

. The first aiguifioaat study towards the etnet3.aat4oA of mock 
bodies was eade by W &* Qtlbak io 1600 A.D. who 1edined the earth 

as a giant eagnot. The sagnetio vompaeo was first used xouod about 1640 

for pzo.pectp4 of lion ores in men. Angst the later sze.epl.s of 

emetic pie piing nov be cited those conducted in the Michigan iron 
district by T.8. Brooke in 1873 and by H. Sie k in 1875. 

X"ni t 1833 ) of Italy first measured the re nest s gnstiae~tion 

of rocks, and suggested that the permanent as gnatisatjon of volcanic rocks 
i.e. the theca it tt ,ertt 	neti,aation T.R.M.) is ieparted to thou IV the 
inductive action of the earth+a *a petit field at the ti aw of their cooling. 
Wscaaira In 1912 proved through careful experiments, that a strong relanent 

nagnetiar►tiou could be aqu.,r 4 by volcanic make# cooling in the gsoiagnetjo 
field, and that the direction of this magneti tion coincided with the 
direction of the previ&iUnj 8$OM& igti4 field. 

The discovery of the f c►us iron-qualtsito ore deposit of Kursk~ii 

Ian the U.S.S.R. as a result of agnetio prospecting UMUSed a groat interest 
14 the study of the eagnetic properties of rooks. Thus the concept of the 
Sagnst IC susceptibility or permeability of rocks was Brat estabblishod. 
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♦ eystesttio study of the *gnetis* of xaoks Iron the view 

point of basic physics devslopod Sty adil troa about X 92 onwards, especially 

hy the efforts of $onigsberger and Ghm"or iii  In the 19301 s KQ Nish and J 

Jolmjon measured the weak reaanent sagnetisation of s cants,, afld produced 

the first systisatic studios of the depositional ramanent aegnstisation 

(D. a.M.) of 80diaeat s, as well as of peosagiieUc data on a oontiauaus 

series of savles. 
In the last two des rock aegnetisi has been n au1r3eot of 

oxtssnaive Investigation prat onlr in connection with the .pal+osagttetio stud 

and magnetic prospecting, but also as a tool for other geological and 

geoph►sic+a probless. Man7 interesting üvelopaents have already been mad* 

in this field and the scope of its application  can hai 3.y be said to have 

*zhwfsted yet. 

ne lie_ N4LsM i ~ j 	 with No fish's study of the D.A.M. 

in eediaente, it was established that post of the rocks on earth possess 

Soy ascuflt of napatisn, which can be attributed to their t,rroner►etio 

ainere) cont*t. It va. also established that the directions of xesanont 

n tization of rocks rrpr sent the directions of the .54S$ rustic 

field at the time or their for Lion. These observations opened the 

po ssiti ity of rook sagnatien being applied to MOM global problass &uoh as 

the continental drift, the wandering of poleax the r ►andiflg of the earth, 

dabxsation of the continents and orogenio belts, as well U to the $ft1l 

scale problems of iaatdiati interest to geologists. The latter constitutes 

problsas such as, stra►tigraphio oorelation,detorainatiOA of thickness of an 

overburden, delineation of the attitude of layered rocks aagaatio 

differentiation, distinction between sills and:t lava !love, geological 

ther asotry and petrotabric analysis. 
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Q ..}jdt, ;1, 	; iT'?GPRQ"l no.• The discovery of the Kursk 

mapetite dgpooit a*d. it clear that provided there is a significant contrast 

between the magnetic woo atibilxty of a buried ore-body and that of the 

surrounding rooks# it is possible to locate the ore body with the heap of a 

-sinstoaster. 

magnetization of a rock in situ can be expressed as the ens of 

the susceptibility aajnottaodon klib induced by the goosoguatia field No* end 

the naturol robot sagnetisation. Ja, aauirod by the rook during its 

torwtlon. 
or J a k.1 * Jn 	r.r..,.—,....-.-(l.i) 

if 4u in a pIrtiou. ar area can be assumed to be constant, the 

va4ati+on in J Viii be only due to a variation in k. 

Determination of the magnetic susceptibility of r oks is therefore 

of fundamental 1*orta oo In sagnetic pvompeeting. Numerous methods have 

bse devised to dotermiaa suaoeptlbii.ity of rooks,# both in the field and in 

the laboratory. 

The present work includes resits of susceptibility determinations 

of rocks and ore samples in a sagnetic field of the can order as that of the 

earth by aeane of an Lnot ruaent designed and fabeioated in the laboratory. 

The instruaent is similar to that used by Braekahaw with some modifications. 

The sxperia nto intended for this dissertation were of ttaa kinds. 

The fiat includes the detorTinationna of (a) susceptibility of Some rack 

samples which were availably► in the d purtnsnt, and (b) their magnetite oontert 

and the corolntion of those two results. 

The second part of the investigations were intended to determine, 

th~r • ooapl z susceptibility of rooks conta1nhg both conducting and magnetic 

matoria .n. for this purposes rooks frost Madan K dan section of the 	tri 
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Copper 8Q1t ( astbau) were coUueted. bass i cks contain va ri 

amount of Chaioopyrlts and Pyrrhotis. The determination of the complex 

susceptibility of rooks contaiui nn both segnstto and conducting sat.rials 

was planned in the 1 pe that this night help reaolve the ambiguity in 

s.atra 	etio ar*aw1J.es produced i thee. bodies. 

The percenteo of agxwtie or conducting icttari4 was d.t.rairi.d 

br vi*,La . ineotionot poUabed eaaples under the mice scope and br counting 

vith the haip of a SWIFT COUNT&. 
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It has been long observed that certain materials when placed in a 

*sgneti.o field became aagnetised. Such materials are said to be magnetic. 

This condition is also described by searing that a segnetic flux is established 

in the body or, magnetic ldnes force their say Into it. The flux per unit 

agar normall. to the surface, is called flux density or agntio Induction. 

TWO B =  
A 

Where B is the induction, L the total norms flux end At the 

area of arose - section. The e.g. a. unit for Sa&jnetic induction is genes. 

I- The sass with which a aegnstio flux can be establi-• 

abed In a badar, c n p aids a physical asasure for the aegnetian aqutrred. 

One such quantity is the ratio of the total flux through a unit crass section 

of the body to the aegnet3sing field. This is cabled the nagnetio pern+rabi - 

l ty. If H is the ragoti slag field,, the pea ability can be written as 

If 	0 
	

42.2) 

INT SITY D 	.T L ►?Io 	me intensity of magnetization (J) of a 

material. is a assure of its mugnetio strength. It can be expressed as the 

argnatic * asnt per unit volww, or the eq.ui,alsnt entity polrstrsngth 

per unit area. 

J s y * , =  

where 11 is the agnetia sent, V the voluan* A the area of cross 

section and L,, the laugh of the saterial.. The unit of J will be Callod an 

0 
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aerated, 

Si a'TIBIL 	- intensity of agnetiaation aged day a subatanoc when 

placed in a au&netic field 4 ends . upon the strength of the "patio field 

aid on the nature end plWaLcal oondation of the s betance. Ib.n the latter 

as not varying the intensity is fouid to be p &►po ztional to the net, sring 

a14 R 

J., a kit 	 (z.4) 

The cQnatant of parapoxtionaUty k is tereed aagnetl4termed 	se aaeptibi- 

lit,,, 
!LU)4E AND MASS $U$Cj T&I.L t .. The minutia auacsptibUity of a eubstanoo 

can be referred either to unit voter or to unit u. Ao o ing to dates-
tiona given ► above J = /V and the values ouso tibility k = JIFt. 

To eqrss ausoeptibility in rlatian to se of a particular 

bstancs,, another term Le. specific eagnetiaa'tion 411 hava to be 

introduced which La defined as the "patio moment per gran. rhos, the 

çeoific mW1etLaatiOA sa = t'. anti amas as pti # ty k' will be given 

IVr 	kv © 1 	 (2.5) 
U 

Two Q a 8= i= t = No 0  J/ 	...,.(2.4) 
W vP JtLP a 

Hence ki 	= We 

or k1 e k 	 (2.9) 

Thus voiwi. and asu exaoeptiht1ity are related in • parsdosial 

manner, er, i.e. to obtain values ensoeptibility, the ases 6uscoptibility is 

miltipl.ted by the speotlia gravity kV it tUt1iy represented by X 
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p 	 I8 	* . When a Rio material 

of ioluas Y is pierced in a aagnstic field £,, it viii squire sons oagnetization 

t r induat3an. The cantitt WY as defined previously is osXLed the intensity 

of 	stisati n is  The total flux in the material will be the $r of the 

fug produced 3 y the field H, quad that arising fron the aiagnetizstion Induced 

in the boar. As a unit nsgnstisatlon gives riSO to a tbix +equal to 4 ,$/V 

wits of nsgnatisation viii oontribute a flux equal to tU1. Hence 

R w 47r /V 	(2.8) 

Wbsn 	is the total normal flux per unit Brea i.*. i. 
A 

Hsno.BzH.47r =R+47TJ• 

H • 4n kf a H(1+477 k) 

orI =1+471k 

or 	s 47Tk,and k  

Est psrasability describes the gaunt of float through a unit 

Gross section of a ibatanos, relative to the flux through the sans sass 

asation of tree Npaoe, su aooptibility describes 2 v strong a nagnstiaation 

a given gri.tising field viii produce in a substtu ce.. 

It is apparent that these two quantities, relate to eoaswhat 

different aspects of s natio obarao ors of materials. These quantities have 

spsoittiv applications in magagtio exploration. Tbr mastic strength and 

hence the detsotabiity of a ssegnetic body such as a dike depends Upon the 

wsoeptibilit7 of the rook, foreind the dyke or ears preciss1r upon the 

contrsot in susceptibility of this soak tror that of the surrounding rooks. 

When a 	tic field is eppliidto a body, tree 
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as petia poles appear at both ends of the material producing a tie]4 in 

a canes, whiob opposes the applied field. Thus the effective swWatto field 

91C differs appreciably from the applied ex"exaal field ø. the døagnstii. 

sing field Hd areing Atoa the free poles is ganerl' Trot uniform and 

4ecda upon the distribit►ion of segnetiz&tiofl and the chaps of the ferry -

aa tic elene►te. Iowever as long as J is uniforms Rd is pr*pxartioval to 

J and the direction of the tbrer is opposite to that of the latter. ?us, 

sett = lac ~` Rd 	(2.10) 

and 04 	JU 	 (2.1.1) 

Rare 3 vill be appropriately called the dergnatising factor and 

will. depend upon the shape of the bar. 

QR~rXA 93' Kola - The origin Of the iagnetio 1Qants of materials can be 

traced to the aosent of the ettr*s of which thq are coaposad• Revolving 

electrons Inside  the atoas$ b! ing equivalent to a circular current behave like 

a aagnetic *hall or a t ny eagnetic doublet poi *slog a argaetia assist. 

The flow of a current I in an electric circuit of face area A, 

produce* a gII*t io bold equal to that ,p roducad l a magnetic shell of 

yes rnt at. &1ectg ne each of charge a (a. x.u.) rsvo]vlxig with an angular 

velocity v ( v/r) # about the poaitiva nucl+aia of its atos aoul4 constitute 

an a avtrI4 ourrint of a rength I. a narw, where a is number of electrons per 

centimeter length at the circuit. 

L3 v since r to the rdioue of the circular circuit ruaber of 

electrons per cantiaeter will be given  

woe 3 se 	, 21 e. m.u. 

Thus the magnetic acraent of a rotating electron considered as a 
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a&pnatio than is 

2 

I 

FIG•I 

As seen in f gura 1, an eleatran raving in an antioiookwisa 

diraotion 	A currant flowing in a CIDCk4s$ direction. Hsna« the 

*agnctic aant 1 is directed perpend l.ariy to the plane of the piper and 

lutoit. 
Further, it no is the tatio i*ss of an electron its notion gives 

an angular *) t* sub. to %r2 , 	h is perpaodl4o1ar to the Plena Of 

the per, aid direr upwards. Tkus eagnatic m* i per unit ar)*antua 

b a~,u = ..a 	- ----(2.12) 
Ab 

The negative sign implies that the mgnetio sgasnt it directed 

apposite to the angular aoaentua. In order for the electron toreaain in 

the orbit,, the nnc leus aist vicaert a force of attraction on the electron, 

which VU]. furnish the nscrsaary oantrip.t$]. force fir. 

tdiug to & hr's theory, angular aaswatua of an electron can 

have on1 datinite values, which are mttiplas of 112 0 where h is the 

Plank' s oonstant. Hanoi as otia mom t corre ponding to angular *oaa►tm 

p = ah is 
*p  
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whore p is identified as the uimttbal Quaatut nuabir, and has 

va es 102#3 ..... etc. on. 	1 
Hence the a is1 ost amount of sagnetiO sow of an orbital. ration 

of an election 1O givan by 

,1.6x10'2016.62xxo 	*0.9214x1!J`" 41 	4x 344 x 9.10 x 28 

This quantity is called a 'hr 2 n®ton) and is the a sUest unit 

of n.gnstis E ►t availably Zion a eta]. patt 3 e. 
The ratio of the angular so on N of the orbitel aotl,on of an 

electron to the aagnetio * neat a is given by 

On the otherhand the ratio of the ocular srsentun of spin to the 

se.gnotlo e t is _ no 
C 

That'  is1 the ratio in respect of the spin is halt of that in 

respect of its orbital Wtion. 

t e►ra].17 speaking,' the *ainetto ranant of an aton is osuu4 

+, .her by the spin or by the orbital motion of elections„ or by both of 

thea. Hsnoe the ratio of the naaotio .~acaaeat to angular ao tun of elect ions 

wstbtn an &to$ am be expressed by 

o g 

The qzentit7 ISO is the &fir+ o factor which gives the rate of 

contribution of thy, spin and the orbital ition to the pitta ao*ant 

Of atoll. 
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cSSIFICA?ION a? 1.m 

$t.rn and Gerlach verified it Ip.r ntaU7 that all atoms possess 
a aagn.Uo *nsnt. Therefore# all materials dumntal] coaposod of atoas 
Would be expected  to be magnetic. Rowe r, it has been found that different 
materials behave vozy difforsnt1 , when plaasd in magnetic tiold• On the 
basis of this behaviour materials will be classified aagnettceU as tol ovst-

2"Ma Zf a magnetic field of flux density 8 is applied, perpendicular 
to the plans of the paper and upwards in figure 1, it will exert a asgn.tio 

	

toad* P equal to w x B a swr% which according to F1 	's left hand =10 
will be directed rally inward along the radius ysotor r. This the orbits. 
radar of the slootxan is r educed and its angular velocity Is Increased to v]., 
for a given 8. The total force which the attraction of the nucleus east pow 

fu*aish is asovj2, 

Reece *w2r a ~ w ,2r .. owls. 

or 1 l-w 2 e V x __. 

(wj xi 

Ibwever, even for the strongest magnetic fields which are achieved 

In the laboratory v1 will differ 'b&t little from w, and can therefore, be 

taken to be mss . to d it approziaatei ,r 

Therefore, ova 	a 	 X2.15) 

o V is positive in this onsi. It in figure 1, the electrons wars 

moving in the clockwise direction, ( i. s. current in an anti aloakwiss direction) 

The angular velocity of the electron ssuid have decreased by 	a 

on account of this chngs in angular velocity, the angular 

s matux to ad,* to ;tocsins ( Lsaesr precession),, with a velootty of precession 
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sqjilval.nt to v. In fish all electron orbits in t e atom will process 

toraU a largo merry gp round, resulting in an additional orbital angular 

ray*Itu* A p of the Whelo stom, given bVo p xx I o w, where I is the effective 

aaaent of inertia of all the electrons In the atom. Hanoi 

I 	..,. ...—(fro* 245) 

tom n ation (2.12), we know that this Change in angular ceancntua 

A p will rosait in a *hog* is the orbital netio moment nor, where 

a or it  --(12b) AP 

a 4(./2)2  B---------..(2.i6) 

This 4a, can be inteipretad as an induced 	ietic eosgnt, whose 

direction is opposite to that of the applied aegnetic field as shown by the 

negative signs 

In materials whose atoa a have a not zero acignetto moment in the 

absence of an external emetic field, the spin and orbital aagnotio resents 

of the electrons add veetorisliy to zero. When a magnetic field is applied 

the induced, magnetic non" of each atom is given  t t (alb), and it is in the 

direction opposite to that of the applied field. Hence, the resultant flax 

den Lt in the vicinity of the atom i.e smaller than that due to the applied 

field aionw, and tier eaa er, than it wnuid have been it the satirist bad 

been absent$, and the spacer a t7. VidsntLy such materials will exhibit a 

negative saso tihility and are called I dlaaeanotio' . 

T diamagnetic susceptibility is given ty 

k ffi .g 1 	poi *x„ 	' .."" -(2.17) 

where it and rpj denote arespictivs1 the meter of atoms in a unit 

Voln 0 and the radius  of the orbit of an electron from the Centre of the 
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A=Claus. 

The ahove aeration shows that disgnetie eisooptibility is 

indopeaidir►t of the temperature, The theoretical considerations also show that 

although, t+ p.rature brings about agitation of atoms as a whail, it does not 

affect notion within the atone. 

PA ON j.  : - The ab©ve discussion chow that diamagnetism is fundamental 

to 41 oaterial.s. Rovever, in certain uateri4a, cttanagnetio effect is masked 

by other stronger pb.zvaana of para*agnstien and forro aetisu. 

If the magnetic mount of electron spins and orbital motion in atom 

of sans, materials do not add to zero, the atoms viii. hwn a an aU net magmatic

mount, and will aoneauently experience a torque, it a as netia ficid is 

ppliod. The toadoacy of this torque to to align them in the direction of the 

field, which will be the date of ai.oimn potential energy, The total aagxzic  

field will thus have a greater sgn.tic flux density. This offeat is called 

paramagnatiea, vhioh, although the 4,iasagn.tio affect is still present, 

predominates, being stronger. 

Pare 	etia materials have thorc re, a small positive ausaspt1. 

bility given by 

k c P'"-N = 2 

T e intensity at ®ugnotisation for such materials is given by 

whore ,u i s the m gnati c moment per atom, N the b r of atoms 

in a unit volume . , the Holtzaawn's constant and 1, the absolute temperature. 

This is Curio's law and the constant C = 	is c41ed the Curie constant. 

The above law shows that paraugn tic J.eocptibiltty is in $m11y 



Deptt. of Geology & Geophysics 	 14 _ 	 University of Roorkee 

proportional to the absolute tasperatura, which promoting thrxi►t agitation 

tends to produce a raudon orientation of atoaas, thus decreasing the psa.gnstic 
susoeptibl.lity. 

4-1,2-V 
Cz - In t,rroaagn.tic materials, interaction between neighbouring 

atone 111 10 strong that the *agn do Daraent of aLt ato* tend to align them. 
selves against the dial tub Po roc of t hlIIaL agitation. According to 

O *+ a, the 	do' a factor Igo of to r 	etto atone is ainaat 2 in most 

cases,# indicating that their aegnetto naent originates ohi+f r from the in 

of electrons. It is to be noted that regnet somata of the orbital motion 
or of the spin, belonging to the closed shells ahcu 4 be mild as a whole. 
The aegnetio moment of atoms is therefore contributed l t the electrons belong.. 
lag to the unclosed shells. I nergy of interaction among neighbouring stone. 
consieta chiefly of (ry) aeg etio energy y betwe n electrons end (b) the exchange 
merge between thy, which concerns the direction of spin of the related elect. 
rana s  no was derived quantum seahanicalp t Heil n berg,Of these, the gxobanga 
eery' usually pre pin tea. 

It the tots. energy of the gitnto where in the spin of the electrons 
in unclosed shells of the neighbouring atoms is parallel (oontroUed chiefly 

L the exchange energy) attains the au value „ the 	.tic nonent of 

these atoms base parraLiel, producing the arzoaagnetio character. 

The above done, effect of exchange a eri y can be replaced by 
a nol Lr tie ]d, introduced by Weise, in his classical theory or t,rroaag.. 
nsttse. 

1. a. ' o 'r C R + 	 (a.2o) 
where nez  . here is given byi6 ft of equation (2.10), J it the 

iutenatty of monetization, and V a constant, bii showing the aawaed molecular 
field. If we put 9 0 ( 	,wJ) in equation (2.19) it b.cos 
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J  __ 
2? 

2— 
or  

(a.21) 

Hnna ferros gnatio sued ptibltty 

2 

3k  } 

This is Curio - Weise Law. The teWeraturs pie t nown as the 

Curio teaperatur . Lq"tion (2.22) shows that trrraaagn*tia materials beooas 

psraaanetio at temperatures higher than the iiris to erature 

It 	= 0 in sqution (2.20), H' O  ff = 14J, showing that there 

exists, agretization lnepito of there bed no external, ae netio field. 

This s etiaetion is c lied Apo taneous netiation, 
2.-V 

M u'too sta"s A i. roj t .. A si. nif4ant point about ferrosegnetio 

natsrial.s is that they are orystelep having a► rr,gular lattice aedsup of 

atoms. Consequently var ouus sagnatic o ar oteretiao of crystals depends 

on their direction, though the so-al case of an is tropic character of aati 

tat is asawwd in Weiss Theory. for step .otty we consider a metal of 

Iron which Is a body centred cubic orptal (rig. 2 a ). Figure shows 

directions)O# 110 and Ill in an iron crystal. Fib (26) and (2 i) are 

plate between I and J for iron and magnetite xs.pseti styr. For iron we ass 

that 100 is the direction of easiest aagcatiaation, while 11.E it the 

direction of the most tttioult aagnat4aation. The revel's, is the case with 

s 	tit• for which L . is the direction of easiest ae ! etisation, and 100 

that of most difficult aeignetisstion. This enisotroplc character of 

monetization In f.rroasgnetto cryata1a is called aagnot6orystal li o 

sniaotrop7f and the ditter®nas of nagnetization energy between the axis of 
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the most difficult magnetization and that of the easiest one is defined 

as nstoarystailine an isotropic icsz'g. 
t t o 	2-vi ii Invite, of the +ximtenaa of spontaneous 

magnetisation, forroaagantios, cooled ton a tOiezttuze higher than their 
Curia temperature in a field tree spaes have no magnetization. TO ecgleJn 

this it is a 	d that the spontaneous magnetization ;ppiis~. to domains 

within t.rroiignetic crystals. Sash domain is magnetized to saturation 

sventhough no a srnal field is applied. Hems,, within each down, uncoap n-
sated electron spins have their magnetic m sionts, aligned ,parallel to each 

other duo to strong interatomic forces ( exchange energy). If, bowover 

• hcnge øisrgy were the only one et `scivs a domain would extend over a 

whole crystal, bait there is another affect, which tEds to discourage forLss..  

tio*i of .lane doaatns. It is ncgnotostatic energy, which has a significant 
magnitude,, owing to the appearance of tree magnetic poles. This effect tends 
to minimise the potential energy,, within the syaten and splits the domains 
into parts with different directions of amanetization, The actual domain 
size represents a compromise between the disturbing and aligning forces. Size 

of individual. domains rtxnge from L0 2 to itrd c. a. The transition layer 

between two oppositely magnetized domains Is oa 1. d ' Loch wall'. 
£ceording to the domain theory the dirootion of aaaiest 

in a crystal is the direction of actual magnetization of each domain, provided 
that there is no atsrn&. magnetic ;field and the material is not strained. In 
an Iron crystal. there are six directions of easy nsgnstisation„ ( counting 

both senses slang a oubiia odes), as sow in figure 2 a. In su uzwagnatised 

crystal, domains are magnetized along thus directions, more or loss at 

room$ and the crystal as a xhw3.e produces no magnetic flux. This is shown 

in figure 3a, for a single iron crystal, where the claw ns have been 14. Us d 
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to cubes. The results . .tic moment in each doh is repaswtsA ley G► 

arrow para sl to 100 direction. The crystal as a who1m has no anetiO flux 

density. 
on , ,plyiDg a weak .gu.ttc field H, as sboi n in the diagram, those 

domains which are past near V parallel to the applied field 1,r grow in volume 

at the .pebar of their nai taurs (Fig. 8 b) rC1tLU1 in a net Betio 

~a at in the direction of the implied field. It the field is resQYad, the 

boundaries will p beck to their original o,ntii uratiol. This is oelled 
reversible boundary di3aeeneflt, and it in represented r part A of the 

carve in figure 3 4. 
If the field hacosee stronger, the boundaries continue to change, but 

now in en irreversible why end the flux density in the oryetal increases, replc 
for seal changes in H, till all magnetic domains rotate and become parallel to 

1O, as shown in figure 3 c. This i s represented by part B at the curvy in 
figure Se. As it is difficult to rotate, the direction of magnetization witbM-

in the d.aein# itself, a relatively large change in H is required to produce 

a certain change in B. As the field is further increased magnatia W*eats of 

dots gear rotate until all the re teti4 Ø)S'atc are parallel to the 

applied field, as ab3u in figure 3 d, oausing LturattOn. This cituatiof if 

r4p resented 1Lt part OD of the *are in figure 3.. 
lerrOs bio s&ts&ials axe awie up of a large nwaber of crystals, 

which am xandcay oriented. Rach 1 itt3a einga crystal aontaine many 

do aa*, and these domains and crystals are rendo 3.y oriented to gives net 

flux density equivalent to zero as seen in figure St. 
As be be dieeusied already, if we cOnt 	sly increase the 

■4natising field H, the intensity of sagn•tisation roaches, a aaturntion  

two J'a, when all donaiflo are aligned with their magnetic moments parallel 
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to the app led fia],d. ,Lf sr this there is no increase in J for an increase 
in H. On decreasing H, however, it is found that eagnetisation does not 
retrace, the path followed, t it when $ was increasing. Distend it follows 

a curve (CD) shown in figure 4. Thus when if has been, ao1 l.toLy re aavo4 
the intensity of eagn tiz ticrn, has still a positive valu, equal to J'r, 
This is called residual netiggs  rantentivitj or ron ne ce, 

If the direction Of H 18 now reversed, the curve DA' is Obtained,, 
and residual arietjtjon J rftche to a+ row  for a certain value of H = go 
+mod the ocarcivo LOroo. £ further  decrease in the nagnotia field, result• 

in a ngativs saturt3on ysius at P. g.in repeating the eyed, of a in its 
Orion" fore, curve FOHC is traced. This phenox n of the intensity of 
*agnstiz&tiox laggi.ng behind the ft6ftVtig ng force is called magnetic 
I 'stareoi., and the closed curve CD1FW3 is called the ksteresis loop. 
Hysteresis cis is characterstic of all frrzonagnetio materiels, and it i$ due to 
the tins 1,9 involved in the rotation of dofttne in these materials, in the 
direction of the appl ied field. 

2r-tdi 
a o triatian= • AAother factor concerning terrors netias is the 

pbenoon of Magnatostriotion, $agn,ti.tion of f rrG*t nstio. is uaiisl y 
aQconjed t r their Cahn .a , deornation, Figure 4 shove the rats of 
elongation and contraction, along the throe principal aeon►# of a singis 

crystal at iron, as dependent u ,on itp agnetizAtian along the respective 
ors, 

o ftriat ►n Is iti1prwted as strain in the crystal torn owing 
to magnetic  mite ation, anong mat fob the crystal lattice. On 

application of an azternl magnetic f'i&4, the elastic deforrition of the 

Crystal lattice, is aocanpaniad ter a change in naguetooVstallii .i.oa►tropv 
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energy as well as the inagnetoelastio energy. Hence magnetostriotion takes 

place, so that there Is a m 	'm change in the sin of these different kinds 

of energies. Tbia magnetization of terr©sagnetioo is strongly effected by 

elastic strain or stress, and it there is some internal stress in crystals, for 

ale due to presence of some 3 apua':ty, its magnetization curve will change. 

Ertect of ran slat- It has been said above that the ferromagnetic crystals 

contain large number of k matne, It however grains become smaller than 10 

(mincrons) diameter, the number of domains become vary small and domain 

boundaries find themselves more deeply trapped. Th s, the magnetization induced 

by an external field in fine grained ferromagnetic material is rather less than 

what would be induced in a coarse grained material, of equivalent concentration. 

Moreover, when the field is removed, a strong residual magnetization remains. 

When graineize is so small as to torn monodoaain grains, domain 

wall movement ceases, to be a signi1icant factor in detereing magnetic proper.► 

ties and magnetization occurs only by rotation of the unoriented grains. Since 

strong energy barriers exist between the different directions in which aagetiy. 

z tion, is stables, strong fields are required to produce a change. Also once 

chxiged, the monetization, does not return to its original state. However 

these grains are extremely susceptible to thermal agitation, and magnetic 

properties of such grains are controlled by interplay between the thermal 

ag .tation and the graine:se. 

Reel has proved this theory experimentally and Baas shown that 

susceptibility of monodomain grains increases while remaneflee decreases with 

deoreasig grain  size unt3..1 a critical value is reached, when the thermal 

agitation# maintains the magnetization in couplstely tree state. In this 

condition,, a material behaves as a paramagnetic substance„ and it is called 

superparamagnetio. Such grains are submicroscopic in size and are only barely 
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visible under the slsotiom aioiDmps. Figure 5, shows this rsa lts. 
8-VIIt _____ Jr 	It has been t uM that certain atsriaJ.s, behave as 

pe ranagnstic substances at o rdinaq tsV sratur•,, bit their suecpbibi ity 

takes a ada* VAUM at a certain temperature ' , at which an abnorual value 
of epooitie boat is also ibund. The particular tea ►sraturs is called - point 

or Nos) tsspsz'ature, The magnetic stets at tsspsraturss„ below T, can be 

attributed to the condition that in of neighbouring atoms an antiparaUsi 

to One another owl to a negative exchange energy. This state is osl ed enti- 
femsagnetism a000zding3,, and substances exhibiting such oharootorstics are 

called antiferromagnetic. 

Agars 6b shows an arrangement of *,gaetio 	nts of antiforromag.. 

nstio crystals according to experimental reai.tte of diffraction of neutrons by 

those materials,, showing an antippa,r lel coupling of the aØns. 
IWAL 19 	It has been found that oortain materials having spinal 

otru►oturs possess a behaviour similar to that of the Xerxognetiea. 

aeuezlly, $ r,locul es of U204  .torn oosp rd oe one unit cell result 

in A8 (X16)032 for n mal pinsl . ar1 YS (11318)032► for reverse iash where 

8 metallic ions outside the bracket occupy 8a sites, and 16 ions inside, 16 d 

sites, ;ire 7 shows one fourth part of a unit ce 1p where 8a sites are 

surrounded by four Oxygen ions tetrabedrally, while the 16d sits" are surroun 

by 6  Oxygen Ions act drat y. 

hbr magnetite (F1304), Ga sites are occupied by 8F*, while 164 
sites by 8Fs'3  0 8F.. Neutron diffraction aftlysi, reveals that the 
Betio nosant of Is  at 8a sites and that at 164 sites are in the opposite 
directiouo. That is, sagnotits his an anti.torroa;ignstio character. TaweYer 
the magnitude  of magnetic sots at two different crystallographic sites 

differ from sash other resulting in the appearance of a ipontanrous magnetic 
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sanest as a whole an shown in tigers 6o. Such mognetisr ig called 

t.rriaagnetisa. 

ParIaWtstic susceptibility of ferrtaagnotior abovr ,  the cu 

teVer4ture does not fol ow the curt ..Weise law at ordlatry terroagnetio., 

but varies aooziej to a 1perbolio law in the toe of 

where 0 is a t orltLcai tale Constant at ions present and k0 ,, T and 
©d eI4 on the *agnitida of 1agntic interaction between the xataillo ion.,. 

st 41 ferromagnetic minerlu contaid in the zodca ars, 
etrickl2 spa king fsxrd.magnetioa as defined above. But because their 
at ordinary to a aturs is similar to that of terroaagrst4ce, the i teat 

1ferrlbm 	ti144' i; O*=Qt1.7 nn+ployed for terxima, aetc ain.rale. 
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Since rooks are e,sentialUy aggregates, of various atnsral Bracts, it 

is n.o.M27 to .ter the aagetio properties of iinarals In order to Understand 

those of rocks. i ►c o ug minerals can be Oiaeaifisd into thrsc asia groups 

based on their av1stio properties is. diaaagwet a, perasagastic and 

ferrissgastio. 

ioate minerals, whioh constitute the greater part of orUnazr rooks 

are either pnraaagfletio or 4ragnetio, 44peading upon the preset or absence 

of °' 2.hoss  Mn! 3  sto. In their crystal stzoture. Jasrts and telsprr are 

typical disnagm.tio minerals in rooks where as olivia a, pyrox ts., end biotitos 

are the aoa0wn.st parasagnstio *inira3s. Natural ocouraaos of lorria netlo or 

autitsrroa,agneti,a dl cat• ainerels have not so tar been reported. Therefore, 

the various tarroaagastle obaraotsrostioa of tacks can be traced prin Va r 

to the urrlasgnetio oxides or the suiphids ainraiay which are scattered 

although in very ill proportions,, in the practically non as tic silicate 

a ,nerals. 

In all practice. problems In which rook asgmotta studies are of help, 

we are interested only is the fsrwampetto character of rocks. ' refora, the 

study of t+ rzuaag rtic minerals is of great importance. The anorals 

responsibl. for the fez' ror, inetic properties of rooks belong pr.doeInant]y 

to the ternary lystea F.O.TiO 4s3Og  (Pig. 8 ). ,twang euiphids, pyrrohetit• 

is the only ieportvnt as netia mineral. 

The co oa4tion of aagaetic . nrshs in igneous rocks is governed 

1 the coppoeitlon at the parent mdse. end the physical conditions operative 

during cooling. Chet satin of sagasUc ainerals# uaµahiy occurs above 

the Carit point,#  woe nhy between 3.100°C and 8000G. The grainaies depends upon 
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the rtss of sooling during orystaUlzati n ad ranges from 0.05 tO I ass., in 

volcanic rooks. lbwever, in p]itoflL rook* ors 	of even 1.00 La. or Larger 

it an not dncosan. 

i1aetio aj**era3.a are rsr& kwgeneous, and sq inio3.v several 

plaa.s, either owing to .*sda t1on or due to replacossnt or a tOZ t1an. This 

Uinhesogeni.ty has to he takes►► into 0cmld+.nfCen# while iv.stigat4ag magnetto 

properties. 

The aam Pict gals and their interrelation In 0 .0x1 

Lion is ehawn in the figure lb. S. Iortant ►ratio properties of these atnr 

rals are given beiow. 

MaZflttf (7.a0), Zt is the cost ioporteut f rri ,gnetio moral. In rook*. 

It hay .imerea spinri structure,# with oe.], d onions a a 8.39 t 4thw9b 

opttaaU7 isotropic it is agnsti&- 1  anisotroplo,, the (],ii) direction being 

that of the easiest ssin.tisatiOn, s the (too) direction being that of the 

most difficult. Its cued.. point is 5s?8°C, and its saturation aoq gnetizatiou at 
roes teiperature is 92 to 93 o.a.u./Bras. 

a hags  (h2TiO) _. This is also of inverse ,in .l structure. 	Sr not 

found as natural crystal% butt occurs iot.rgram 4th magnotits, t eihthtts 

pnrs*sgneti* at nor3. t ,erstuz i. 

 These tbi a caplets solid 

solution above 000, bot *=I" at low teiporutur., fernisagzieti decreasing 

4th increasing MV040moi part. 

IiIgbm&a* ( hrag3)11. It has inverse apind structure like isgistit., but 

inverts to beUattts between 200 to 10000. Its saturation yeti ion is 

63.5 ears./  graa. 

9; 

 

tLt. ( l► 2Og) # 	It has u rhoabohedral structure. Individual Metals 

y parsaignetio in the direction of triad a*is# but exhibit a Toff' weak 
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firrosagnetisa pe rp bdi ►lar to this axis. Ibr all practical purpose this 
can be taken as psranagnetio. 
fl.4J$ $ ( ' 09 ) .. t is a so of rhoabobodrel form and is antic rroaagn tie, 
with a *eel' t.iemtur. of about 100 to 150°C. Usual1y it shove a X11 nti •• 
ice in thsoritiaal ,' perfect cancellatio ► which gives it a saturation 
*agnetiration of about 0.2 a. r.u./grace. 
Pyre 	. This is the on sulphide mineral eho4ng ferronagnetia properties 
The str cturo is dfsotiv. in iron and ehauj4 be vritt~a as F = y , bet is 

usually written as 1a 1 x where D < z= 0.14. it become patio at 300°G 
Below this t.np,IYatur. it is antitorx'o 	otia for 0<z<0.09, and tarri 	►tie 

in the rsaalning rardo, with saturation na n+tiaaion of 300 to 331 o.a.u./gr w 
Iboka u usll r contain soft aunt of 

torn aagn.tio grains in the fora of fin° pa ticless diiporsed throughout the 
matrix of pars tnetia or dtasegnet4o a cst.e. Because of the presence of 
these particles, the belle of rocks scow characteristics of fsrxosagnsti, 
such to asgastic iyaterssis and curio temperatures although the intensit7 of 

ti sot ion, nary so imes be not ash more than that of paranagnotics. 
4 2 	sogpipnir s Sines the torm*gn.tic aIn.rals In ro s 

are dieperad as Per particles, a alt dnagnet4a&ng fis4 cows into ply' 
in .yai particle, whoa an external field is sppli ed. The magnitude at this 
t3, d~papds upon the ehap• of parttolas. Hanoi the susooptibtUty at rocks 
determined in the laboratory are not true SAao*ptibil ties, but the apparent 

n,tia aioeptibt1kism kA. 
it we asses that each fenonagnotia grain is sr'rowaded by a bo t 

cavity in the oentiaous phase of the rock, tha sftective arc tiai4 in 
the hollow cavity, Heft,, can be ;rasa by 

*It i° the temperature at doh an antifarronagnetic substance boa aazisau 
susceptibility. 
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HW.Gay. '1 lac - (L.Ji)J, thirs J 0 lc, 	{3.1) 

Hare L s4 14 are desagnatising factors of the ztckIpapisn and of 

the cavity respeotivvli. 

It Here, is the effective kagnetta t"lal, Ji the inten.tt r of 

aagnettsation, k the tr ie asoptibtiit, 5 the deaag eUsiq factor of a 

tsrxoaagnetic grain, .d p the voLu of the terzossgc.tic s tsr1a3 in the rock 

than 

` 	tt Ca.'" 	,: 	(8. ) 

where J j = k 	,. ad J = pli _..---(3.3) 

%F co 	g (1), (2) aM (3) we g.t the Yol3o4ng gtisral rsuion 

for the apparentmotto MaCepttb Uit, 

k=  

If p << £, 1..0. UAWI sagnetic interaction a ►ng the Ferro* g do 

grains can be ignored, o t10n (8.4) reduce$ to 

where eoitio eaec ptibtiity is ua.d the srs:aalons (3,4) aM (3.5)1 

can be writtan as LbUowss- 

~d  ) 

where e4, f +mod Q axe rrapoativ*L7 the specific gravity of the 

rook that of the ferroargnetia atn.ra3 and the weight oontect of the latter. 
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atti is have be i ands to form"atts statistics]. 'lava' rel,tit4ug the bulk 

suaeapt4btUty of s oko to petrological paramst0rs. 

Money and Bldfuu, after study rocks from $thnsaota, derived a 

re .anon, bstu oma  balk suaoSptibility aid aagnetita contents  Xoued by crush 

s ► tin s aration sand chubs]. analysis for iron, whioh is 

k = 3.89 Z .rs  V 	(3.8) 

t re V is the yolu percentage of seastit.. 

slq and dd# ton have related the suwVt bMty of a mite 

of dl iz nd rooks to the traøUonaL volur of sU minerals  vie mIly identified 

, as sagnetit. ( which include Y0-'i 04dws of spins structure) . Their relation 

gives 

A .1iiilsr relationship has been d errdnsd t' Berth from the an rsis 

of m4pwtit• bearing lion ores. Eta findings give 

0 1.16 x iO4 	(3.tO) 

where V is olu.a percentage of nagnstits determined W egzwtie 

separation. 

The diacr1pan in the oanatants of the abo" three s hoes aryl be 

attrt Ltsd to the tent that the tørrorriistiO minerals in rocks are usually 

not pure nagnotits, bAtnave a fairly Varied oo osition. Besides, the 

ratio isaephibi tj in weak fields is stray 	Iusaosd fir` the cis* aid 

fps of the partiol.s as veil a.s t' their internal stresses. 

• ,&Ibbuugh 

magnetic m►sceptibiltty of rocks in weak fields depend on the kind a.1 the 

&bAWWA" of f.rro a gnotio sdera]. gins and their 4r s in a complicated 
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a ,nne r, the following geen.xi 1 Conclusions aezu be drr~tutt «► 
(x) 	Basic rocks have greater gn.tto ecoptibi14y than acidic racks. 
(2) aasptibiiity of volcanic igneous rocks ranges from xr4 to 1C2 emu 
(3) , 	3zsaçtibtUty of plutonic igneous rocks ranges from 10 to 5X2.0 3 

e.s.u./c.a. 

(4) 8u.c ,tibiUty Of set asD phio rocks to fros Ijr5 to 3 x 10 	e.a.y/a. 
O 	,bieavptib lity of sad# manta a 	make Is 'below io'5e. a,u./esc. 

s toga ,ng tab r~, iwhicb. gives suaotibUity Of aoemon took typos 
4U f(1Lbo 4orro orate the above obse 	tions, 

TI 	I 
1.. Igneous 	aks~ 

  ____ 

(Iranttes 	0.00003 	to 0.0027 14 eaaplet 

ULorite 	0.000046 1 "le 
Doieritr 	0.000019 to ©.tom 8 aaies 
(Diabaø.)  

0.00068 	to 0.0063 8 aaa,1.s 

'e 	tits 	9.0125 1 saapL. 

2. )ietaiozp 	* sake 

0n 4eass 	0.00001. 	to 	0.0030 2 sass 

mate 	0.00026 to 0.00024 2 "Is# 

0.000039 to 0.0030 8 ea 	lot 

AXphLt*Ut* 	0.000058 1 sa~rp1e 
~ ►tUtte 

	

0.00025 to 0.014 2 sam3,s 

3. 8*ftawitar 	as 

Ldlaan*s 	0.000004 1 sample 
Sandstone 	0.000005 to 0.00OO7 2 e plea 
Javin 	0.0OON to 0.00005 S saap2ea 

uioity increasing 4o mvards. 
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2»x 
 It has b! found that the 

susceptibility of a rook sanp]s In sU directions is not the sans. This 
anisotropy may be due to (14 shops of the iin*n.ti body or (2) retLar 
orientation of magnetically aniwtropic oxyet4s, diisotrapic ssgnstio 
sw►ogptibUlty is a tensor of second . k k j3. Therefore# with analogy to 
the strain MUipsoid it can be represented 'bey a susceptiblliky &Ulpsoid. The 
lavers* square (1/✓r) of the isngth of the radius vsotov c " the susoeptibiWltr 
• 14soid is .qu4 to the sagnituds of s seepttbii ty In the direction of the 
radius "cW r. 

Isiog Us reported that the sagnitude of susceptibility is 	w 
in the bedding plane of the Ito, and nin 	in n direction perpendicular 
to At In the case of mrnswiphia rocky, the Lane► a*saeptibility 411 be 
In the punts of foliation. The degree of antootzpy is eVrssaed bit the ratio. 

Ml.nia► kA k& sin. 

This ratio nsu& y Use between I and 1.5 and rarer osd 2. 
Igneous rooks, 4th the exception of layered intrusions ss r Mattly 

be considered ass ssn.tioslly isotropic. 
fix- Woks sho r the hysteresis pbanos n sistiar 

to that shown by the f.rroaugnstic sinsrsie. In rooks saturation of 
aagnetisation is attained at or above 3000 to 4000 osstide. Tb. asgactic 
h►rdnes. of rooks vtr widely depending upon the grain sl u, the interns]. 
stresses and the intrinsic properties of fornapsuo damns contained irn 
thee, Umua4 the oosraive force of Igneous rocks is stew b sdred crested. 
whereas that of hs*atits bearing ssdisets ssounts to over LQ00 outsd. 

ohs d*agnetiaing factor 1i of grans. play an ieportont role in the 
l ratorssts 	 of rocks. is ratsre.is curve for 
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t rrag1sstio ain,rü grains in rocks its tlattsr than the hosterss&s aurvi 

far the fonO nItiO * n.i . its. 
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A nuier of aotboe hve been developed for the qu.ntitative dster t . 

ustisa of the wagaetic etiseeptibUity of zv ks. Most of tbaso are n]y 

laboratozy teahni(ies, but some of them can be uasd In the ff.ld aiaa. Since 

the strangest magnetic airier .s posses about One s. m.u. of mum aqtibilit r it 

Is custaarp to a loy OAS tU ttb part of this unit in pica work, and 

+rd. 	isms t1T* 3nstxttaat5 ara r* U11'Od to ooaasre this saU quantity. 

a. 	i ~r wi }h IRMi!T1I 

(a) 	gnbergez4 a Nethod The instruoent used to a aivlo uaitilar 

magnetometer,  cousisting or a mignotio needle LO' long end 0.20 to disaster, 

attached at Its oaatrs to a fine torsion fibre of about the afire length. Thi 

dotlrotion or needle is aose rred with a atzror nod ts]sscope system. The 

ipio to be tasted *r be either oust to a suitable size +rd ps or aq be 

pul"AsOd And put in a # not»tub,. Thin ssJle is brought within a few 

astlsetors of a40 of the pales of t ► magnetio needle and the resulting 
dstle*tioo is asa Trod. 

A atsodord ogle* of knows susceptibility i. then put laic place of 

the test sale, ,rid the dofleotion of the needle to observed. since difl 3tion 

is directly praportionsl to aL#agpttbiLtty for a given sapsration from the assiL, 

• Its mast of the sa"tl ty det,ra1mat1aao# lorria ollorido is used on a 
s indard ale. Its s sooptibbiltty in given Apr k (*&ii)  
wk%rs a * go * "d is ass , s eptib1.lity of pure ferric oblorida, gyp, = Pass luscsttbil ty of water a .x©.19 x 4 and p percent torrid oborids in solution. 
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and a given controlling field. A oaepariron of the tVC readings i 4U give the 

ea~aaoptibil ity of the toot aarle. 
The controlling field in the above exp.r&at La the ea$ht 0 erieontaL 

ea~pouent, which orients the needle. If a bar asgnst of strength slightly 

ewer than that of the eartht a field is placed below the needle in such a 

w y as to oppose the earth' a field, the controlling field $ s reduced dens 

increasing the sensitivity considerab' r. 
--u1 

(b ±&4 	► Ra&-er Methaids- Gonpariaon with a standard sails as a 

enfls of aeaaring susceptibility has been also .toyed using a high senidvity 
Aekaala Vertical t+ netoaetar. The procedure is the seas as in the 104bigeberi, 

aetbod. The sar ale, to be tented, is plan d on top of the aegowtoaster above, the 
north pole of its asgastic oy+tva. 1eadings are token with different faces of 

the uçle in contact with the top of the instrusent, and also Kith a standard 

ample. 8uaotbility in various directions is calculated by finding the 

appropriate ratios. 
2-xi 

(a) etstio 	e r. 1101b dz • This inatruesnt consists of tom► 

*egneta of nearly shoal strengths Zoz Ind an antiparellel. arra geebnt. The 

there seed tine pew of this eyatea produces a relatively high sensitivity 

T'he coiarison method outlined  above can also be used vith this instant. 

Disadraat ire of the 	oto rotor Hethodss . It hats been observed that a apse 

øbould have the dia.natoaa of atleast 6 c.o. in order to produce a deflection 

equal to the theooritioeUy predictable ddleotion produced tr erie of Infinite 

thickngsp. ttte lards asl.s are therefore reeluired, whilst using the 

eagnetoasters, 

(ii) 	'err sagnetometers are very sensitive to outside aaguetto disturbanoost 

and mqy therefore be affected 'q fortuitous ae.gnetio fide. 
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1-vi 
(a) Loris= r Two So . 3d Mstbodl. Xn this method two tolaiotds 

Identical in chap• and miss are mounted gyaastrica23 r on either side of the 
lover sagnot of an astatio aignatic system as shove in figure 0. One of these 

solenoids carry a saoonda r idnUng through which a measured au neat can be 
passed. The so oide are connoted in series, with near poles in opposition. 

Tbw are net so that with a oertain current floes through their prisazy 

Via, no deflection is produced on the aignetia gyate5. With the current 

attU. tlowinn, n test saile is than put In the soL old which is surrounded 

t the e000fldar3r winding. This causes a defection, which is natraused, t r 

f Lowing a enrant in the undxy winding. The current required to neutralize 

the dotle tton prorides a measure of the induction in the test sa~plop (ton 
which its uscoptibiitjr is obt. ins4, 

2-xii 
(b) This method is based on the principle that the 

total Ales charge inluta.d In a search coil as a result of this change in 

aagns'bio floc through it produced tV reversing the applied field can be measured I 
t seas of a ballistic galvanometer. Di figure 100 LI, L2 asst L, L j 
constitute tø Mutual. tau 0so H1 sAl H. ¼ 3a ad, usted till the induced 
0. ors in the s condazy circuit be ase nsarly $*200, so that M~ 	. 
~apeaiss* to than inserted to tors, the core of the Mutual inductance HE Ayr 
abalauco of induced +d is corrected bar the transformer T. Thr field in 

Which sueoMptibl ty In to be detor*1*ed can be produced bar a ignrt#siag soil. HI 
lOP a►asursaiatso the carrant i. through Ll and L& is reversed tr assns 

of a wry Witch and the resultant  deflection of the galvanometer is rpm$. 
The a aotrIa charge q ,iMuod in the secondary ciralt is given tr 
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FIG.9 TWO SoL '/VOID M£THOD FOR SUSCEPT/6ILITY DETERMINATION 
(Arrr LCRIN') 

Li ,fgMOLE 

FIG 10 ELECTRIC CIRCUIT FOR IALLIST/C METHDII OF 

MEASORIN4 ,fuS~fr'T/8/L/T Y 
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wh. a jr X 2t4 7V *4 A ao ~u t* 1 ( for Oj,ace) 
er* a is a constant depending on the resistance of the ssoandar t 

cirø4t, r the eaotiv.  r oroas seetton of the .Inserted sp$aLasa, A the effeoti 
cross scticn of the coil Le and C o constant depcodl.ng apoA the dtaeaion of 
the #paai w 4th respect to that of . This we gat a relation between k *14 
the datleat#on of the galvarwaster 0 as 

where E is a smaXL constant which appears when lei is not fly 

equal to M2. The sensitivity R' is calibrated with a ta".$ mV1O. 

4ventsg,s of t 	bov athod ovarJI stoater tba - (1) The nooesaary 

s of the ep oci aoa is aanedda ,b]t reduced. 
(ii) $y placing the coil cynic preps .oi *r to a stio asri4i4)n, ohwsga$ 
in the fib' a Iced can be aiirinat.d. 
(iii) .tLsing field iN at our oouttal and hence complete tgateresis soap 

cal be Studied. 
Di0adT aL, o,~,* It !*s been tbuad that In weak fields# Induction does not 

attain its 	ram when the apgnwtising current is altered du. to 

asgactic c'seping. This tias lag is ensotiass very large. 
III. AL' A1212CU Tt t 

(a) Bsrr& s eductive, Methods. This is one of the earliest ,i.C.Matbad. 

The inductnmi bridge is shown in figure 11. Two eras contain pure resistances 

1. aid R2, The third are contains a variable inductano• La together with a 

test coil for heldiag the sepia. The fourth an contains a topped iiduotanaa 

L3 and a Uriabl* 	aUO• I. In op~►ration, the brtdg.s is first balanced 

for D.G. bar adjusting rr and rcrbal.nc d for .C., without the speciasa, t r 

adjuatns;lt of I4 while L3 is set to sir*. The spsoissn is than inserted, and 
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60, 

F (G • I 1  /N;UCTANCE eR/DE i'OR SUsCEPT/B/L/TY PprERm/NATION 
(4rrER /3/IRRfT.) 

REL MNOLTI COIL 
L 3  

L3 
.L  

LI 

LL 	 L, 
EG£CTR/C CIRCUIT 

F IG. 12 SCNEMAT/C VIEW OF THE IgPP19RATUS FOR MEASUREMENT 

OF THE MA6NET/c Susc pT/BlLITY OF ROCKS. 

(nFç BRU(KSNAi,i RNA Rn36R77GN) 
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resulting galvanometer deflection is balanced out bar adjustment of L2. This 
change in inductance gives the susceptibility of the sa,ls. 

. 1-v 
(b) 	 this method susceptibilities at rocks in 

situ can be measured. Inductance of a coil carrying a current is first measured 

in tree gpsae, with the kip of an tndutano. br dg.. The coil is then placed 
on the face of the rock under investigation. The change in inductance thAs 

produced is a aoaenrs of the susceptibility of rock. A calibration purvo is 
used which cures the abbe in miarobenrias in ter= of susceptibility. 

2-x.il,7 
(a) $ .~~kebau 	JkbeASDIk'etho s^6 In this method, magnetizing 

field li produced bV an Alternating correct of 30 to 60 q/@ roses of a 
Re.$)xalts coil. Within this field a coil former is rigidly Bunted carrying 
three windings L1, L2 and L3 (Soo figure 12). Coils L1 and L2 tore sa astatto 
Col agstem and are designed to pidrup equal smeunta of e. m. f.'s and are 
connected in series opposition. 

In 4 uniform s gn tic field Ii, parallel to the a ie )tbs e.a.t. *arose 
the twin coil arets* vii» be aero. It is generally necessary to put a -mall 
condenser parallel to L*, in order to eanael perfectly the complex 0.a.t.' a 
produoad 1 the Li end La coils, A rock sale of cubic shape plaoed on the 
axis of the double coif, becomes an dtrn&ticg magnet. The s.a.t.' * Prot vp 
in L3, a coil of few turns connected to a potentiometer, supplies a refemoe 
s. a• • , age oat which the e. m. t. due to the alternating rack magnet is balanced. 

The detector G consists of a tuned high gain a~gliatier, and a tuned vibration 
galvaeaeetor. The e.m,t. produced ty the w,aple is proportional to its 

susceptibility and can be Calculated r the potentiometer readings. 

(4) 	 $ $th4 w The above authors have 
slightly untied 3racksahwg $ method to measure susceptibility of rooks &t 
different frequencies, (txom 60 to appoq/sJ, VW have used a third 4ndirag  
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of 5OO turns 00=40ted through a pots ti o *trio arra nges4at, is series with 

the dooub ►e aail to obt4n greater aaourtq in oo7peasaUon. Thr used a Taktron 

.4* 317 o&Uo.oaps► to measure s.m..t. produced ter the spsoim en in double coil.. 

The sa p .ea studied were of cylindrical ship., with a radius of 1.1 c.r. and 

10 qoh equal to 2.3 e.e. placid at the contra of the double coil. 

The apparatus used for the prooent *aaAreawnte, is salsa a naditication 

of Brackshav' a Thai. biøteed of 50 c/a however, the asasurernento were made 

at 529 c/s. 
The equipment cons sts of an energizing pair of Rel.aholts coils# a 

search coil* a coapensat.irig coils  to baekoft the pr4.aary field in the search 

*oil, and the aessr&og brldgo and doat.otor. The various coil formers were 

machined k' $/8 PIZ Ltd. of !borkee#  according to our specifications#  and the 

entire system was assembled in the departmont. The asaairing bridge was also 

designed In the department, bat owing to lack of workshop facilitise, its 

fabrication was ha dod over to W8 lsctron&o ppli nods of *caeca►+. The; la 

also 'wired up the asp1.3fi r for the detector, which is wholly transisterized 

end oonatats of a tuned asplitirr at the woz t10 frequency. 

a 	ensrrising qsten oonsietsd of a alt* 003.1 

asusbby (sea photograph No.1) having 100 turns of 20 a.w.g. saaxeUedd copper 

wars. The radius of each coil was 28.66 a. a. T e coil qstsa was sale entirely 

of ebonite. The ecer_gising field was produced tV feeding the Hslabolts coils 

from a PHILIPS power airpWier, which was in turn excited bps a PBIG S beat 

t tsncy oscillator (See photograph No.8). x ;s soidsl currentt of 128 ail►. 

VU necessary to produce a peak field of 4.5 oersted at the centre of the coil 

system. 

"tai s of various coils are given in appendix 1.. 
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IHCOL i 	A Mss col havI CIO turns of 40 s.v.g. .,Jl.* eoppsr 
wire was rijidl7 attached to the bsp1 so as to be o0iziiI. end ct*Q4sptri. 4th 

the 1,lshalhs Coil ptstp. (us phtoSrgpb lo. 1) This *oil was proitOd with 

eight tappings to per4# oaltbmtlm of fract ons of the total ttdd or •.a.t. 

The coil toner carried a oircolar a o :.&t- the caatrs, in wtitsh a adragar dial 

ssrry$" $ test sails of +sibio share (10 * 1" s 1'0 ) could be fitted. lb. 

otUc rock "I* %hoc mmCo$a tie& y Lay at the centre of the aystsr, with 

oxw of its 4=4 OOH el to 1t. 

2T, l 	$ 	dacs the aeoonthir till prod%*o.d tv the tsst nls 
placard in the asMtic ZLsld s0 the 1islWwlts coils was too sss21 as aospard 
to the prioaq ti&4, it was asoessasg to cans.] the priskry tisd in the 
Satoh so ,l. Thus proved to be quite a dittie4$ ts*, hit was achieved after 
a lot of trial sad orror. A .o,nsaUag Doi of $2$O tune of 40 s.v.g. 
enas 11ed capper viva with an adUUstablo osntrs was placed above the appsr 
,l'iolts soil (see photograph Sa. 1), and was joined in series oppodtio* with 

the search +oot1, with the help oft +rind sad skai arrang*%wt& the torcor ecu]. 
to adjusted so as to arcs most of thy► s.w.t, pidcid up 1w the search soil. 

The o.s.t. mod 3a the ssaroh soil mad the ao ensstisg sail will 
be %&y i bass,, but o at► a +fell Qwidratuv eoapon.a „ dqo to the salt 
esttances of the coils rat leads. 'fin► cososate for this an iaduotoast.r 
was used„ whose priaarr forced o pram at the 	i.Ing circuit as shoe n In 
lure ,11. 10 v r, not sash suss ss vac achieved owUS to the UAted =%Vwl 
iaduotsso. ev,U bl, ttoa the .4""S isdustoasOsr is the laborat~r7. 50es 

0 
	 this 	slag aneospmastsd ..o.t. vas read on the potatica ster sad treated 

 sue # Di r. 

, F ~, t"  A small nail of 115 turns of 34 s.v.g. snaaeUed copper wire,, 
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connected to the potsntiometer supplied a reference e.a.f. (see figure 13). This 

coil could be rotated about a vertical and a horizontal axis (pbotogr ph Ro.1), 

and by settles it in a certain position, a given i.e.!. could be obtained. 

TAB,sS Rp1G BRlnll Vii- For m,aeutxc.pts a bridge of B uaksbavl s design vas 

used. this consisted of a potentiometer of resistance A, flanked by two equal 

inductances Wa aaoh, and another potsntiomater also of resistance R flanked by 

two equal capacitances ZC, conosotedmaxoas the reference coil as shown in 

figure 18. 

When a resistance and an Inductance are connected in series and as i.e.!. 

applied aamss then the phase of the current in the circuit. lags on the applied 

O. w t. tV SA sz ► equ to ta~r-134 . If vL a 4 thi s angle will be aqua to 
a 

AO 

5 i aZ'ly if, a rasteno• and a capacitance be connected is series and 

an e.a.f, applied to thee, the phase of the current in the circuit will le6d 

the applied e.a.f. by an eAllr tal to tau i 	 j. It wCR ~e 1, this angle 

will also bs 0o. 

Thus It the total reactance of each are is equal to the total resistance 

in that are, the phase of the voltage drops over the whole length of the 
potentio ter. would differ rrue the phase of the voltage difference appeal 

across the who]e arm bar 4S° is the oapaoitance arc and bj - 450 in the 

Inductive are. 

More over it this ,total impedance to each arm is mad• equal,# the current 

As the twaa'as would be equal and differ in phase by 9Oo. That .s VY : 

/van" +R,2 or vL a I/v0 or A2LC a 1 . 

these conditions matioesd above can be written as WR * Wok+`► * I , 

whire v a 271! "t Is the wow angular t requengY. 
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The tw air in peraUali oimv+•r tog.her behave air a stndlr mist.- 
no* qa1 to Rr This can to 'ail, fLnd for two szt * vats of fre .no's i.M. 

s 

 

end 2nt3nLty. 

It the 	moy of the flied ft.1.4 is sezo. the reactance of the 

e*pactteflCs branch tads to matt r, and a41 purr flown anl1y tbrugh the 

otiVS branch, which behaves as a sing1s V641041300 R. It on the otherband, 

he freuenq t.nd to 	.ty, the reugtanco of this inctuottvs branch becomes 

thfinit4y 1sr a and aiJ. current flows through the capacitivi branch on], 

which b .vs see s iJ. resistance swa1 to K. Time it can be conoludnd by 

induoticfl that the netwoit as 1ncoed fron its aon ter MaS behaves as a 

pure resistance of raffia L 

Mow# it th+ rda is coil hem a rs4.?anae RL sad 5$ indCtsncs Li, 

the phas of the voltaige 4top ijpeering ac.roet the t'unooicU of the two air, 

(cross AS in tiure 13) with terzcs to bbs *.aft., induced in t e refer 

cast mou, 	va& t' ~► ► i 	j' psuitnb34wlM4g the 

'.raiae tail thin pbass cafl be made 	ra t to .O. ft. w ►tega drop 

.ppea 	,across the pvtgatiom"Ora La the c+wpacitive and the inductive 

breach cold then be r**►ectivsl in ply and In (PSAraturs with the e.a,t. 

induced in the re'* c' ooii. the voltage vctors bstvecn variaus poles• in 

the bridge circuit are shown in tigurw 9..4. 
app 'cation of )1eiooU' $ a .1.7Gi. shows that for balance of an 

wnknown o.e.f• % against the reference s.e.t. e, the fol3owicg condition 

should be antisfi ed 

J 
wL1

4 ' ba  

•btt 

a 	21,~wo 

• 
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see roh *oil is inserted between the two potentiometers as shown in 

figure 13. At - -tbslanoa, the o.a.t. across the search coil should be equal to 

the ditferro* of voltages between the tappings of the two potentiometers. Tinto 
for the to piage rand o towards the terminal Aa, the unknown S. a.t. +pi is given 
t' ~► g ,i,) „ which is directy recd from the potentiometer d .. 

Values for the variouo co oats of the bridge at 529 a/8 aen be now 
In figure 15p which shows the circuit of thabridgs. The bridge was mad. for 

*saouresonts at 529 We and 829 q/a iw►t for the present exp.riaent it was used 
an4 at $29 q/o. 

 `q' Ti 	w T1 bridge was grated on a dual beam Tektronix osoil oso 

p1 at $20 c/a. The ends It' of both the potentiometers were iaz bed, and their 
tapp s were c onneat+rd to the two boas. of the ociUoacopi. The ssgnitud.s 

cad the phases of the, voltage► were compared at the +sitar readings of the 

two potentiometers, and were ft end to be equal within the reading accuracy of 

the oscilloscope. Than the .Me U' were earthed and similar result• were 
obtained. this proved sim.bq of the circuit, the equivalanos of the total 
iipedaoae in each ar and the l max accuracyof the potentionstero. 

To check the relative phases of the voltage on two potantioastsrn, the 

tappings of one of them IX, wag entereded and oazthed, and one of its ends aonnso. 
ted to ono bees. of oeailloeoop*, why the tapping on other potentiometer ZVt', 
was connected to the ether home of the oscillooaope, the earth for both 'bay 

being aommoa. As the tapping on the potentiometer Vti was moved from one and 

to the other, the mgiitud. of the voltage varied from a aaii ro2uo equal 

to that shown "bV the first beam, to sire and then again to a maxi's** and the 
phase Va ad troa WO oa one side of soro to - 90° on the other aide. The 

ram results were o1*aiZM 	the roles of the potentiometer, were inter. 

changed, 
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These results confirmed the aocuraoy of the bridge within that of the 

Tectruz2iz oic3Uoscops. 
_______ - The detector oonaLsts of a brsnsistsrissd high gain apl.ifisr, 

which was tuned at the iork1ng fOWMO ► and a pair of hs~3ph nes. The circuit 

of the detector aip1ifier is given in figure 14. 
When no çecisen is placed at the centre of 

the search coil, the o.s.t, induced In the search nail 411 ha proportional to 

the field H, produced by the current flowing in the He alts voila, This, 

s Ox jwlIR 	(4.2) 

whore R is a constant of the search coil. 
Now, if a test sample, is placed at the centre of the search coil, the 

flux Linking g the search coil arill change and the induced  s. L.Y. wi will be 

where C is another s natant 4apsnd upon the distance of the search 
poi . winding from► the centre of be Mpsa sy and the shops and size of the 

Spears►, end V is the voluse of the ecimn. 

Hence the e. a. t. induced b r the spec 	alone is 

	

=-. 	a 	....,..__ (4.4) 
s  jwERC  C 

The s.s.f. picked up by the search ccii in the absence of the çeoi*si  

is oaspsnsat$d br an arraapssat described above. The speoisaa is then placed 

at the centre of the search coil, and the resulting s. a. f. is balanced against 

a reference sr. The ratio 	is obtained directly from th• bridge as already 

described, 
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It the i. n.t. at the s&th hopping of the search coil is balanced 

sgsingt the ova reference, the potentiometer readings i4U give ., . `xos 
or 

e raauton (4.4) above. 

1~ t ! * / U 

ork 	 *r 3 	C 

d71V 
«.......-.. (4.5) 

In order to Cl4 .fiats the aa,o ptibiltj It was neees9 aq to know 

%W(s and C. The ratios e01je for various values of a 4epsnding on the rings ofI 

k,, in aspect of different tappings, were dstnredn1 d by a H&dUT PACKARD Y.TJ.I 

( ith a reading acoura0y of 5p V ,tor a given value of the oirrant. 1" 0bu2 th  

the Y&1 of oux 	in H.1$)1tz aoilas six sets of rain were taken for 

ods aDd average Values of *ade were o& alatad. mss ratios are giran in 

appendix 2. 
The .ration 4bn(Abn were also determined using the bridge. This Offered 

& check an the erases of +roil%n obtained lyres the voltmeter, for atleset  

four values of a. The coincidence between these was 4thin the reading 

or the instruments. 
To determine 00 a standard solution (60.84) of forri a chloride, haves 

a specific gravity 1.70 was used. Its thooritical mass +susoaptibility was 

$3,2745 x 10" ` end voluua aupo ptib ty vu 53.2745 1 1~?"'d x 1.70 90.55 *i0 

The ratio si( r for 16 0.0. Of this solution was found to be d, for a position 

of reference, such that ob 	= 9$• 

1aij ap^ 	j*.. 

 

1*. of G was found to be 1047. 

Using those data in evre n (4.5), va.I 

The .xp.ri s tal errors oefl be divided into 	 r group$ 
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(A) 	 (i) ' ague ratios *s(e , were meaanad 
for ca l*tiD the Aisc tibi3ityO iislag a bridge, thus 41.1 to no effect 

of ar Wit► is urrøton the suaos$ b itr. 

(ii). However, *► * were dated using a V.T.X.Z4., there was a possibility 

of error duo to t tctu iwni of the cum. But a check of these t►tio* 't 

potsnti met.rs for ,tour tçpings sbsw that the coincidence in ratios tt the 

two methods was quits abase +and the error was nsgUgibia. 

B. 

(1) Since the reactance of the bridge depends upon the tre"noy, any 
error in the letter will alter the potentiometer s dings. 

Zr a is reading at the potentiometer, at the wrong tiny v,, and 

Rb at the correct tr.qjisnq V0  than 

u 
For an error of 2.0 c/o whim, is the reading acouragp of the ostilator 

When puking at $29 

(ii.) 	',ire may also be a drag in oiai .rtor trequs y, fah r give rise 

to the eJa mentioned error. tb Saurd against anydrin error a boat frequency 

oscillator was used whi bas an a ar of A 

(C) r 1*ot 	.rg'i 	The potentiometer di4 could be adjusted 

within 0.25 of a division. This 4U introduce an errors  4.p tng upon 

the particular dial reading. 'hare is obviously ro control rover, this error, 

bu►t it Is felt tit effect to negligible In most ease*. 

CD) Rrorrdsto ncnuniforiti While 
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deriving the re3 atZon for swroptibilit7 it was asaad that the spoolu~ i is 
at the centre of the Rsswlts Dods, and 3& hence In a unifozx, sagnetio till. 
B w vsr„ due to the significant diasnetonc of the ep tom, field at its edges 
is diierent tics the field at its centre. 

The find at the centre of the Opectasn In 
gs ~ 

5
i•i~ = 0.5084 +*ratod.  2.88 

The field at 040 at the 04#9 Of the mil, is given by 
27s,2 

= 2 .l4 2O .Z2Bx 22.86 	 4.d~Z7 
t (22.86). (jo. ) 2 	2 .► (a2.86) 2, (Za.lo) { 

Hence the rcutgge errior in the field the ing the sal* in 

A 1   	°"" x 104 8x 2.8$ g 	 0.5054 

N?A&.. (1) Being an A.C.m et1xd it l! L the c vautugw over other mat idea 

that the low sign4 due to inks could be ailitied cxw'°'1ioiutly. 

(2) 	Size Of the Ala has gio effect can raGUreufta ud heuau 3 :. eal► 

p2ms could be used. 
(a)incs an 4t.rnatizg current Ia used for energizing, only the munaapti- 
bil .t r eagnetization kg is me .azr d and era' effect due to the retanent 

sugnetizatien does not appear, 

(4) 5 cs the field Zn uo" in the aeA h coil Is directly proportional 

to the frsqu noy of the energies field, sensitivity was considerably 

increased  by using 529 is instead of 50 c/a as used by Bxuok v. 

(5) Zn Bruckahays double 0011 6r.tse, the outer eoenaatin& toil also 

picks up axes of the sib produced by the apes 	and this a part of the 

signal vu lest. ►' pled the oovensating *oil for away fro* the 9pao a n 
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this affect was avoid.ds  thus iaoreasing the sensitivity. 
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In order to 4eterni a the composttioa of the rocks whose ausoeptibi]ity 

had been soa=red, thq were gtudted in thin section under a pet ologicral 

Microscope. In addition to this a stoat of the polished sections of rucks and 

ores under an ore microscope pox*tttsd the d termination of the character ssd 

distr°ibztion of their terrouapetia content. A model analysis was made of 

the polished sections of aU socks and ores to detaraln• wolulw percantsge of 

their terroaagentio oontit. In rocks model. esslsis was made onay for one 

face because tbq live.. a Ix wigensous distribation of ain•rsls. In ores, 

however d* to boded and vein d character two faces were studied at right 

sng s to each other and the ssan peroantage of minerals was awloulated, A 

brief skstr h of those studios is ,given boLows- 

t.  IgnenuaI1cka 

lsrite ( 4sainen o.$) s This .ass was tak n frog Jaiati ooh. 

field of Bihar. The 	constituent ainerruls of this rock were augite, 

diopside,, pl, g1o014000 sud s seali aw'ont of aagnetito. The rook was coarse 

grained and het a typical. opbitio texture. 

In polished section Long slender prisnatia oiiatal.s of petite 

could be seen. The sagnetits is fine grained and is not altered. ?rapes of 

sulphide ainerals were also found. 

03,i v gL Q%b§n (Speer po. )tx) s- This .a ple also belongs to 

Jainti coal fields of Bihar.. Along with augite, diopside and p ioa3.ase= 

it also oont®inad One olivine. $`Wall. grains of WIgnetitie Cou►id be seen in 
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the polished sections. The oagnatito shows incipient alteration to hsaatits. 

tins lines of hoaatite in cubic pattern can be seen# which are due to altera-

tion along cleavage planes. Sass of the aegastits grains are titaniforous, 

showing a pinkish colour and faint anisotropiss under crossed nicals. 

1.4t (Open No. M6)= . This specimenales bclonging to the 

same area had however, more opaque mineralsthan the previous two rn l.s 

had. The main oonetttu t ainarale were augitoo plagloclass, -petits and a 

seall am)WZt of olivitu. Ilagnetit. crystal* are tine to msdiva grained 

.uidi usnasonal and +noetinsa with parted boundaries. Was crystals of 

titaniterous srga.tite are elew present. A iteration in still In its Initial 

sages and only" in sane crystals fine alteration lines along the cleavage are 

•$0. 

galt 40ecian No. 95) $ . This sale was taken from Na ur 

tamps. The .air nora).e constituents were oiigoolaa., augite: potash 

fol:epar, aegnetits and glassy utter. Vesoiole. are quite ooarnn. fok is 

neroorystalhine, ephanitia and Inequigranular. Magnetite grains are medium 

grata d .quidimenstooal unaltered crystals. Mostly It is titanitaroua 

magastito. 

BaiCZL (ootssn No. 4) s This was a salo of basics a31l 

troy near Muaaorie. It is composed of potash t.loparr, plagioclase, augits, 

chlorite, nagn trtito and epatite. It is a sodium grained sluigranular rack. 

Crystals of mapotito are a uidfneasional but not with perfect developssnt of 

Laces. Mst11y sagnetit• is in ialtsreU exospt at bond ro in some grains. 

Traces of sIphJ4S aloe is are also seen. 

gal (.o 	So. Mg) S,. This saJ ]I was taken from lover 

dohirii.ta aiU of Puhiven4La area of pdhrs Pradesh. It Is composedof 
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labx4otit., aauetite, entigorite and small amount of quaz't,e. It is aedius 
to eaaree grained and flea sub ophitio texture. petite or metals are sodium 

to coarse grained eoasti*es t4th perfect deveIopaat of faces. petite 

ct rata.r are highly ax3di►eed specially at the borders of exyistala. 

2. UJOEI itv. Ores 

3a* 1 No. 2 , t- This angnetite bearing rook was taken from near 

ghs (Zhetri pper Belt). It above Very fine grained ai:cturs of 

aetite and some Aliaete adn.rals tilled In the fractures of the roans. 

The fractures are ao20tiaea circular in shape. )tagnet ,te contasit of this 

sa* ll could not be detarulned on accounts of its presence as uaixturewith 
a11ic*te. 

+&Ooii No. 	and M3  #- T see were samples of bandedmagnetite ci"le _ 

r sit fron 	jamal.a ., Salem 	. Tharp show alternate lyere of Gagne.. 
Cite and quartzite (see iicm••pbotogroph No. 1). The m gu.tite Is hiifl1Y 

oqdiaed to hematite sad ooNpiete aagnot .te gnus arerarely seen. 

Be a otite h 	yrte p r ,to and 11agxietit. aal.ø 

s.. This*ale costly contained ohaloopyrites  which 
hats ripacd pyrrbotits. Only small amount of pyrrhetite its 16ft. Pb tograph 

(aro) No.. 2 AWwo relation of a aloopyrite and pyrbotite. Model ena ,yaie 

abase 29.20% ohaloopyrite 3.75% pyrrbotite and 64.54% ggups, 

	

saSfl No. Xi 	This eagle oontaiued aaziu pyrrhottto, It 

Contained 61.96% pyrrhetite, 3.47% angnctite, 0.75% pyrite and 33.82% 
gangue. 

)SCS*en iro. $g  I. It contained 4.13% pyrrhotite, 4.86% sagnetit., 
2.85% ohaloopyrite 1.40% pyrite and 84.25% gangue  Magnetite is ooletiLy 
unaltered. 
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8tsa1Na 1io. is s- This ss"pla has big stout orystnls of pyrite smd 

■a@nstits► enclosed IV pyrrhotits. Pyrrhotite seas g*is cal r latter than 

asgn.tit• and pyrite. pyrrhotits has been rsplaasd by ohsloopyrit• at places. 

Ratite is completely anoxydissd. It contains pyrrhotits 20.48%, angnetits 

3.55%, pyrite 4.83% obaloopyrits 0.28% and gangue 70.87%. 

aa*oi~sn_Yo~_ i. ;.. In this stele ohalcopyrits has replaced such of 

the pyrrhotite. It contains 24.70% pyrrhotits, 13.46% chalcopyrite► 4.31% 

magnetite and 57.58% gangue. 

it ___ j s- This saapl. contains big grains of pyrite and 

napstita. )Lgnstit• is a>splstvy unaltered. Pyrrhotits Is latter to these 

minerals and is surrounding thp. It contains 84.604 pyrite, 22.77% 

6.90% sagnstitn► 0.11$ obaloopyrits and 35.81.4 mss. 

s.. TbLØ specimen was very rich in sa nstit• as well 

pyrrbotits. Theme two vinnral.sr howev r► were so intia ta1,y sixod that it was 

not possible to determine exactly their percentage. (Sew aioro photograph )Io.3) 

A rough enaJy4ia► bowsver► gave magnstits 35.61% and pyrrhotit• 23.774. 

B. R&JL?$ 01 SU gr TM. tT _DaAj !►'r'I~H 

3isogptibil ties of 6 rocket (intermediate to basic in character) 3, 

sagnstite ores and 7 saaplse containing varying asunts of pyrrhotits, pyrite, 

magnstit• and chaloopyrita were measured. The results of these rrasursrnts 

are shown respectively in table No. 1► 2 and 3. The table also shows the per 

stags of lerroasgietio content of these samples. 

Attempts were also sode to measure soar .ales containing only 

ahsloopyrit• and some other samples of acid igneous rocks bait they gave no 

rssponae. 

71gur 17 shows a plot between augnstic susaeptibiltties and magnetite 
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oontwt of the sic loot &Wiles. The curve sites that susceptibility 
changes linearly with sagn.tit. content. The irregularity of points on 
the graph Can be +claiued by the tact that those socks in which agn.tite 
has been t di ssd wil . have a natively low value of the sasceptibp.ty. 
The table I al hove that que4 nature component increases steadily 4th. 
increasing iasgnstite content. This may be due to the toot that the ologtz 
patio fL&4 aroun4 the epamiae will p rodae electric curt nt in the 
~psoinen M3 aactit* being a eral of high resistivity showis high 
4uadmturr ø on at. Q.ad2'atura ca~ponant being DoMparani+ely *all, has 

been neglected is oaZCultion of the uea*tibi3.it7. 
Because oagotits convent of apeoiwn go. Ki oiil4 not be deterained 

it was oob possible to study linearity of variation in ore ..l.$. However 
table a shows that the anoc eptibility of those saaples has also increased with 
increasing Si4netitl content. The table also show* that when, wgnMticatIon 
is poxp.adi& ar to the plane of the bandings, a Ala chows siniaza 
euaadptibU ty while it shows name susceptibility when the aagnstization 

is in the plena of banding. This result is in conformity with the taut that 
susceptibility in a.dtsentary rocks to *axjsad in the plans of bedding. In 
the present easplos ale the bands of. magnetite represent the original bedding 
plows. High degree of anisotropy probably indicates that all sagusUts 
grain* are oriented with their oaa1rat asgnwtisatloa direction in the plane 

of the handing. 

The suc.ptLbility deteralnation of pyrrbotit., aagn itep obaloopyritj 

s1a could net, bawl .r, be oorslatod, booaos* the effect at tgnetite 

could not bo r aved, on aocouat of the tact that results of sagnetitss plea 

eoulA not be used for this purpose. The mapotit. ore .a pl e were Night` 

ogdiasd• t+hil4 sagnot its in the oeaples from Khetd was completely unaltered 
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and gave very high susceptibility. 

lbwever, table 3 indicates that if ti effect of magnetite can be 

removed, the susceptibility increases with increasing pyrrhotite content. 

Table 3 also confirms the view that quadrature componentIncreases, 

with increase in the amount of material of high resistivity, Sample No.8i 

which has high pyrrhotite ( high resistivity 70* ) content, K6 which has 

high magnetite ( high resistivity i to 1(C) content and K5 ( which has high 

magitetite content) show large quadrature coeponenta, while, sample No,K3 

which contains aha].00pyrite ( low resistivity 2.1x10' nd K7 which contains 

pyrite ( low reai. ativity ix10"1f show a comparatively low quadrature 

oosponent. 

E 1bMAB S 	 ©F TE 1► 	s — Lithough the 

coepneating coil was kept far away from the aped, the leads of the 

two helaholtz coils were taken out ,uaaet rioally to a reasonable distance 

from the coils, the measuring bridge was kept far away from the suacsptibil: 

tyaeter, and measurements were made at high frequency, the sensitivity of 

the Instrument was unexpectedly low. This was perhaps due to the fact that 

the search coil had a large inner radius and most of the flux from the 

apeaimen failed to link the coil and was lost. in the space between the coil 

and the specimen. 

Moreover good compensation could not be obtained on account of the 

non availability of an induatometer of high utual Inductance ar a small 

capacitance. Also the shield of the connecting wires also picked up a 

small e. m. f. causing interference. 

It is, therefore, suggested that the search coil should be so 

constructed as to closely hug the apeaimen. 

The effect produced in ooar~enaation bar the shields oaA be removed 
* Resistivity in ohm. ctn.—taken from Heiland, G.A. — p. 659 
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by using layera of co-Netio ahialding ribbon (Jorgenson 1958) 

By using a small oepaaitaace in paraile1 with the ooianaating coil 

and the above modifioation the sensitivity of the 3netrument can be improved 

a great des. thereby permitting moasurementa of the low values of aii ceptibility 



Deptt. of Geology & Geophysics 	.. " 	7 	University of Roorkee 

yi• • .q
.S 	Y lY ~ 	 . 	T •̀  

• Udut tense «w«-- 	10.55 afi 
1bs atanaR •• 	5.95 ohas 
No. of tune - 	100 tuxes ©f 20 e.x.g• wire. 
$eafl a44.$ of aoi - 	- 	22„86 *.a. 

IId1~i~i fi1DON "' 	1.30 aN 

a.iats t+c 5.950 oh al. 

. of tune loo turns of 2O e.w.g. wire 

Mean radius of aoU --•- 	23.$6o.*. 

InduCtaEC• — 	0.'7$ 11 
Lureist"Ce "NNW 	1.12 WLa also.• 
XIHt 1 so. of tuz. AFB 	2000 tume of 40 a. w. g. wire, e, 

11. Of turns for various t Wp 	g 
Tppiag No. No.of turn 

S 2 

4 — 	20 
S ---  40 
6 200 

7 --  400 
8 ---- 	WOO 
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k4**otanas 	 1.78 H. 

Etuietance 	 1.855 Kilo off. 
No. of tufts 	•••.• 	2250 turns of 40 a.w.8. 4*.. 

V. i"RC IL w 
6S,JQ all 

8 4ilt,anos 	— 	70.30 obR. 

pia. of tuz a 	 775 tuacua of 34 a.v.g. 4*.. 

I► ovdr to be ab to ues the mnsao+ coil (whtchaetuü1.  

fulfil.. tk ac qui 	OonUtiot i.e. wLj, s (l Li), at 829 q( a) at 529 q( a 

an inductance of 20.7 aH and r.atitauce 2.0 Was and an oh*tc reeiatenaa 

of 18 ohms was inserted in series with the r*ters ce 0*11. 



Deptt. of Geology & Geophysics 	+ p' 	74 
	

University of Roorkee 

.AJ.. _U_k..1. X.2.. 

.' 	► 

 

0.00052 
a 

0.0035 • 	 MI 

a 

!.. -- 0.0U05 
0 

0 
	••• • 0.03200 

— 0.13000 i 

Irro %a  rapr►iwnts the o.a.t. picked up l the port1m of the 
search co l l to the moth t*pptng eM 1, 9 represents the aax.iaa •. ®. f. 
picked vp bar the *ail. 
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