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AB21BaG1T

4 cotplate equipment for easiring the suscepbitility of rocks
ol 01es has been ascenbled and calibrated. Sasceptibilities of 16
samples, each in the form of ono inch cabe, has been deternined, Of
these, three satples are of daguetite ore, seven somples oontaln vary-
ing amunts of pyrrivtite, chaloopyrite, pyrite and sagnetite, aod six
semples are of rocks from intermediete to basle composition, Ferrcmag-
netic alneral content of these samples has aleo been doterained. A
correlation has been mede betwean the susoceptibilitios and the magnetite
conbent of the rocks, The susceptibilities of chaloopyrite-pyrrhotite
sasples vere found to incrense with pyrriotite oontent as exoepted, tut
no correlation ocould be made owing to the pressnce of some magnetite in |
these saiples.
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ABIRODUCTION

The knowledge of magnotism can be 8ald to have commenced with the
diacovery of the north seeking character of lodestone (Fe,0, ). Hewaver,

vory little attention wes given to those Baturally msgnetised bodies, which
wers spread over meny parts of the earth's surface, and it seems that physics
of mugnetinm of matter developed ylmost independently of this parent dis -
covery, |

The first significant study towards the magnetization of rock
todies vas made by William Gillekiin 1600 A.D, who imagined the earth
as a glant amagnet, The magnetic ONpass was first used round gbout 1640
for prospecting of iron ores in Sweden. amongst the later ixwlu of
Ragustio prospecting may be cited those conducted in the Michigan iron
district by T,B, Brooks in 1673 and by H, smook in 1875,

Hdloniza% 1853 ) of Italy first measured the remsnent magnetization
of rocks, and siggested that the pormanent magnetization of volcanic rocks
L.0, the thermoramanent magnetisation (T.R.M.) is imparted to them by the
inductive action of the earth's manetic £ield at the tin of their cooling,
!hkmm in 1913 proved through careful experiments, that & strong remsnent
magnetisation could be aquired by voleanie rocks, cooling in the geomagnetic
field, and thet the direction of this pagnetisation coincided with the
direction of the provalling geomagnetio field,

The discovery of the famous iron-quartaite ore deposit of xurag-u
in the U.5.5.R, s & result of Ragnetic prospecting aroused s great interest
in the study of the Bagnetic properties of rocks, Thus the concept of the
Megnetic suaceptivility or pouoabihty of rocks was first established.
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A awu&mﬁh study of the magnetism of rocke from the viev
point of basis physics developed atdadm tro;iﬂous ’,,;.925 onvards, especially
by the efforts of Konigsberger and Chevallier, In the 1930's Mc Nish and J
Jolmason measured the weak reRmanent magnetisation of sediments, and produced
the first aystemetic studies of the depositional remanent magnetization
(D.R.M,) of sediments, as well as of paleomagnetic data on a conbinuous
serios of samples,

In the last %wo dtmdes Tock Mognetism has besen a subject of
extenasive investigation not only in connection with the paleomagnetlc studien
and magnetic prospecting, tut also as & tool for other geological and
goophysical problens, Many interesting developments have already been made
in this £ield and the scope of its application can hardly be said to have

exhausted yet.

with Mo Rish's study of the D.R.M,
in sediments, it was established tLhat most of the rooks on earbh possoss
sOMe amount of magnetiem, which can be attributed % their ferromagnetic
aineral content. It vas also establighed that the directiona of remanent
magnstisation of rocks represent the directions of the sarth's magnetic
fiold at the time of their formation, These observations opened the
poasitility of rock magnetiss being appiied to soms global protlems such as
the continental drift, the wendering of poles, the expanding of the earth,
deformation of the continets and orogenis belts, as well as % the small
soale problens of immddiate interest to gologists, The latter constitutes
probless such as, stratigraphio corslgtion dsberaination of thickness of en
overturdsn, delinsation of the attitude of layered rocks, nagmatioc
differentiation, distinction betweon sills and lava flovs, geological
thermometry and petrofebric analysis.
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BOCK-MAGNATIM IR MAGNKLTIC PROSPLCTINGt~ The dlacovery of the Kursk
magnetite deposit made it clear that provided there is a aignificant contrast
betwesn the magnetic susceptibility of s Wuried ore-body and that of the
surrounding rocks, it is posaible to locate the ors body with the help of a
magnetonater,

The magnetisation of a roc¢k in situ can be expressed as the sum of
the susceptibility amsgnetisation kib induced by the geomagnetic field Ko, and
_the natural remsnent magnetisation, Jn, aquired by the rock during its

formation,

oy 3 = kn) +* 3n " (1.1)

1f Jy in a pertioular area can be assumed to be constant, the
variation in J will be oniy due to a varigtion in k.

Detormination of the magnetic susceptibility of rocks is therefore
of fundamental importance in magnetic prospecting, Mumeroua aethods have
besn devised to determine susceptibllity of rocks, both in the field and in
the laboratory,

The prosent w1k inciudes results of susceptibility determinations
of 1ocks and ore samples in a magnetic fiocld of the same order as thatl of the
earth by means of gn instrument designed and fabeicated in the laboratory.
The instrument is similar to that used by Bruckshaw with some modifications.

The experiments Intended for this dissertatiom were of two .kindl.
The first includes the determinations of (a) susoeptibility of some rock
salples which were available in the depurtment, and (b) their magnetite conteit
and the corelation of those two results,

The second part of the investigetions were intended to determine
the complex susceptibility of rocks qont.aininz both conducting and magnetic
materials, J¥or this purpose, rocks from Madan Eudan section of the Khetri
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Copper Belt ( Bajasthan ) were collootod.‘ Thess rocks contain varying
amount of Ghalcopyrite and Pyrrhotite. The deteraination of the complex
suscaptibliity of rocks contalning both magnetic and conducting materials
vas plonted in the hope that this might help resolve the asbiguity in
sloctromagnetio anomalies produced by these bodiess

The percantege of magnetis or conducting material was deterained
by visuel inspection of polished samples under the microscwope and by counting
vith the help of a SWIFT COUNTER.
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CHARTER.IL
G B SRI

It hﬁa besn long obaserved that certain materials when placed in a
magnetic f£ield becoms magnetised, Such materials are sald to be magnetic.
This condition is aleo desoribed by saying that a magnetic flux is established
in the body or, magnetic lines force their way into it, The flux per unit
area norsal to ‘tnc surface, la called flux density or magnetls induotion,

Twms B = O e (301)
A

Whore B is the induction, 8, the total normal flux and 4, the
sres of oroes ~ section., The c.g.s. unit for magnetic induction is ~gamw.
JQHETIC PRMEABILITI 1~ The ease vith which & Begnetis flux can be establi-
shed in a Wody, can provide a physical neamire for the nmagnetism aquired,
One wuch quantity is the ratio of the total flux through s unit eross section
of the body to the magnetising field, This is called the magnatic permeabi - |
1ity, If H is the magnetizing field, the permeability can be written as

//u%&.=§ ' {3-2)

INTENSITY OF MAORATL: K3 - The intensity of magnetization (J) of a
matorial is a measure of its magnetio stremgth. It can be expressed as the
Bagnetic moment per unit volume, or the equivalent quantity polestrength

per unit area.

=l B .
SN w2

vhere M is the magnatic momsnt, V the volume, A the area of cross
section and L, the length of the material. The unit of J will be called an
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oerated.

SUSCHPTIBILITY 3 -~ Intensity of magnetisation aquired by a substance when
plaoced in & magnetic field depeads upon the strength of the nagnetic field
and on the pature asd physioal condition of the substance. When the latter
are mot varying the intensity is found to be proportional to the magnetizing
tield K, | | |

J = kil - ; (2.4)

The conatant of paoportionality k is termed magnetic susceptibl-
1ity,

VOLUME AND MASS SUSCEPTIBILITY ; ~ The magnetic susceptibility of a gubstance
can be referred either to unit volume or to unit mass, According %o defini~
tions given above J = W/V and the volume susceptibility k = J/H.

To express susceptibility in relation to mass of a perticular
substance, another tern 1,4. specific magnetization will have to De
introduced vhich 18 defined as the magnetic moment per gram, Thus, the
wocific magnetisation ¢= M/W, and mass suscepbibility k' will be given
e

k¥ = 'g ‘305)

s Qe s =Ml n JR—C
¢4 W V?aﬂn(’auua/e ' (2.9)

Hence k' = '%‘. = k/e

or kif=k enmsans (24 7)

Thus volume end mass sipsceptibility are related in a paradoxial
manner, 1.e. to obbain volume susceptibility, the mass susoeptibility is
multiplied by the specific gravity ki is usitlly represented bty X
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L, SCRPTIBILITY 3 » When a magnotic material
of wolune Vv is placed in a magnetic field B, it will aquire some magnetization
by induction, The quantity M/V es defined praviously is called the intensity
of mognetisation J, The total flux in the materisl will be ths sum of the
flux produced by the field B, and that arising from the magnetization induced
in the body, As & unit magnetisation gives rise to a flux equal to & WV
units of magnetisetion will contribute a flux equal to t%m . Honoe

%ﬂ = He4THV (N}

where %o 15 the total normal flux per unit area i.e. B,
A

Hence Bz H # M&v‘ xHe dard,
2 § ¢ 47kH o H(1+47 k)

““E = led7k

(2.9)

or //uhﬂk,andkn/’f;}*

whilat permeabiiity describes the amount of flux through a unit
oross section of a subatance, relative to the flux through the same cross
ssotion of free space, susceptibility describes how stropg & wognstisation
Xa given magnetizing field will produce in a substance.

It is apparent that these two Qquantities, relate to somewhat
different aspects of maguetic charasters of matorials, These quantities have
specific applications in magnetic exploration, The magnetic ptrength and
hence the debeotability of & magnetic body such as a dyke depends upon the
Sisceptibility of the rook, forming the dyke or more precisely upon the
contract in susceptibllity of this rock £rom that of the surrounding rocks.

DiMGGHETIZING PAQTOR ¢+ = When o magnetis field is epplied to a body, free
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magnotic poles appear at both ends of the material producing a field in

a sense, vhich opposes the gpplied field, Thus the effective mugnetio field
Hef¢ differs appreciably from the spplied external field Hex. The demagneti-
sing field Hy arising from the f1we poles is generally not unifora and
depends upon the distritution of magnetigzation and the shape of the ferro «
aggnetic elements, Kowever as long as J is uniform, By is proportional to

J and the direction of the former is opposite to thet of the latter, Thus,

(2010)
(3.11)

Hogt = Hygw Hy --
ad Ry = W

Hers N will be appropriately called the Gemagnetising factor and
will depend upon the shape of the body,

ORIGIN OF MAGNETIMi= The origin of the megnetic moments of nmaterials can b'
traced to the moment of the atoms of which j:ha;y are composed. Revolving
slectrons inside the atons, being equivalent to a ciroular current behave like
a magnetic shell or a tiny magnetic doublet possessing a magnetic moment,

The flow of a current 1 in an electrioc olrcuit of face area 4,
produces a magustic £isld equal to that produced by a magnetic shell of
moment AL, glectrons sech of charge e (e.mu,) revolving with an angular
velooity v ( = v/r), atout ths positive nucleus of its atom wuld oonstitute
an electric ourrant of ebrength i = nerw, where n ig numbar of elestrons per
contimeter length of the elrcuit,

Now since r 1s the radious of the ciroular #ircult nuaber of
sloctrons per centimeter will be given hy n = A

T,

Benoe 1 2 gg’ M g.mu,

3n

Thus the magnetic moment of a rotating electron considered as o
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sagnstic shell is

Mz o npd g n%_

FIG]

A8 seon in figure 1, an electron moving in an anticlockvise
direction constitutes a current flowing in ¢ clockvise direction, Hence the
nagaetic moment M is directed perpendicularly to the plane of the peper and

"Mo it,
Purther, if mo 4is the static mass of an electron its mtion gives
/ a anguler momentun equal to Rorw, gnieh is perpendiculsr %o the plane of
the psper, snd directed upvards. Tims asgnetic moment per unit momentus

bo~de szl e

CYC VR s -(2.12)

The negative eign implies that the mtic mwmant is directed
oppisite to the angular momentus, In order for the slectron to remain in
the orbit, the micleus mist excert a foroe of attraction on the electron,
vhich will furnish the necessary centripetal force mwdr,

‘Aseording to Bohr's theory, angular momentum of sn electron can
have only definite velues, which are miltiples of B/2 , whers h is the
Plankk's constant. Hence Magnetic moment corresponding to angular momentum

sxp (2.13)
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where p is identified as the asimuthal quantum number, and has

valluos 1’3'3 sseee 8LC, Dﬂl’; ‘
Hence the smallest amouat of mognetic moment of an orbital motion

of an electron is given by

afh o 1.6 x10°% 56,63 x 10727 «20
S e 3014 x 9.10 x10-40 = 0,974 x 107 em

his quantity is called s 'Bohr Magneton' and is the ssallest unit

. of maghetio moment svellable £rom e fundamentel partiole.
The rabio of the angular momentum N of the orbital motion of an

electron to the magnetic moment m 1s given by

O?”E“%

on the otherhand the ratio of the angular somentum of spin to the

sagnetio moment ie By

q'g:-n-!-
]

That 1s, the ratio in respect of the spin ip half of that in
respect of ita orbital motion,
aomrally speaking, the magnetic woment of an atom is caused
sither by the spin or by the orbital mtion of electrons, or ky both of
thes, Hsace the ratio of the magnetis xoment to angular momentum of electrons

vithin sn atom con be expresecd by

o—ul‘.:e-:mnzsgsz reemree (20 14)

The quantity 'g' is the Lande's factor which gives the rate of
contrimtipn of the spin and the orbital motion to the magnebic moment

01‘ a‘boll.
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CLASSIPICATION OF MATERLILS

Stern and Gerlach verified it experimentally that all atoms possess
s magnetic moment, Therefors, all materials fundamentally composed of atoms .
should be expected to be megnetic, However, it bas been found that different
materials behave very differently, when placed in a magnetic field, On the
basis of this behaviour materials vill be classified magnetically es follows;-
W"":} If a magnetic field of flux density B is applied, perpendioular
%o the plane of the paper and upwards in figure 1, it will exert a megnetic
force Py equal to ev x B = ewrB, whioch sccording to Fleming's lofi hand rule
will be directed radislly invard along the radius vestor r, Thus the orbital
radius of the slectron is ioducid and ite angular velooity is inoressed to vi, .

for s given B, The totel force which the attraction of the nucleus must now ' . .

| Heice Mov3y = vy dp - ow; 1B,

OP WiaWw X AW S 2&'_‘__
.g(\ilﬂl)

However, even for the strongest magnotic fislds which are achieved
in the laboratory wy will differ but little from w, end can thervefore, be
teken to be equal to d it approximately

Therefore, Av = %;o B - (2.15)

Aw is positive in this case. If in figure 1, tho electrons were
soving in the clockviss dirsotion ( i.0. current in an anticlockwvise direction)
The angular velooity of the electron wuld have decreased by-‘i:: B

On account of thie change in angular velocity, the angular
somentun 1s made to precess { Larser precession), with a velooity of precession
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squivalent to w. In fachk all electron orbits in the atom will precess
forning a large merry go round, resulting in an additional orbitel angular
momentus 2Ap of the whole atom, given tyap = IAwy where I is the effective
moaant of inertia of all the electrons in the atom. Hemce

Apﬂxs?‘; B - , e (£TOM B15)

Fron equation (2-12), we know that this chenge in angular memontum
Ap will reslt in a change in the orbital magnetic moment mor, where
Amgr = =(0/2m) Ap
2 T(9/205)% Bomemmemee (2-18)

Thias A myu can be lnterpreted as an induced magnetic moment, whose
direction is opposite to that of the applisd magnstic field as shown by the
n_ogauvo aiga, _
| In materisls whoss atoms have a net zero magnetic moment in the
absence of an external magnetic fiald, thes spin and orbital magnotic moments
of the electrons add veotorially to sero, When a magnetic field is applied
the induced magnetic moment of each atom is given by (2-16), and it is in the
direction opposite to that of the applied field. Hence, the resultent flux
density in the vioinity of the atom is amaller than that due to the applied
field alone, and tims smaller, than it wuld have been if the material had
been abaent, and the space empty, Evidently such maberials will exhibit a
negabive susceptibility and arve called ! dlamagnetict.

The dlemegnetic susceptibllity is given by

2
N8
k= “g;o 2y - — L )|

where N and r,3 denote respectively the mumber of atoms in a unit
volume and the radius of the orbit of an electron from the centre of the
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nucleus,

The above relation shows that diamsgnetic misceptibility is
indepondent of the temperature. The theoretical considerations also show that
dth. temperature brings ahout agitation of atomg as a whole, it does not
affect motion within the atoms, |
panaagnErzé P Y

to all materials, However, in certain materials, diamagnetic effect is masked

‘The above disoussion shows that diamagnetism is fundamental

by other stronger phenomena of paramagnetism and ferromsgnetism,

If the magastic Homeat Of electron spins and orbitel Mtion in atom
of wome materials do not add.to %010, the atoms will bave a saall net sagnetic |
monat, and wiil meth experience a torque if a magnetic field 1s
applied. The tendenay of thia torque is to align them i.n the direction of the
field, which wvill be the gbate of minimim potential energy. The total lagnetlee
field will thus have & greater magnetic flux density. This effect is called
paramagnetiss, which, although the diamagnetic effect is still present,
predominates, belng stronger,

Parafagnetis materisls have thercfors, a small positive suscepti-
‘bility given by

7% |
kngkr u%

(2.18)

The intensity of mugnotisation for such materials is given by

B4 8 »

where (. 1s the magnetic moment per atom, N the number of atoms
in a unit volume R , the Boltsmann's constant and T, the absolute temperature.
This is Curie's luv end the constant C = g%t- 18 called the Curie constant.

The above law shous that paramagnetic sisoeptibility is inversely
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proportional to the absolute temperature, which promoting thermal agitation
tends %o produce a random orientation of atoms, thus decreasing the parmamagnetic
susoeptibility,
Wﬁl” Z;V In tormhaamtic Raterials, interaction between neighbouring
atoms is a0 strong that the nqﬁqti.o moment of all atoms tend to align these
sslves against the disturbing ﬁérm of thermal agitation, According to
sxporvinents, the Lande's factor 'g' of ferromagnetic atoms is slmoast 2A:Ln nost
cases, indicsbing that Sheir megnetic momat originstes chiefly from the spin
of slectrons. It is to be noted that magnetic moments of the orbital motion
or of the q;!.n,‘bolonaihg to the closed shells should be mullifisd as a whole.
The magnetic moment of atoms ia therefore contributed by the electrons belong-
ing to the unclosed shells, Energy of interastion among neighbouring atoms
'mmsiatn ohiefly of (a) magnetic energy between electroms und (b) the exshange
eaorgy between them, which concems the direction of spin of the related electe
rons, a8 was derived quantun mechanloslly by Hedsenberg.0f Uhess, the exchange
energy usually predominates. |

It the total energy of tho stute where in tho spin of the electrons
in unclosed shells of the neighbouring aboms 46 parallel ( controlled chiefly
by the sxchange energy) attains the minimim value, the mugnetic moment of
~ these atoms becoms parrallel, producing the forromagnetio character,
| _ The shove montioned effect of exchange suergy can be replaced by
a Wlecilar field, intreduced by Welss, in his classical theory of ferromage
netigm, | '

l,0, Mgpr = Hey ¢ W - (2.20)

vhere Hey here is givan by Hore of equation (2-10), J Ls the

intensity of magnetization, and W o constant, WJ showing the assumed solscular
tield, If we put K= (Hyy #W) in oquation (2,19) it becomes
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Jao M;_w . (2.21)

or Julu By ,

Al
3k (r.liﬁ..ﬂ )
Henoe ferromagnetlic susoeptibility

2
k = 1 = L’ﬁ-—n?- '
x Sk(g.na/fnﬂ y TT=¥%)
R

This is Guris « Uoise Law. The temperature \\/is known as the

{2.23)

Curie temperature. Bquation (2.23) shows that ferromagnetic materials become
paramagnetio at temperatures higher than the Curde temperature

It Hox = 0 in equation (2.20), H'gep .= W, showving that there
exists magnetizetion ingpite of there deing no extemal magnetic field.
This magnetization 1s called spontaneous mugnetizabion,
Magnetoorystalline nisot 2.-"\/' ~ A signifigant polat about ferromagnetio
materials is that they are orystals, having a regular lattice medsup of

atoms, Conssquently various magnetic charmsterstics of crystsls depends
on their direction, though the special case of an ieotropic character of maters
ial is assumed in Weiss Theory, For simpllicity we consider a orystal of
iron whioh is a body ceatred cublc orystal (Fig., 2 & ), PFigure shows
direotions 100, 110 and 111 in an iron crystal, Pigure (2b) and (25) are
plots batween & and J for iron und magnetite respectively, For iron we see
that 100 is the directlon of easiest magnetizablon, vhlle 111 is the
direction of the most difficult magnetisation, 7The reverse is the case with
magnetite for which 111 is the direction of casiest magnetization, and 100
that of mat difficult magnetization, This animotrmopis character of
magnetization in ferromagnetic orystals is called magnotdorystalline
anisotropy, and the difference of magnetd zation energy between the axis of
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the most diffioult magnetisation end that of the easiest 'ono is defined

as magnetoorystailine anisotropic energy.

2-vl,3-31d
omagnetiog~ Inspite of the axistance of spontaneocus

gture of Fe

magnetization, ferromagentics, sooled from a tomperature higher than their
Curie temperature in a fleld free space, have no magnetisation, 7190 explain
thia it is assumed that the spontaneous megnetication ypplied to domaine
vithin ferromagnetic corystals. Bach domain ia megnetiged to saturation

 evanthough no axbernal field 1o applisd. fonce, within each domain, uncompen-
‘sated electron spins have their magnetic moments, aligned parallel to each
other due to strong interatomic forces ( exchange emergy). If, bowever |
exchange energy were the only ons offective a domain would extend over &
whole arystal, ut there 1s enother offect, which tends to discoursge foma~
tion of large domuing, It is magnetostatic energy, which has a significant
magnitude, owing %o the gppearsnce of free magnetic poles, This effect tends
to minimige the potential energy, within the aysten and splits the domains
into parts with dlifte,rmt directions of anmngnetigation, The actual domain
pige represents & compromise between the disturbing and aligning forces, Size
of individusl domaina munge from 10~2 ¢5 1076 ¢,m,3 1y tpenettion layer

between tuo oppoeltely megnetlged domains s called ! 'Bl'o:ch vall', -
According to the domain theory tha direat:i.on ot easlest nmugnetisation
in a orystal is the direction of actual magnetigation of each domain, provided
that there is no oxternal magnetie field and the naterial is not sireined, In
ah iron orystal there are six dirsctions of easy magaebization, ( counting
both senses along & cubls odge), as soen in figure 2 a, In en unmugnetiged
orystal, doseins are msgnetized along thuse dlrections, more or leas &t
repdomy and the orystal as a whole produces no mygnetic flux, This is showm
in figure 3a, for a aingle iron crystsl, where the domaing hgve been idealised
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%o cubes, The resultant magnetic roment in each dowain is represented by an
arrov parallel to 100 direction. The orystal as a whole hos no magnetis flux
density,

On spplying a wesk magnetic field K, as show in the diggram, those
doBains vhich are most nearly perallel to the applied field H, grow in volume
at the expense of thelr nsighbours (Pig, 8 b) resulting in a net iwustfic

 moment in the dirsction of the mpplied fleld, If the fleld is removed, tbe
boundaries will go back to their original configuration, This is oalled
reversible boundary displacedent, and it is represented by part 4 of the
curve in figurs 3 .

- 1¢ the field becoms stronger, the boundarios continue to change, tut
now in en irreversible way and the flux density in the orystal increases, ropidJ’Y
for spall cbanges in H, till all magnetic domuins rotate and becowe parsilel to
100, as shown in figure 3 ¢. This is represented by part B of the ourve in
gigure 3 o, As it is difficult W rotate, the direction of mignetisation with-
{n the dumain, itself, a relatively large change in H is required to produce
o oertain change in B, 4s the fiaid ip further increased magnstic roments of
domains gradually rotabe until all the magnetlc poments are parallel to the
spplied £ield, as shown in figure 3 d, caualng soburstion, Thls situation is
repressated by part CD of the curve in figure 3e,
| Porromsgnobic neterials ave made up of a large nunber of cryatels,
which are rendonly orimtod, Each 1little u.tngh orystal ocontaine many
domaing, and theas domeins and orystals are randomly orisnted to give a net
flux density equivalent to cero as sean in figure 3f,
n:mﬁ;‘ ~ 48 has been disvussed already, if we contimicuely inorease the
mgnetising field H, the intensity of magnetigation reaches, a saturation
value Js, vhen uli domains are aligned vith their magnetic momnts parellel
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to the applied fiald, Afher this there is no inoresse in J for any inorease
in H. On decreasing H, however, it is found that magnetisation does not |
retrece, the path followed, by it when B was increasing, Instead it follows |
a curve (CD) shown in figure 4. Thus when H has bean completoly removed
the intensity of magnetization, has still a positive velue, equal to Jp,
This is called residual magnetism, rententivity or remanence.

If the direction of H is now reversed, the curve DEP is obtained, |
and resldual magnetization J reaches to sero, for a certain valus of Hz o He

calied the ooeroive force, A further deoreass in the magnetic field, results
in a negative saturation value at 2, 4dgain repeating the ayocle of H in its
original form, curve FGHC is traced. This phenomenon of the intensity of
Ragnetization lagging behind the Ragnetizing force is calied magnetio
bysteresis, and the closed cuyve CDEFGHC is called the hystereais loop,
Hysterosis is characterstio of all ferromagnetic materials, and it ig due to
the tise lag lnvolved in the wotation of domaing in thess materinls, in the
direotion of the epplied field.

!gnotoatx‘ioﬁgﬁri " 4nother factor conceming ferromgnstics is the
phanomenon of Magnetostriction, Magnetisation of ferromgnetios is umally
accompanied by t&ir Mochanlcal deformation, Figure 4 shows the nute of
olongation end contraction, along the three principal axes of a single
orystal of iron, as dependent upon ite magnetisation along the respective
oxes,

| Maguetostriction 48 interpreted as strain in the crystal form owing
to magnetio intersction, among atoms foraing the orystal lattice. On
spplication of en external magnetic field, the elagtic deformtion of the
oryetal lattice, is accompanied by a change in Dagnetooryetalline anisotropy
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chergy a6 well as the magnetoelastic enmergy. Hance sagnetostriction takes
place, % that there is a minimum change in the sum of these different kinds
of energies, Thus magtxut#zation of ferromagnetics is atrongly effected by
elagtic strain or stress, and if there ia some intemal stress in erystals, for
example dne to presence of some impurity, its nagnetization curve -.dll'ch'ango.
Effect of Grain aig'ég'- It has been saild atove that the ferromsgnetic orystals
contain ﬂla:rge pumber of domeins, If however grains become smgller t.him 10
(nincrons) diameter, the mumber of domains become very spall and domain
boundaries £ind themselves more deeply %rapped. Thus, thé magnetization induced
by an external field in fine grelned ferromagnetic material is rather less than
what would be induced in a coarse grained msterial, of equivalent concentration,
Moreover, when the fisld is removed, a strong residual magnetization remains,

when grainsize is so small as to form monodomain grains, dom;s.in
vall movement ceasos, to be & gignificent fustor in determing magnetic proper-
ties and magnetisetion ocours only by rotation of the unoriented graina. Since
gtrong energy barriers exist between the different directions in which magneti-
gation, is stuble, strong fields are required %o produce a chango. Also once
ohunged, the magnetizabion, does not retum tw its original state., However
these greins are extremsly susceptible tu thermal agitation, and magnetic
properties of sich greins are contmiled by interplay between the thermal
agitation and “he grainelze,

Neel has proved this theory experimentally and bas shown that
gugceptibility of monodomain grains increases vhile remanence decreases with
decreasing grain sige untill a criticel value is reached, when the thermal
agitation, maintains vhe magnetizavion in completely free af;ato. In this
condition, a material behaves as a paramagnetic substance, and it is called
superparadizgnetic, Such grains are submicroscopic in size and are only barely

4
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visible under the electzon nicmefope. Pigure 5, shows these results,
AITIREKOMARIETICY % I8 has besn found thab certain materials, bshave as
paramagnetic substances at ordinaxy temperature, but thelr suaceptibility

takes a meximis valus st a certain temersture Ty, at which an abnormal value |
of smpeocific heat 1s aleo found. The porﬁicular temperature is called « point
or Neel temperature, The magnetic state at temperatures, below T,‘, caa‘ be
attributed to the oondition that spin of neighbouring atoms are antiparallel

to one amthér oving %0 a negative exchange energy. This state is called anti.

forromagnetism ascordingly, and substances exhiditing such charaoterstics are
called antiferromsgnetic, |

Figure 6b ahows an arrungemsnt of msgnetic moments of antiferromag-
nebic crystals acoording to experimentul results of diffraction of neutrons by
these materials, showing an sntiparallel coupling of the spins,
W L It has been found that oertain materiels having spinel
structure possess a bshaviour »aimﬂar to that of the ferromugnetica, |

Generally, 8 molecules of 0, form gomprise one unit cell resulting

in Xg (¥26)032 for normal epinel and g (Xa¥s)0p2, fbi reverse spinel, where
8 metallic ions outside the bracket cocupy 8a sites, and 16 lons inside, 16 4
sites, .Figu‘u 7 showas cne fourth part of a unit cell, where 8a sitis are
surrounded by four Oxygen ioms tetrahedrally, while the 164 sites are surrounded
by 6 Oxygen ions ootahedrally,

| For mynetite (Peg0,), 8a sites are ocoupled by 8Pe?*, while 164
sites by 8re* o 8Fe*’, Neutron diffraation anulysis reveals that the
Bagnetic monent of Fe at 8a sites and thet at 164 sites are in the opposite
directions. That is, magnetite hae an antiferromugnetic charecter, HRowever
the mugnitude of magnetic momenta at two different corystullographic sites
differ fxom each other resulting in the appesrance of a spontansous magnetic
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moment as a vhole as shown in figure 6o, Such mognetism is called
ferrimagnetiom,
Paramagnetic susceptibility of ferrimagnetios above the curie
temperature does not follow the dmio-weiaa law of ordinury ferrom.gnetics,
but varies acoording to a hyperbolic law in the fom of

bod ohe o T (2.23)
kK O

k, Two
where ¢ is a theoritical Curie constant of ions present and koy T and
©depend on the magnitude of mnzneﬁic interaction bestwesn tho matallic ions,
Almat all ferromagnetic minersls containod in the rocks are,
strickly epasking fermimagnetics as defined sbove. But hiecause their behaviour
at ordinary temperature is sinilar to that of forromagnetics, thﬁ ! term
'forromagnetiam’ 1is commorly amployed f£or farrimagnetic minerals,
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SRAPTER_I11
2mxyd=il,b=il

Sinos rocks are sssentially aggregates of various mineral grains, it
is necessary to study the magnetic properties of minernls in order to understand
thoge of rocks, Rockforming minerals can be classified into three main groups
based on .thei.r magnetic pmpo&&n 1.0 diamagnetic, paramagnetioc and
ferrimagnetic,

S8ilicate minerals, whioch constitute the greater part of ordinasry rocks
are either puramagnetic or diamagnetic, depending upon the presence or absence
oz 1¢*3,06*3, ur*? g0, in thelr orystul stwucture, Jarts and felspar are
typical diamegnetic minerals in rocks where as olivines, pyroxenes, snd blotites
are the comonest paramagnetic minerals. Natural ocgurence of ferrimagnetic or
sntiferromagnetic silicate minerals have not s far been reported. Therefore,
the various ferromagnetio sharacterestics of ks can be trased principally
to the ferrimagnstic oxides or the sulphide minerals, which are scabtersd
although in very smsll proportions, in the praotically non magnetic silicate
ninerals,

In gll practical problems in which rock magnetic studies are of help,
we are interested only in the ferromagnetioc character of rocks. Therefors, the
study of ferromsgnetic minerals is of great importansce. The minerals
responsibie for the ferromagnetic properties of rocks belong predominantly
to the termary system PeD-Ti03-Feg0y (Fig. 8 ). among sulphides, pyrrohotite
{s the only important megnetic aineral,

The composition of magnetic minerals in igneous rocks is governad
by the composition of the parent magma and the physical conditions operative
during oooling, Orystelliszation of magnetic minerols, umally ocours above
the Curie point, comwonly between 1100°G and 800°C. The gratinsise depends upon
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the rate of cooling during orystaliisation and ranges £rom 0,05 t0 1 M., 4n
voloanio socks, However, in plutonic mocke orystals of even 1,00 m.:, oOr larger
size are not dncommon, '

Magnetic minerals are rarely homogenecus, and say involv several
phases, either owing to exwlution or due to replacement or alteration, This
inhomogenity has to be token into considerstion, whils investigating magnetis
propertics, ,

The main mognetic minerals and thelr interrelation in chemical composi-
tion is shown in the figure Ho. B, Imporbant megnetic propertiss of thess mine-
rels are given belowgw
Magoetite (Fagd)s It is the most important ferrimagnetic mineral in rocks,

It has inverse spinel structure, with cell dimensions s = 8,39 3. athough
optiocally lsotropic it is magnetically anisotropic, the (111) direction being
that of the easiest magnetization, and the (100) direction being that of the

most difficult, Its ourie point is 5,78°C, and its saturation magnetizetion ab
room temperaturs is 92 to 93 e.m.u./gram.

Ulvospinel (PegTiOq) 1~ This is aleo of inverse spinel structure, I is not
found as natursl orystals, Ut occurs intergroun with megnetite. I exhibits

parasagnetism abt norml temperstures,

, - Those form a complete olid
solution atove €00°C, tut exeolve at lov temperuture, ferrimagnetiem decreasing |
vith mmdnz Uivogpinel part. ,
Haghamites ( Fez03)t~ It has inverse apinel structure like magnetite, but
inverts to hematite betwesn 200 to 700°C, Its saturstion Magnetisstion is
83,5 e.m.u,/gram, | | | |

Hematite ( Pez03 ) s = It has @ rhombohedrel structure, Individual orystals
ere paremagnetic in the direction of triad axis, but exhibit & very weak
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ferromagnetism perpendicular to this axts, For all practical purposs this

can bc' taken ss paramagnetic,

ILMANITE (Po?405)se 1t is aloo of rhombohedral form and is antiferromagnetic,
with & Neel® temperature of about 100 to 150°C. Usually it shows a smell un -
balance in theoritically perfect concellation which gives it e saturation
magnetigation of about 0.2 @, Mu./gram.

Purzhotites~ This is the only sulphide mineral shoving forromegnetic properties
The structure is defective in iron and should bte written ae Pey « 7 5, but 1s
usually written as FeSy1%; whore 0<x<0.14, It becozes paramgnetic st 30070
Below thia temperature it 1s antiferromagnetic for 0< x<0.09, and ferrisagnetic
in the remsining range, with saturation maguetiszation of 300 to 335 e.mu./gram
HGES 43 ZRIMINATIS SIBSTAGH= fodke usially contaln some amount of
ferromagnetio grains in the form of f£ine particles, disperssd throughout the
utriz of paramagnetic or diamagnetic silicates, Because of the pressnce of
these particles, the tulk of rocks show sharacteristics of ferromagnetism,

such an mnuﬁio hysteresis and curie temerature, although the intensity of
mnntiaatiqn. pay sometimes be not mish wore than that of paramagnotics,

_ ] o JIBILIZX 2~ Since the ferromagnetic minerals in rocks .|.
are diopersed as fine particles, a self demagnetising £ield comss into pley
in every particle, when sn external field is spplied. The magnitude of this
£ield depends upon tho shape of particles., Hence the susceptibility of rocks
deternined in the laboratory are not true sugceptibilities, but the apparent

magetic susceptibilities kj.

I vwe assunme that each tnmmﬁlc grain is surrounded by o hoikow
oavity in the contimious phase of the rock, the effective megnetic field in
the hollow cavity, Heff, can be given by

#It 1s the temperature at which an antiferromagnetic substance has maximus
sisceptibility,
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Hogt,Cave * Heg = (LaM)J) whors J = ky Hoy =wweme(3s1)

Hore L and M are demagnetising factors of the 100k specimen and of
the cavity respectivaly,

It Bete, Lu the effective magnetio field, Ji the intensity of
magnetigation, k the tiue susceptibility, K the demagnetizing factor of e ninglﬁ

ferromagnetic grain, axd p the wolume of the ferromaguetic msterial in the rook
then

Hote = Bytp oy, = W1 = S— ' )

vhere Jy = k Hygp, and J = pJy (3.3)

By combining (1.).(2) and (3) we get the folloving general expressicn
for the apparsut magnetic susceptibility

. ok .
'kA 1*@14(!—14)9}; -

If p << 1, .0, mtual Gugnetic interaction amng the ferromagnetio
| grains can be igoored, equation (3.4) reduces to

ku, pk . . s (Do B
A sk (8.5)

vhere specifis susceptibility is ueed the expressions (3.4) end (3.5)
can be written as followm=- |

XA’E‘. o ~3.% ) S N )
(a 1*§ B (403 ¢/ |
N e (37)

where ¢4 { and q are respectively the speoifio gravity of the
rock that of the ferromagnetic minersl und the weight content of the latter,




Deptt. of Geology & Geophysics ~— _~ 3i University of Roorkee

: 1 = Several
attempts have been made to formilate statisticsl 'lavs' relating the alk
susceptibility of rocks %o petrological paramsters.

Money and Bleifuss, after studing rocks from Minnesots, derived a
relation, betwesn, bulk susoeptibility end magnetite content, found by crushing
magnetic separation and chemioal analysis for iron, which is

k= 2,89 x 1078 T camwemmmmmee—(8,8)

where V 4is the volume percentage of magnetite.

Bulsley and Baddington have related tho susceptibdility of a muite
of adirondack 1woke to the frastional volums of all minerals visuslly identified
as magastite ( which inglude Pe=Ti Oxides of spinel structure). Their relgtion
gives ’

k= 3,8 x 1079 {3.9)

A sinilar relationghip hag been determined by Barth from the analysis
of mgnstite bearing iron ores, His findings give
k= 1,16 x 10~3y (3.10)

vhere ¥V 1is voluss percentage of magnetite determined hy magnetie
separation,

The discrepsncy in the constants of the above three equations may be
uttrituted to the fact that the ferromgnetic minerals in rocks are ususlly
not pure magnotite, Wt nave a fairly varied composition. Besides, the

nagaetic suscepbibility in wask fields is strongly influenced by the size and
shape of the partioles as wll as by their internal stresses.

magnebic sisceptibility of rocks in weak fields depend on the kind and the
abundance of ferromegnotic mineral grains and thelr size in & complicated
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mgnner, the following general conclusions can be drawns~

(1) Basio rocks have greater mugnetio susceptibility than o.cidio rocks,

(2) Susceptibility of woloanic igneous rocks ranges from 10™% %o 10""3 oma

(3) Susceptibility of plutonic ignecus rocks ranges from 107%to 5x10~°
R,/ 04 04

(4) Susceptibility of mebamorphic rocks 4s from 1079 to § x 1074 o.tl.n/c.cﬂ.

(5) Susoeptidility of sedimentary rooks 4s below 10*5e.m,u./sec.

6=1
The following table, which gives susceptibllity of commmn ook types
will further corroborate the atove obaervations,

1. Igneous Fooks®

Granites . 0.00003 %o 0.0037 14 samples
plopite 0,000046 1 satple
olerite 0,000078 to 0,0043 8 samples
(Ddabase)
Basalt 0.00068 to 0,0083 8 samples
Peridotite 940125 1 sample
2, Metamorphie Rcke |
Gneloses 0.00001 %o 0,000 | 3 saxples
Sehisbs 0.00026 to 0.00034 2 samplos
Slate 0.000039 to 0.,0080 3 samples
amphitolite 0.000058 | 1 sample
Serpentinite 0.00028 to 0.014 R samples
3. Sedimenbary Books
Limsstones 0000004 1 sample
Sandstons 04000005 to 04000087 2 samples
Shale 0400004 to 0,00005 3 sanples

% Bagicity increasing dowawards,
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OCKS + = It has been found that the
susceptibility of & rock semple in all direstions is not the same, This
anisotropy may be dus to (1) shape of the magnetic body or (2) regular
orientation of magnetically anisotropic orystals. Animotropie magnetie
susceptibility 1s a tensor of second rank kiys Therefors, with anmalogy to
‘the strain ellipsold it can be represented by & susceptibility ellipsotd. The
inverse square ( 1/VF) of the length of the redius wector of the susceptibility|
ellipscid is equal to the magnitude of susceptibility in the direction of the
radius vector,

Ising has reported that the mugnitude of susogptibility is maximum
in the bedding plane of the sediments, snd minimus in a direction perpsniicular
to 18, In the case of Betamomphic rocks, the Naximis sisoetibility vill be
in the plane of foliation. Tha degres of anisotropy is expressed by the ratio,

Paax/ain = M.....__.__A“k ~ EA.m

(3.11)

This ratio usmially lles butynn 1 and 1.9 and rarely exceed 3,
Igneous rocks, lvd.th the axception of layered intrusions may safely
be consldered as nagastically Lsotrople. |
' R ROK focks show the hysteresis phenonena similay
to that shown by the ferromsgwtic minerals. In rocks saturation of
Ragnotisetion 1s atteined at or ebove 3000 to 4000 ossteds. The magnetic
hardness of rocks vary widoly dq:mdinﬁ upon the grain size, the internal

stresses and the intrinsio propertiss of ferromagnetic gruins contained in

them, Usuglly the cosrcive force of ignecus 1ocks is & few bundred orested.
whereas that of hematite bearing sediments amounts to over 1000 osated.

The demagnetizing factor N of greins play an important role in the
hysteresis cdrhsa.ﬁrz'a‘_:olhtue:rrsr;tvhc of mocks. The hysteresis ourve for
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Iommm aineral graina in rocks is flatter than the hesteresis ourve
for the ferromggnetic mineral itself,
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A mamdber of methods have been developed for the quantitative determi~
nation of tﬁé zagnetic suscopbibility of rocks. Host of these are mainly
daboratory techniQues, ut some of them can be used in the field M. Since
the strongest magnetic minerals possss about one e.mu, of susceptidility it
is custmary to employ one millionth part of this unit in practical work, and
extremely sensitive ingtrumnts are required to meagurs this small quantity,

&  BEVIEN OF SABLISRMETHOIS
L. MAGHETOMETER METHODI
6wil
(a) Xoenigubarger's Methods~ The instrument used is a simple unifilar

magnetometer, consisbing of a megnetic needle 10" long and 0.3" in diemster,
attached at its ceutre to a fine torsion fibre of about the same length, The
deflestion of needle ie meamired with ¢ mirror and telsscope aystem. The
ssmple to be tested may be eithor out to a suitable size and shape or may be
pulverized and put in o testetube. Thip sample 1s brought within a few

owmtinaters of one of the polos of the magnetic noedle and the resulting

deflection 1a measured, |
i-ii

4 otandurd sample® of knoun sugoeptibility is then put in place of |
the test sample, and the deflection of the needle 1s obaerved. Singe deflestion
s direstly propordional to susceptibility for a given separation £rom the needle

prr——

* In most of the susoeptibility determinations, ferric chloride is used as a
®andard safple. It sisoepbibility is given by k(mass) = (p/100)He(1-p/100)E,
vhers H= 90 x 105 13 naus msceptitllity of pure ferric ohloride, K, = mass

ﬂ;“c:pgih‘llity of waber = «0,79 x 10*¢ gnd p = percent ferric ohloride in
%0 D
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ond ¢ given controliing field, A comparison of the two readings vill ¢give the
sipoeptibility of the test sample.

The controlling fisld in the above experiment 1s the earth's horisontal
component, which orimts the needle. If a bar meguet of strength slightly
smallor than that of the sarthts field is placed balow the needls in sach &
vay as to oppoos the earth's £i¢ld, the comtrolling field is reduced $ias
inoreasing the sensitivity congiderably.

(v) Wi Conparison with a standard sanple as a
noons of measuring suaceptibility has been alsc employed using o high senivity
Askania Vertical Magnotomster. The procedure is the same as in the Kosnigsberger
msthod, The sample to be tosted is pluced on top of the magnetomster above the
north pole of its magnetic systom, Reudings ave taken with different faces of
the sample in contact with the top of the instrument, and aleo with & standand
sample, Susceptibility in various directions is calculated by finding the
appropriats ratios,

{0) MWM - This instrucent congists of two
nagnsts of nearly equal strengbhs foming an antiparsilel arrangement, The
inoressed time period of this system produces s relatively high sensitivity
The wuparimn wethod oublined above cab also be used with this instrument,

Disadvantages of the Magnetomster Hethodss~ It has boen obssrved that & specimen
should have the dimenaiong of atleast 8 c.e. in order to produce a deflection

«ual to the tahqoritloaua' predictable deflection produced by one of infinite

thicknoess, Qite large samples are therefore required, whilst using the
magnetomaters,

(11)  The mognetometers are very sensitive to outside magustic disturbanoces,
and may therefore be affested hy fortuitous megnetic fields.




Deptt. of Geology & Geophysics - o 7 University of Roorkee

IT. SQLENQ.ID METHODS s
1-vi
(a) Loring's Two Solenoid Methodi~ In this method two solenoids

1dentical in shape and size are mounted symmetrically on eitber side of the
lover magnet of an astatic magnetic system as shown in figure 9. One of these
solenoids carey e umnda.w winding through which a measured current can be
passed. The solenolds are connsocted in series, with near poles in opposition,
They are set 20 that with a certaln current flowing through thelir primary
windings, no deflection is produced on the magnetic aystem, With the current
gbill filowing, a test sample is than put in the solenoid which is sirrcunded

by the seccondary winding. This causes a deflection, which is neutralised, by
floving a current in the secondary winding, The current required to neutralise
the deflection provides a meacure of the indiction in the test sample, from

vhich its susceptibility is obtained,
2=x1i .
(b) Balldatio Msthods= This method is based on the principle that the

total electrio charge 1nduced in & search ooil as a result of the change in
magnetis flux through it produced by reversing the appliod £ield can be measired
‘w weans of a ballistic galvamoneter. In figure 10, Ly, Ly and Lyy Lg
constitute two mtual inductences My and M;. Ly is adjusted till the induced

o fs in the secondary ciroult becomes nearly sero, so that K~ MH,, The
specimen Ls than inserted to form the ocore of the mutusl inductance "z' Ay
imbalance of induced exf is corrected by the Sransformer T, l'ho field in
whloh sucosptibility is to be detormined oan be prodused by a megnetising codl N,

For masiremonts, the ourrsnt A through Ly and Ly is reverssd by means

of a meroury pwitoh and the resultant defleation of the galvunomster is read,
The elsctric oharge 4 induced in the secondary cirouit is given Yty

= 3R (0 Ha )
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where ( = led 7V ke end /3 { for mpase)

Here R is & constont dnp-nﬁing on the resistance of the secondary
cArcait, s the effective oross section of the ingerted specimen, A the effectivel
oross section of the ¢oil Ly and C a congtant depending upon the dimension of
the specizen with respect to that of L, Thus ve get & relation betwesn k and
the deflegtion of the galvenometer & as

k= Qﬁg -

vhere ¢ is a small constant which sppears vhen Ny is not exactly
equal to M3, The sensitivity R is calibrated with a standard sample,
Advantages of tha sbove mothod over Magnetomster Methodm~ (i) The necessary
| sige of the specimen is considerudbly reduced,

(11) By placing the ooil system perpandicular t¢ magnetic maridian, changes
in the oarth's fileld can be elimingted,

(111) Magnetiping £ield im ab our contml end heace complete hystereais loop
o be studied, |

ni-advmtgeegg. It has been found that in wesk fields, induction does not
attain its maximun velus vhen the magnetising current 1s aktered dus to
magnetic oreeping. This time lag 1s pmﬁ: very large.

III, ALIGRNATING CURRINT METHODS
6111 '
(s) Barret's Inductive Methodi= This is one of the earliest i.C.Method.

The inductence bridge is showvn in figure 11, Two arms contain pure resistances |
Ri and Ry, The third arm oontains a variable inductance Ly together with a
test coll for holding the sample. The fourth arm oontains & tepped industance

L3 and a variable induotance Ly, In operation, the bridges is first balanced
for »D.c. by adjusting rs and rebalenced for 4.C., without the specimen, by
adjustoent of Ly vhile Iy 4s seb %0 sero. The specimen is then inserted, and
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resulting galvanometer deflsction is balsnced out by adjustaent of La, This
change in inductance gives the susceptibility of the sample,

*ley
{b) Patarson's Methods~ Ry this method susceptibilities of roocks in

situ can be measured, Induotance of a ooll carrying a current is first measured
in fres space, with the halp of an indugtance bridge. The coil is then placed
on the face of the rook under investigation, The change in inductance tims
produced is a moagure of the susceptibility of rock. A4 calibrution curve is
used which gifea the shange in micmhenri;_ii i.i:; ’t:’em of susceptibility,

(e) Brucks (gbhods~ In this mothod, magnetizing
ficld is produced by an alternating current of 50 to 60 q/s by means of a

Helaholts coil, Within this field @ coll former is rigidly mounted carrying

threo vindings Ly, Ly and Ly (See figure 12). Coils L, and Ly form an astatic
©0ll system and are designed to pickup equal amunts of e.m.f.'s and are
connected in series opposition, |

" In a uniform megnetic field H, parailel to the axis the e.m.f. across
the twin coll aystem vill be serv. It {s gensrally necessery to put s small
condenser parellel to L3, in order td concel perfectly the complex e.m.f.'s
produced by the L; and Ly coilw. A rock sample of cubio shape placed on the
axis of the double coil becomos an alternsting magnet. The e.m.f.'s seb up
in L3y 8 coll of few turms connooiad to a potentiometer, supplics a reference
oL, , against whioh the e.n.f, due to the alternating rock megnet is balanced.
The detector G consists of s tuned high guln amplifier, and a tuned vibration
galvanometor. The e.m.f. produced by the sample is proportional to its
misosptibility and can be calculated by the potentiometer roadinge.

(@) = The above authors have
slightly mdified Brucksahw's method to measure susceptibllity of rocks at

differeat frequencies. (fwom €0 to 2000¢/sf. They bave used @ third winding
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of 500 tnma connscted through a potentiometric arrangement, in series with

the doudle il to obbaln greater gocurecy in compensation, They used a Tektron
~ix 317 oscilloscope to Reasure e.m.f, produced by the specimen in double ooil.
The samples studied were of cylindrical shape, with & radius of 1.1 cem and
length oqual to 2,2 o.m placed at the ceatre of the double coil,

B, IAE.RRESENT MRIHOD

The spparatus used fo‘r the prosent measirements, is als a wdification
of Bruckshaw's method, Instead of 50 o/s kowever, the measurements vers made
ab 529 o/s.

Ths equipment consists of an energising pair of Helaholts coils) &
search coll* a compensating 0oil" S0 backoff the primary field in the search
coil, and the measuring bridge end dectestor. The various coll formers vere
mhi;xod by /8 PIS Lid. of Porkes, sccoxding to our specifications, and the
entire systen was assemblod in the department. The zsasuring bridge was ale
designod in the depurtment, but owing to lack of workshop fecilities, its
Labricution was handod over to W5 Klectronic sppliences of Woorkee., The lattof
aloo wired up the amplifier for the detector, which is wholly transisterized
o conglabs of & tuned amplifier at the working Lrequency.

THR SNERGIZDIG SXSTRM 1 » The energising systom consisted of a Helmholts coil
assenbly (sce photogx;aph No.1) having 100 tums of 20 s.vw.g. snamslled copper
wire, The radius of each coll was 22,86 c.ms Tho 00ll system uas made entirely
of sbonite. The easrgising £icld uas produced by feeding the Heluholts coils
fron a PHILIPS power amplifier, which was in tum oxcitied by a PHILIPS beat
gremency oscillator (See photograph ¥o.3). A sinupoidal current of 138 m,4,
vag necevsary to produce a peak field of 0.5 cersted at the centre of the coll |
eysten,

*Detn,iliot vuimis colls are given in gppendix 1,



7 e W L




Deptt. of Geology & Geophysices il 4 4 University of Roorkee

SKARCH GOIL, t = 4 search coil having 2000 tums of 40 s.v.§. ebamslled oopper
vire vas rigidly attached %0 the bsss, 0 as t0 be cosxial and concentrie vith
the Helmholts 00il aystem, (see phtograph No, 1) This coil was provided with
eight tappings to permit calidration of fractioms of the total field or e.m.f.
The coil former carried a cireular alotoal She ceatre, in which  oiroulsr dise
earrying a test sample of cudbio sh-ape ( 1" x 1" x 1% ) could be fitted, The
aublc rock ssmple thus watomatically day at the centre of the system, vith

one of Ats axes ooaxial to 1%,

GOMPARHRLTING Ok ¢ » &iace the sesondary field produced by the test sample
pluced ia the Sagnatic fisld o the Belmholts ooils wae $00 small as coNpared
to the primary field, it vas necessary to cancel the primary field in the
searck woil, This proved to be Guite a Aiffioult task, ut was achieved gfter
a lot of trial and error, A eompensabting oo0il of 3330 turms of 40 s.v.§.
snanelled ovpper wire with an adjustuble centre was placed above the upper
Balaholts coil (see plotograph No. 1), and wvas joined in series opposition with
the search coll, With the help of & stud and slot arrangement, the former owMA
be adjusted o as to anmul wost of the e.m.f, picked up by the ssarch eoll,
™e e.5.2, induoed ia the search soil axd the compensating ooil vill
be meinly isphase, but ooutain a ssall Quadrature oﬁmnutk., due to the self
caproitances of the colle «nd lesds, To compensste for this an imductomster
wus used, whoae primary formed a part of the energi.ing ocirguit as showm in
figure 13, lHowever, not mich suecess vas achieved oving to the limited mutual
inductence available from the axisting industometer in the laboratery. HRenee

the remalaing uneompsnsated e.m.f. was read on the potentiomster and treated
&8 B89 SYIOY.

REZANECR I 1~ A small 00il of 775 tums of 34 s.v.g. enamelled copper wire,
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PHOTOGRAPH KO, 8 EXPsRIMANTAL ST UP FOR THE
MEASURMMENT OF SUSCEPTIBILITY

Ao Oscilln.tor

B, Fower Amplifier

C. Oscillescope
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oonnected to the potentiomster supplied a refersuce e.m.f. (ses figure 13). This
ooil could be rotated about a vertical and a horizontal axis (photograph Ne,1),
and by setting 1t in a certain position, a given e.m.f. could be obtained,

WW- For megsurements a bridge of Bruokshaw's design was
used, This oconsisted of a potentiometer of resistance R, flanked by two equal
inductances /2 each, and another potentiometer also of resistance R flanked by
two equal capacitances 2G, connestedecross the reference coil as shown in
Ligure 13,

When a resistance and an inductance are connected in series and an e.m.f,
spplied acroas them the phuse of the current in the clrouit lags on the gpplied
o, f., by an angle equal to twlf. It uL = R, this angle will be equal to
45°,

Similarly if, a resitence and a capacitance be connected in series and
an e L. applied to them, the phase of the current in the olircuit wvill leed
the applied e.mf. by an angle equal to tan™! ;é-i.» It wOR = 1, this angle
vill alsc be 45°%

Thus if the total reactance of each arm is equal to the total resistance
in that arm, the phase of the woltage drops over the vhole hength of the
potentiomsters would differ from the phase of the voltuge difference appearing
across the whole arm by 45° in the capacitance arm and by - 45° in the
inductive ara,

More over if the total impedance in each arm is mede equal, the ourreat
1n the twoarss would be equsl and differ in phase by W% That is VWAL E =

W or ub = /w0 or vViC = 1 .

all these conditions mentioned above can be written as wCR = WiCml,
vhers w= 377£ is the wrking angular frequenay,
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The two arms in parallel, however togetber bshave as & single resisto-
Boe #qusl to X This cen be varilied for two extrece volues of frequenay, 1.0
sero and infinivy,

If the frequensy of the opplied field is sero, the reactance of the
ospacitance branch tends to tafinity, and all current flows caly through the
induotive brench, which behaves as a aingle resistance R It on the othorhand,
the frequency tends to infinity, the motancs of the inductive branch becomes
mnnitalg latge and all current flows through the capacitive branch only,
which bebaves a8 & single resistance equal to R, Timis 4t gan be concluded by
inducbion thet the network es lvoked from ite comoon terdinals behaves os 8
pure resistance of value A |

How, if the relerence coil hes a resistance By ond en inductance Ly,
the phaoe of the voltage drop eppearing acroas the function of the two amms,
(aoroos 4B in figure 13) with reference Lo the s.MLey induced in the reference
codl wuld o given by » m“ a,‘) By suitably winding the ‘
reference coll this phass can be made mvma to ~45°, The woltage drop
sppearing across the potentiomstere in the capacitive snd the inductive
branch could then be resectively in phase and in Quadrature with the e.aL.
induced in the roference coil. The voltage vectors between various pointe in
the bridge oirouit are shown in figure i4.

in appMication of Maxwell!s analysis shows thab for balance of an

wnknoun o.0.L. LY ogeinst the roferende @,@.L. o the following conditicn
should be satisfied |

I M,,. By * ﬁu + R - B~ 1/JuC ®
loéa— - w—-’lam +BeaBebR "1; =0
l""!"' gibs o U oB-ai-bi -}

(4e1)

. (sedx)
or ;1 bl 2(BeRy)
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b

The sesrch coil is inserted between the two potentiomsters as shown in
figure 13, 4% ibalance, the e,m.f, across the search coil should be equal to
the difference of voltages bstveen the tappings of the two potentiometers, Thus
for the tappings r and s tovards the terminal A, the unknown e.m.f, o 18 given
by - % » which is directly read from the potentiometer diils,

Values for the various compoonts of the bridge ot 529 ¢/s can bo peen
in figure 15, which shows the circult of thebridge. Tne ﬁridzo vwas made for
meacurenents at 529 o/s and 829 ¢/s but for the preseat experiment it was used
only at 529 ¢/s. N
26S1.0F T BAIDOE- The bridge Was tested on a duul besh Tekbronix osoillosco-
pe ab 529 ¢/s, The ends YX' of toth the pobventiometers were sarthed, and their
teppings were connected to the two beams of the oscilloscope. The msgnitudes
and the phases of the voltages vers compared at the similar readings of the
tw potentiomsters, and wers found to be equal within the resding aocuracy of
the oscilloscope, Then the ends XX' were esarthed and ginilar results were
obtained, This proved syumebzy of the oircuit, f-ho squivalance of the total
impodance in each arm, and the linear acouraqy of the potentiomsters,

To check the relative phawes of the voltage on two potentiometers, the
tappings of cne of them XY, vas amtered and earthed, and one of 1ts ends conneo~ |
ted to one beam of osoilloscope, while the tupping on other potentiomgter X'X',
vas connected to the bther beam of the oscilloscope, the earth for both beams
being common, As the tepping on the pcﬁenbioutor X'Y' vwas moved from ome end
to the other, the Begnitude of %ho Yoltage varied f1om a maximum value squal

to that shown by the fiprst beam, ¥0 zero and then again to a maximum and the
phase varied froa 90° On ons aide of gero 10 - %0° on the other side. The

same results wers obbained when the roles of the potentiometers were interw
Mdo




21

VET/] dwy
‘'s/> 618 LY ALINUGILIIISAS %
-
\Y
' wI¥nsvIW 304 €IsN nadu m N .
. S0 UAN3T \m \2\/ ot o1 4
F o
Foaqye IJHL SO LINIYID DI¥LITTT YoM Furs 43,3
S76L0 78L0
I
i L;_T ° 26e O\QO H
@/Q A ¥ E—— A
R$Y74 J U bl ~ 0
— L_“ —O aseyduy O i}
97821 F082b4
Yues or wer p
Lo 3¢ 0
U e Uee
yws6 G2 341)ei1peny YwEEs 2
O- VW,
s 9be ué
uLo ﬁ
O O O'Id
628 626
- @, >>€
72y do z




.

N (XY

Deptt. of Geology & Geophysics -’ 5 2 University of Roorkee

These results confirmed thi_' aoocuracy of the bridge wvithia that-ot the
Teotronix oseillosoope, -
DELICIOR, « The Aetector oconaists of a transisterised high guin amplifier,
which was tuned at the wrking frequenoy and e pair of headphones. The circuit
of the detector awplifier is given in figure 16,
DETERMIDRATION OF SUSCEPIIBILITYs~ When no gpecimen is placed ot the centre of
the search coil, the e.mf. induced in the search coil will be proportionsl to
the field H, produced by the curremt flowing in the Helmtwltz colls, Thus,

e = julR (4. 2)

where R is a constant of the ssarch ooil,
Now, if & test mample is placed at the osutre of the search coil, the
flux linking the search ooil will change and the induced e.m.f. will be

: 1
= Jumd (1*4631-' ) m(4o3)
vhere C is another constant depending upon the distance of the search
001l winding from the centrs of the specimen, and the shape and sige of the
specinen, and V is the volum of the speclemn,

Hence the e,m.f. indused by the specimen alone is

gz 0~ 0% mmé‘m

M 2‘ = Wm = m -—-——-(4.“)
. JWHRC ¢

The e, f, picked up by the aesrch coil in the absence of the speoimen
is compensated by sn arrangessnt desoribed above., The mm is then placed
at the centre of the search coil, and the resulting e.m.f. ie balanced against
s reference ep. The ratio i‘. is obbtained directly from the bridge as already |
described, ‘ |
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I ths e, m L. at the w'th tapping of the search ool is balanced

agalnst the aame reference, the potentiometer readings vill give Son ., PFrom
. - er

expression (4.4) above,

(o) 8 )
»-*E‘““%"'iw"zi' ) %on

L1

/%31 o

ork= E& or 3 ;ﬂﬂ ¢
4nv

GALIBRATION: In order %o celculate the susoeptibility it was necespary to know

(4.5)

®ufe and C. The ratios o,y/e for various values of & depsnding on the runge of
k, in respect of different Leppings, were deternined by a BEdLET PACKARD V,T.V.M
(vith a reading acouracy of 5/ V), for a given valus of the ourrent. Ry changing
the value of current in Helsholtz coils, six sets of readings were teken for
/e and average volues of ea/e vere caloulsted. These ratios are given in
sppendix 2.

The ratics @,n/@y, vere als doternined using the bridge. This offered

" a check on the valuss of eoy/e;, obtalned from the voltmeter, for atleast
four values of m, The aoincidence between thess vas within the reading accuraoy|
of the instrunents.

To dsteraine G, a standard solution (60.8%) of ferrie chloride, having
a speoific gravity 1.70 was used. Its theoritical mass susceptibility was

53,2745 x 10°°

and volums susoeptibility vas 53,2765 x 1078 z 1,70 = 90,56 x10™
The ratio sg/e, for 16 c.c. of this slution was found to be 4, for a position
of reference, such thut epy/ oy = 98, Using thess duba in expression (€.5), vo-
1ue of G was found to be 1007, |

SURCES OF KROM- The experimsatal errors osn be divided into four groupme-
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(a) & (1) 3ince ratios e/e, vere meusured
for calculating the susceptibllity, using a bridge, there will be no effect

of any change in current on Lhe suaceptibility,

(i1). However g,/ vers detornined using a V.7.1.M,, there was a possibility
of error dug to fluctustions of the current, Bub a cheok of these ratios by
potentiomgters for four tappings shew that the ooincidence in ratios by the

two methode vas quite close and the error was negligible,

(1) since the reactancs of the bridge depends upon the freguency, any
error in the latter will alter the poteantiometer raadingu.
| It R is resding of the potentiomster, at the wrong frequency v, sad
By at the correct frequendy w, then ‘

Ru%n%ﬁw.%glﬁgg
or ARReR, = f-ﬁ'ac

Por an error of 2,5 ¢/s which is the reading scouracy of the osoillator |

vhen working at 539
R = BAEIW o o.ems

(41)  There may alm be & drag in oscillator frequendi, which say give rise
to the above mentionsd error. 10 geurd sgainst anydrift error o beat frequency |
oscillator vas used which bas an accuracy of £ 1% |
(c) Exror. in potentiometer rasdings ~ The potentiometer dial could be sdjunted
to within 0,35 of a division, This will inbroduce an error, depending upon |
the perticuler dial reading. There ia obviously mo control over, this error,
tut it is felt thet effect is negligible in most cases. |

(D)
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deriving the relation for susceptibility it was assumed that the specimen is

at the centre of the Hemholts coils, and is hence in a uniform, magnetic field.

Ibwever, due to the signifioant dimensions of the speoimen, field at its edges

1s different from the fisld at ite cenbre, |
The £ield ab ths cendre of the specimen is

Hy = % = W = 0,5034 oersbed.

The field abt one of the edges of the sample ie given by
27 nia? | '

(Agam? ) Valuga] "

o 2X3.14x10020,1282(22.86 2 | - ot
é(az.ee)%(m.u)a ¥3 ‘{(33‘“)2‘(1”0)3;3/3

Henge he perceubuge erzor in the field threading the sample ia
AH:gﬁ:s—ﬂm a Qai0i=0u40T 5 100 » 2325

AQVANTAGRS:~ (1) Being an A.C.method 1t hud the advaubuge over obther methods,
that the low signal due to rocks oould be amplified sufficiently.

(2) 8ize of the sample has no effect on msasurements sod hence small same
ples could be used.

(3) gince an slternating curreat is veed for energizing, only the suscepbi-|
hility magnstization kfl is moasured and any effect dus to the renanent
magnotisation does not appear,

(¢) Since the fi0ld induced in the seurch coil is directly proportional
to the frequency of the encrglaing field, sonsitivity was considerably
tooressed by using 529 o/s dagteud of 50 o/s as used by Bruckahave

(5) In Bruckshews double coil aysiem, Lhe outer compenssting il alw
picks yp mome of the signal produced by the specimen, ond thus s part of the
algnal was logt, By placing the compenssting coil for evay from the smocizen
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this effect was avoided, thus inoreasing the sensitivity,
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RiSULTS 4RD DAsousaIoN
4. MICHOSCOEIC WOIK

In order to deternine the compositionm of the rocks whose susceptibility
had beon megsured, they were studied in thin section under a petrological
miorosoope. In addition to this a study of the polished sections of rocks and
ores under en ore microscope pormitted the deteraination of the character amd
distribution of their ferromagnstic content, A4 wodel analysis was nade of
the polished sections of all rocks and ores to determine volume percentage of
their ferromagentic content, In rocks model snalysis vas made only for one
fuce bacause they have a homgeneous distributicn of mninerals. In ores,
nowever dus to bunded and veined character two faces vere studied at right
engle to each other and the mean percentage of minerals was culoulated, 4
brief sketoh of these studies is given belowy-

1. Lineous focks

Dolerite ( fpecimen No.Mg) 1= This sample was teken from Jalatd coal
field of Bihar. The main constituent mineruls of thie rock vere pugite,
diopside, plagioclase and a suall smount of sagnetite, The rock was coarse
grained snd hod & typical ophitioc texture,

In polished section long slender prismatic orystals of magnetite
could be seen, The megnetite is fine grained and is not altered. Treces of
sulphide minerals were also found.

Olivine Ogbbro (Specimen Ho. My) s~ This sample also belongs to
Jeinti ooal fields of Bihar, Along with augite, diopside and plazioclase,
it also contuined soms olivine, Small grains of magnetitie could be seen in
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the polished sections. The magnetite shows incipient glteration to hematite,
Fine lines of hematite in cublc pattern can be seen, which are due to altera-
tion along cleavage planes, Some of the magnetite grains are titanifoms;
showing a pinkish colour and falnt anisotropiem under croased nicols,

Delerite (Specimen No. Mg);~ Thias specimen also belonging to the
same ares had, hovever, mors opaque minerals thun the previcus two samples
had, The main constituent alnerals vere augite, plagiooclase, magnetite and a
small amount of olivini. Magnetite orystals are fine to medium grained
squidimengional and somstimes with perfect boundaries, SHme orystals of
titaniterous magnetite are also present. 4lterution iw still in its initial
sbages and only in some crystals fine alteration lines along the cleavage are
wa, _

Basalt ( gGpecimen l!o; Mg) + « This sample was teken from Nagur
trsps. Tho main minerals constituents were oligoolase, awgite, potash
felspar, magnetite and glassy metter, Vescicles are quite common, Rock is
merocrystalline, ephanitic and inequigramular. Haguetite grains are medium
grained equidimensional unaltered orystals. Mostly it ig titaniferous
lamtito. , ,

Basie 3111 { Speoimen No, H‘j t= This vas g sasple of basic eill
from near Mussorde, It 1s composed of potash felspar, plagioclase, sugite,
chlorite, magnetite and spatite, It is a medium gruined equigranular rock,
Crystals of magnetite are ejuidimensional but not with perfeot development of
facen, Mostly magnetite is unaltered except at borders in some grains,
Traces of suiphide minerals are aiso seen,

plerite Sill (Specimen No. Mg) ;~ This sample was taken L1908 lower
dolerite sill of Pulivendla eres of sndhre Pradesh. It is compoaed of
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oxydized to hematite and oo-p:uto Bagnelite gralns are rarely seen.

labradorite, magnetite, antigorite and smail amount of quarts, It is medium
%o coarse grained end has sub ophitic texture, Magnetite orystals are medium |
f-o ooarse gruined eometimes with perfect dovolppmt of faces, Magnetite
orystels ore highly oxydised specially at the borders of orysbalss
2, Magnetite Ores

le Ko, ¥y ;- This magnetite bearing rock was taken fyom near
Singhena (Khetrd Copper Belt). It shows very fine grained miiturve of
Ragnetite and come silicste minerals filled in the fractures of the rocks.
The fractures are somtimes oircular in shape, Magnetite content of this
sample could not be detormined on accounts of its presence as :mixturewith
silicate,

Speolmen No, My and My (-~ These were sumples of banded magnetite quav

rtsites £r8 g.niamalal, Salenm « Thqy show alternate layers of magne-
tite and quartzite (ses micro-photograph Mo, 1). The cagnetite is highly

dpocimen No, K3 1~ This sample mostly contained ohaloopyrite, which
Bas replaced pyrrivtite, Only small smunt of pyrriotite 1s left, Photogreph
(aior0) No, 2 shows relation of chalcopyrite and pyrhotite. Model analysis
#bovs 29,208 chaloopyrite 3,75% pyrrhotite and 64.54% gangue.

Seciaen Bo, K; 31~ This sample contained maximum pyrrhotite, It
conteined 61,96% pyrrhotite, 3.47% magnetite, 0,758 chaoopyrite and 33,828
gangue.

Specimen %o, Xg 3~ It contained 6,13% pyrrintite, 4.86% magnetite,
2.85% chaloopyrite 1.40% pyrite end 84,25% gangue, Magnetite is completely
wmaitersd,
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speoimen Mo, K3 1= This sample has big stout orystels of pyrite and
magnetite, wmolosed by pyrrivtite, Pyrrhotite seems geneddcally latter than
nagnstite and pyrite, Pyrrhotite has been replaced by chaloopyrite at places.
Magnetite is completely unoxydised. It contains pyrrhotite 20.48%, magnetite
3.35%, pyrite 4,83% chnloopyriﬂc 0.28% and gangue 70,874,

shecinen No, kg 1= In this sample chalcopyrite has replaced mh of
the pyrrhotite, It contains 24,708 pyrrhotite, 13.46% chalcopyrite, 4.31%
magnetite and 57,56% gangue,

Secimn ¥o, K7 1= This sample contains big grains of pyrite and
magnstite, Msgnetite is completely unsltered. Pyrrhotite 1a latter to theae
minerals and is surrounding them. It contalns 84.60% pyrite, 23,77% pyrrhotite
6.90% mugnetite, 0.11% chaloopyrite und 35,014 gangue. ,

specimen No, K5 3~ This specimen was very rich in magnetite as well u
pyrriotite, Thess two mineruls, however, were s intim.tely mixed that it was
ot possible to determine exactly their percentage.(3ee micro-plotograph No,3)
4 rough analysls, however, gave magnetite 35,61% and pyrrhotite 22,77%.

Susceptibilities of 6§ rocks, (intermediate to basic in character) 3,
magnetite ores &nd 7 samples odntaining varying amounts of pyrrhotite, pyrite,
magnetite and chalcopyrite were measured, The resuits of these msasuremsnts
.are shown respactively in table No, 1, 2 and 3, The table also shows the perced
ntage of ferromagretic content of thease samples.

Attempts were also made t0 measure s0me samples containing only
chalcopyrite and some other samples of acid ignecus rocks but they gave no
response. ,

RICUZGION OF THy RESULTS
Figure |7 shows & plot between magnetic susceptibilities end magnetite
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oontent of the six rock samplea. 1The curve shows that susceptibility
changes linearly with magnetite content., The irreguiurity of points on

the graph con bes explained by the fact that those wooks in which magnetite
has been exydized will have a relstively low value of the sisceptibility.
The table 1 alm shows that quadrature component increases steadlly with
inoreasing megnetite content, This may be due to the fact that the electro
mognetic fleld around the specimen will produce elastric current in the
smpecinm and magnetite being s mineral of high untatiﬁt.y shows high
quadrature component., Qadrature component being ootpamtivloly amall, has
been neglected in caloulation of the smisceptibility,

Becanos Magnetite content of specimen No, )l1 oould not bo dcterained
it was nob possible %0 study linearity of varlation in ore samples., However
table 3 shows that the musceptibility of these samples has also inoreased with
increasing magnetite ocontent, The table glso shows that whan megnetiaation
is pexpendicular to the plame of the bendings, & sample shows minimum
supceptibility while it shows maximum susceptibility when the megnetization
is in ths plene of banding., This result is in conformity with the faot that
susceptibility in sedimentary rocks is maximim in the plane of bedding, In
the preseat samplos aleo the bands of magnetite represent the original bedding |
plenes., High degres of snistropy pzobabli indicates that all magnetite
gralns are oriemted with their esasiont aegnetization direction in the plane
of the banding,

The susceptibility determination of pyrriotite, magnetite, chaloopyrite
samples could not, however, be corelsted, becauss the effect of magnetite
could not bz removed, on ascount of the faot that results of magnetite samples
could not be used for this purpose. The magunetite ore samples were highly |
oxydized, vhile mognetite in the aamples from Khetri wvas completely unaltersd
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and gave very high susceptibility,

Hovever, table 3 indicates that if the effect of magnetite can be
removed, the supceptibility increases with inereasing pyrrhotite content,

Table 3 alao confimms the view that quadraturs cozponent increases,
vith increase in the amount of material of high resistivity, Sample No.K,
vhich has high pyrrhotite ( high resistivity 70" ) content, K, which has
high magnetite { high resistivity 1t0103 content and Kq ( which has high
magnetite content) show large quadrature cowponents, while, sample No.Kj
vhich contains chalocopyrite ( low resistivity 2.lx10)'l:nd K, which contains
pyrite ( low resistivity1x10-1) show a comparatively low quadrature

coLponent,

- Although the
coxpensating coil was kept far away from the specimen, the leads of the
two helaloltz coils were taken out gymmetrically to a reasongble distance
from ths coils, the measuring bridge was kept far away from the susceptibili-
tymeter, and measurements were made at high frequency, the mensitivity of |
the instrument was ﬁnexpeatodly low, This was perhaps dus to the fact that
the search coil had a large inner radius and most of the flux from the | |
specimen f£ailed to link the coil end was lost in the space between the colil
and the specimen,
| Moreover good compensation could not be obtained on account of the
non availability of ean inductometer of high ﬁnxtual inductance er a small
capacitance. A4lso the shield of the conneoting wires alsc picked up a
small e.m.f, cansing interference,

It is, therefore, suggested that the search coll should be 80
constructed as to closely hmg the specimen,

The effect produced in compensation by the shlelds oen be removed
# Resistivity in ohm,cm,~beken from Heilsnd, G,A. ~ p. 659
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by using layers of co-Netic shielding ribbon (Jorgenson 1958)
By usiny a emall cepacitance in parailel with the compemsating coil
snd the above modification the sensitivity of the instrument can bs improved
a great deal thersby permitting measarements of the low values of susceptibility

also,
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¥, URRES HEIMBQLIZ COIL

Inductance

Roslstanoe

No, of tums

Mean redium of coll
11, LMER BELMACLY. COLk

inducﬁml

Reaistance

No., of tums

Mean radius of colil
III, SBARGH GO

Inductance

Besistance

Total Bo, of tums

i

"

Y

A

10.55 uH
5,95 ohms

100 tums of 20 sewegs Vire,
3&.86 Gy

11.30 nH

$.,950 ohms,

100 tumms of 20 s,v.g. wire
32,80 oum,

0.78 #
1,12 Kilo ohas,
2000 tums of 40 s.v,g. vire,

No, of tums for various tappings

erping No.

No.of tumse

§§§88¢.»»
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Iv. QOMPRNGATING QOIL

inductance - 1.76 H,

Reslisbance ' e 1,855 Kilo ohma,

No. of tuma w—— 2250 tums of 40 s.v.g. wire,
V. BApARaNGL.0QlL

Inductance — 65,30 ull

Resigtance ——— 70.50 ohms,

No. of tums wee 775 tums of 34 8.wege Vire,

In order to bo able to use the reference coil ( which actually
fulfills the required conditior i.e. wlq = (MeRy), ab 829 o/s) at 539 o/s
an inductance of 20,7 sl and resistsnce 2,0 obms and an ohmic resistance
of 18 ohms vas inserted in peries with the reference ooil,
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AFFERDIX 2
MT103 8. pOR TAPPDVGS OP THE SEAGH GOX,
3.2;. wm=  0,00052
%8 - 0.00150
!ga —— 0,00341
| ‘131_ - 0.01308
!2& —— 0403200
| .‘.g.& - 0.13000
.'.‘%1 — 032330

Here agp represents the e.m.f, pioked up by the portion of the

search coil wpto the m'th Szpping ond , @ represents the maxims o n. L,
~ picked wp by the coil,
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