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ABSTRACT

In Part I of this paper the resuits of the magnetic survey of the Kodur manganese belt
were presented. Those results are further supplemented in this paper by the extensive study
of the magnetic properties of the manganese ore samples between field strengths of 0 to 1,000
Oersteds. Tor these investigations three types of apparatus were eonstructed and used. The
results of these investigations revealed that all the samples tested possess ferromagnetism and
that this ferromagnetism may be due to a single mineral alone. The high remanence and co-
ercivity values exhibited by most of the samples showed, in accordance with the field results,
that the manganese ores are susceptible to high permanent magnetism.

1. INTRODUCTION

In Part I of this paper (Rao and Bhimasankaram, 1958) the results from the
study of the vertical magnetic field of the Kodur manganese belt were presented.
It was generally observed during the course of the magnetic survey that some ore
bodies gave high positive and negative anomalies while some other large ore deposits
gave little or no magnetic anomalies. Further, it was observed that both types of
manganese ore deposits contained similar percentages of manganese and iron. In
view of these anomalous observations, an extensive study of the magnetic properties
of these manganese ore samples was taken up. The various techniques employed in
the measurement of magnetic properties and the results obtained form the subject-
matter of the present communication.

The problem of determining the magnetic properties of rocks and minerals is
almost as old as magnetic prospecting itself. From the viewpoint of Applied
Geophysics, the interest in the magnetic properties of rocks is chiefly concerned with
the magnitude of their magnetic susceptibilities in a weak magnetic field, i.e. in the
earth’s magnetic field.

Magnetic data for several rocks and minerals have been recorded by a number
of workers using different methods. But most of the old data were those obtained
at rather strong fields. Since rock magnetism is originally of a ferromagnetic nature
and is a function of the magnetizing field in which it is measured, the susceptibilities
measured at strong fields will be different from those at the low fields. It is obvious,
therefore, that the magnetic susceptibilities must be measured in the earth’s field,
so as to have a real bearing on the results of magnetic prospecting.

Though the main application of the magnetic parameters is chiefly confined to
the work at low fields as far as geophysical prospecting is concerned, the magnetic
properties of rocks and mineral powders at high fields are of importance to the theory
of rock magnetism and in some applied sciences like alternating current magnetic
separation of low-grade ores. The magnetic parameters derived from the hysteresis
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curve, like coercive force, remanence and intensity of magnetization, represent the
permanency of the magnetism, the amount of retained magnetism and the degree
to which the rock is susceptible to magnetization at that particular peak field and
thus reflect the magnetic nature of the rocks. This is useful in probing into the
fundamental nature of the ferromagnetic material contained in the rocks and ores.

Even though it is a well established fact that the susceptibilities of rocks and
minerals depend mostly on the ferromagnetic content—especially on magnetite—and
on the magnetizing field in which they are measured, the influence of various factors
like the previous history of the rock, the grain size of the ferromagnetic particles,
the chemical composition and the petrological characteristics of the rock, is consider-
able. Hence, it is almost impossible to lay down rules for the calculation of sus-
ceptibility values from either the magnetic content or from the magnetizing field or
from both. It is always necessary to determine the susceptibility values of the
rock types and minerals from any particular area, where magnetic prospecting has
been undertaken, even though a vast amount of data is available on the same rock
tvpes and minerals. )

For the present study of the variation of magnetic properties of manganese ore
samples at field strengths between 0 to 1,000 Oes., three different apparatuses were
constructed and used. The first one was designed after Bruckshaw and Robertson
(1948) to study the susceptibilities in the earth’s field and their variation with field
strength up to 50 Oes. The second apparatus was designed following Bruckshaw
and Rao (1950) to study the hysteresis properties of manganese ores between field
strengths of 250 and 1,000 Oes. The third one was a new design for the measurement
of susceptibilities in the field region of 50 to 250 Oes.

2. APPARATUS FOR THE MEASUREMENT OF SUSCEPTIBILITIES
AT Low FIieELps

The apparatus used in the present investigation for the measurement of sus-
ceptibilities was essentially the same as that of Bruckshaw and Robertson (1948) but
differed in the dimensions of the pick-up coil system and the amplifier-detector
system. Increased sensitivity (of the order of 5x1078) was obtained in the present
apparatus by the mew pick-up coil system used. The high amplification (10,000
times) used in the present apparatus resulted in a better determination of the balance
point. The working principle of this method is described below.

When a magnetic specimen is placed in a uniform magnetizing field H it will
give rise to a secondary field proportional to its magnetic moment. Since this
magnetic moment is low for ordinary rock specimens, the demagnetizing effect can
be neglected and the secondary field induced at any distance r from the centre
of the specimen of volume V will be of the order of K.V .H/r8 where, K and H are
the susceptibility and the magnetizing field, respectively.

Two Helmholtz coils HH (Fig. 1) were excited by means of a 50 cycle alternating
current and the secondary field was investigated by means of the two pick-up coils W,
and W, fixed inside the Helmholtz coils. These pick-up coils were wound in opposite
directions and the number of turns were adjusted such that the mutual inductance
between them and the Helmholtz coils was practically zero. In this position the
algebraic sum of e.m.f.s induced into them was almost zero. The magnetic speci-
men S introduced near the multicoil system inside the Helmholtz coils acts as an
alternating magnetizing field. The secondary field due to the alternating magnet
induces two different e.m.f.s in the two pick-up coils because of their differing dimen-
sions. This additional e.m.f, introduced is a measure of the susceptibility of the
sample. In practice, this small residual e.m.f. was balanced against a potentiometer
excited by a neutralizing coil W of a few turns, wound on W,. In the potentiometer
circuit, the total resistance was large in comparison with the reactance so that the
phase relations could be neglected. The balance point on the potentiometer was
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determined by means of a sensitive null-detector preceded by a G.R. type low-noise
amplifier and a preamplifier.

-1 _E_- 41-

. I

Fig. 1. Bruckshaw and Robertson’s susceptibility apparatus.

At the balance position it can be shown (assuming the specimen to be a dipole—
the error involved being of the order of 30 x 1078 for a specimen with a susceptibility
of 1,000 % 1078 ¢,g.s. units) that

K.V =c.0; .. .. .. (1)

where 9, is the reading on the poteptiometer and ¢ is a constant depending upon
the geometrical and electrical dimensions of the coil system and the potentiometer
used. With the dimensions of the pick-up coils used and for five turns in W, the

above formula hecomes
K.V =2328x10"%x9, .. .. .. (2)

This instrument could be used up to a maximum magnetizing field of 50 Oes.
For a specimen of 8 c.c. the accuracy of K obtained will be about £ 5X1076 c.g.s.
units.

3. APPARATUS FOR THE STUDY OF MAGNETIC PROPERTIES
AT Hien FIELDs.

The apparatus used in the present investigation of the hysteresis of manganese
ores was similar to the apparatus designed by Bruckshaw and Rao (1950). This is
an inductive method employing oscillographic technique. The specimen to be
examined is placed in a uniform field produced by Helmholtz coils and the secondary
e.m.f. induced is investigated by means of secondary coils.

Fig. 2 shows the principal parts of the apparatus. The two energizing coils
B and D were designed to give a magnetic field of 500 Oersteds per ampere. Alter-
nating current of 50 cycles was employed in the energizing coils and e.m.f. induced
in the three nearly identical coils A, C and E situated as shown in the figure was
investigated. Coils A and E were connected in series and in opposition to the coil O
and their number of turns were adjusted such that the e.m.f. of the coil system A,
C and E was practically zero in the absence of the specimen.

2B



PROSPECTING OF THE KODUR MANGANESE BELT 19

et
i T

tiTENTlOMETiR
?MNW

A
g ot

TO Y-SWEEP

=

) )
] |

440 V
50 v
L(:}_TJ ¥

TO X-SWEEP
F16. 2. Electrical connections of the hysteresis apparatus,

Note . Coils B and D are actually wound in the same sense to make the fields add up.

The specimen in the form of a 2 em. cube was introduced in the coil C, such
that the centre of the cube exactly coincided with the geometric centre of the coil
system. The introduction of the specimen changes the flux in the coils 4, ¢ and E
and the out-of-balance e.m.f. induced is a measure of the intensity of magnetization
of the specimen.

The induction B in the specimen due to a magnetic field H and its intensity of
magnetization I are given by

B = H+4xl. e

As the induction when the specimen is not present is always B = H, the additional
or differential e.m.f. set up in the coils 4, C and F at any time ¢ will be 4 dI/dt.
This e.m.f. after amplification was impressed on the Y-plates of the cathode-ray
oscillograph. The horizontal deflection plates were connected to a resistor in the
energizing circuit. The instantaneous deflection along the X-axis was therefore
proportional to the field at that particular time. Thus, a graph showing the relation
between the instantaneous field H and the rate of variation of the intensity of
magnetization dI/dt was impressed on the oscillographic screen.
The horizontal deflection at any instant due to the sinusecidal field of frequency
[ is given by
H = H,.sin 27 ft .. .. .. @)
where Hy is the peak field.
dIl _dI dH _dI -
dt  dH'  dt  dH’

or is proportional to dI/dH. cos 2m ft, since f and Hy are constant.

2nfHg cos 2m ft .. .. .. B
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The traces on the oscillograph are photographed on a 35 mm. camera fixed to
the oscillograph and are enlarged to about 10 times. The values proportional to
dI/dH at any field H could be obtained by dividing the vertical deflection on the
photograph by the corresponding values of cos 2x ff. These quantities proportional
to dIjdH are plotted against the corresponding values of H. This curve is then

1
integrated and the integrated values ( g}]‘ .dH ) give a measure of I at any corres-

ponding field H. By calibration, with an equivalent magnetic shell, these arbitrary
values of I could be transformed into absolute values.

Using the apparatus described above the hysteresis properties of manganese
samples were computed at peak fields of 250, 500, 750 and 1,000 Oes. But, for most
of the manganese samples, it was found that the dI/di-H curves, obtained on the
oscillograph below peak fields of 250 Oes., were too small to be photographed and
computed accurately even with the maximum amplification. The results computed
from such photographs may not be reliable.

It is a well-known fact that the susceptibilities of specimens depend upon the
peak magnetizing field to which they are subjected. The susceptibility of a specimen
at any fleld strength, computed from the dI/dH curves obtained at higher peak
fields, may not be the same as its true susceptibility. The true susceptibility of a
magnetic specimen at any field will be that measured at that peak field and not
that computed from the measurements at higher peak fields.

4, MODIFIED APPARATUS FOR SUSCEPTIBILITY MEASUREMENTS

As the aim of the present investigation is to measure the variation of suscepti-
bilities at fields ranging from 0 to 1,000 Oes. and as the two instruments already
described were able to measure accurately in the fields 0 to 50 and 250 to 1,000 Oes.
only, it was desired to slightly modify the apparatus described in the previous section
in order to measure susceptibilities in the range of 50 to 250 Oes. By a small modi-
fication in the working procedure of the method described in the previous section,
the determination of the susceptibilities was also simplified and it was found possible
to get reliable results at field strengths of 50 to 250 Oes.

The Helmholtz coils (Fig. 3) were designed to give a field of 250 Oes. per ampere
at the centre of the coil system. The dimensional details and the electrical resistances
of the apparatus and its associated circuits are given in Table 1. The secondary
coils A, ' and E were fed to a valve voltmeter preceded by an amplifier. Coils
A and E were connected in series and in opposition to the coil C such that the e.m.f.
from the pick-up coils 4, C and E was almost zero. A small winding E, connected
across & potentiometer neutralizes the small persistent e.m.f. from the coils 4, C
and £. When the specimen is not introduced, zero balance could be attained
by adjusting the position of the potentiometer knob. When the specimen was
introduced into the Helmholtz coil system, the flux through the coil system A4,
and F changes accordingly and results in an unbalanced output. This out-of-
balance e.m.f. was amplified and measured by a valve voltmeter. If we neglect the

TaBLE 1

Dimensional and electrical characteristics of the coils

Field coils A C E
Gauge of the wire used 20 40 40 40
Number of turns .. 926 1,800 1,940 1,900
Resistance (ohms) .. 14-8 950 1,024 1,003
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effect due to demagnetization, the differential e.m.f. induced into the pick-up coil
svstem due to the specimen will be proportional to its magnetic moment.
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Fi1a. 3. Electrical connections of the susceptibility apparatus.

Note: Coils B and D are actually wound in the same sense to make the fields add up.

Working Formula :

The mathematical expressions for the e.m.f. induced in a circular coil due to
an alternating magnet are very complex and difficult to arrive at, but the formula
for the e.m f. induced by an alternating dipole or rotating dipole is much easier to
arrive at. With the dimensions of the specimen used in the present apparatus, the
error involved in assuming it to be a dipole is small.

The procedure in arriving at the working formula is designed to calculate the
flux linkages of all the coils 4, € and E and equating the e.m.f. resulting from it to
the e.m.f. observed on the valve voltmeter. '

Suppose a magnetic dipole of moment M is situated with its centre at the origin
O, with its axis in the OX direction (Fig. 4). Let the coil be situated with its axis
on OX, its plane being perpendicular to the paper (or XOX' plane). Let 4BCD
represent the winding section of the coil, its internal radius being y; and external
radius y, and its thickness (zo—z,).

The magnetic field strength at any point (x, %) in a direction parallel to OX
is given by

=HMeE-H L (8)
(x24y2)?
and the flux linkage ¢ with a single turn of radius y will be
o 2mMy? (7)

T (a2yp)t
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F16. 4. Illustrating theory of dipole.

Now if the coil has » turns per unit length, in both directions, flux linkage with the
whole coil with the indicated winding section will be

Ve 2 dx
=2 2 2dy . — .. . :
Prota = 27 Mn j ydy J (x24y2)} (%)
Yy Z1
or
i y=y
¢t0m =2 Mn2 [zz log tan (g-{——;) —uz, log tan (Z-{-%)J 2 . (9)
y=y
where
tan @, = Y and tan 6, = LAy
Zo Ty

Therefore, the average flux linkage per turn is given by

¢ — ¢1‘.01‘.31
T n2(y,—y, Ty —71)
2o M [ (77 92) (77 01)]y =Y
= ——— . |2y log tan | -4 2) —~u; log tan [ -2 .. {10
(¥,—y,)(@a—my) | ° g 42 108 2]y =y, (
By denoting the factor on the right hand side of the above equation as M. F, we have
¢.0= M.F. .. .. .. ..o (1

Now the total flux of the pick-up coils (4 +E~C') with number of turns n;, 7y and
ng, respectively, will be equal to

¢¢=M[(Fl.n1+F3.n3)~F2.n2]=M.F¢ .. .. (]2)

where Fy, Fy and F3 correspond to the three coils A, ¢ and E, respectively.
The moment M of the specimen can be written as

M =K. V.Hy.cos2n ft. . .. .13
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Substituting (13) in (12) and then differentiating, the e.m.f. induced due to change
in flux is obtained as
—2nf. K.V.Hy . sin2n ft F, .. .. oo (14

Thef peak voltage induced will be —2=7 f. K.V.H, . Fy, since at peak value of ¢, sin
2u ft = 1.

As the voltage is measured in R.M.S. volts, we have e in volts as e. V2=
27f.K.V.HoF, X 1078, 1078 being the conversion factor from absolute units to volts.
Since F, denotes a number depending upon the geometry and the number of turns
of the pick-up coils, we have, for a fixed frequency of current,

KVHO eC e
or K Hy=c.¢ .. . .. .. (16)

For a magnetic specimen of volume 8 cc, the constant ¢ has been calculated to be
14-32 and the working formula becomes

K Hy=1432 X ¢ . .. o1
Yor an amplification p, equation (17) becomes

Ko, = 4322

(18)
where ¢; denotes the voltage measured after amplification. As e can be determined
accurately up to 5 X 1076 volts with an amplification of 1,000, the intensity of magne-
tization (1) can be determined up to an accuracy of 80X 1078 em.u.

Calibration :

Since the effect of demagnetization was neglected in the above derivation, the
use of the working constant may give rise to erroneous results though of small order.
The values of the voltage induced at a particular amplification were, therefore,
calibrated by means of a magnetic shell. The specimen in the coil system was
replaced by an equivalent magnetic shell. The magnetic shell consisted of a 2 cm.
cube made out of plaster of Paris, on which were closely wound 100 turns of 48 gauge
S.8.C. wire, carrying alternating currents of known value. This represents a mag-
netic shell with moment N.i, where N is number of turns per centimetre and ¢ is
the current it carries, in absolute units.

The magnetic shell was allowed to carry various alternating currents, such
that the range of magnetic moments of magnetic shell fully covered the range of
magnetic moments of the specimens under study. The approximate values of the
magnetic moments of the specimens under study were known from the values of their
intensity of magnetization at 250 Qes. from the hysteresis curves (Sec. 3). Cali-
bration curves were drawn by noting the voltage induced for varions magnetic
moments of the shell for fields ranging from 50 to 250 Oes. Table 2 gives the cali-
bration values for field strengths 50 to 250 Oes. and amplification 100. Calibration
curve at 250 Oes. with an amplification of 100 is shown in Fig. 5. The values
of the working constant calculated from the calibration results at 50 to 250 Oes. are
1428 and 14-65. The values of the working constant calculated from the formula
(14-32) and those from the calibration curves show a good agreement. .

Thus, by the above method, the intensity of magnetization and the suscepti-
bility at any field could be measured quickly. In fact the valve voltmeter can be
calibrated for susceptibility, by providing various scales for various fields, provided
the magnetization of the specimen is small and the demagnetization effect is neglec‘qeq.
The use of the calibration curves prepared over wide ranges of J and H has mini-
mized the errors due to demagnetization, 1t is interesting to note that the values
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TaABLE 2

Calibration for susceptibility measurements

H in Oersteds
I R | oon | oos R
in abs. 50 l TS 100 Z 150 200 225 250
units !
Volts induced (amplification 100)
0-141 1-00 ‘ 0-93 0-95 0-95 0-90 0-90 0-95
0-354 2-40 240 2:50 2-50 2-60 2:60 2:65
495 3:30 3:35 345 3-45 3:50 3:50 3-60
0-707 4-90 ‘ 4-90 4-85 4-83 4-80 4-80 475"
1-061 7-20 l 720 730 730 7-40 7-40 7-50
1414 9-85 085 9-80 9-70 9:50 9-50 9-40
2:121 { 14-80 14-70 14:70 14-60 14:60 14-60 14-50
2.828 l 19.-80 1 19-50 1960 19-80 19-40 19:40 19-30
! \
i t T T T T ™1 T T 1 T T T T I T ] 1 T
204
0
F o ~
w
- g -l
-IS ey
= z —
v
L~
10¢ 7 5 -
(o)
- > B
Sk
i [ IN ABSOLUTE UNITS ]
e 1 1 1 | 1 1 1 b 1 1 1 1 1 1 i L H 1
0707 1.414 121 2.828

Fic. 5. Calibration curve for susceptibility measurements at 250 Oersteds (amplification 100).

of susceptibilities calculated by this method at the specific fields of 50 and 250 Oes.
are very nearly equal to those determined previously by the low susceptibility
apparatus and from the hysteresis loops, respectively.

The amplifier in this investigation was used not only as an amplifying device
but also as a measuring instrument and the results therefore depend upon the
accurate performance of the amplifier. The working constant calculated in the
present investigation is high and so high amplifications were necessary for samples
with low susceptibilities. For samples with high susceptibility, the effect of demagne-
tization will be high and the results may not be accurate. However, the working
constant can be effectively reduced by choosing proper dimensions of the pick-up

coil and by using thinner wire to allow more wire to be wound in a limited
space.
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5. REsuurs AND DIsCUSSION

The manganese ore samples collected varied in sizes and many of them were
small pieces of massive ores. These samples often consisted of soft powdery picces
of manganese ore with irregular fractures and during cutting have fractured. The
possibility of cutting them into cubes was therefore ruled out and the measurement
of susceptibility of manganese samples was made in the powder form.

Extensive literature exists on the determination of the magnetic properties of
mineral powders and it was well established that the magnetic properties of mineral
powders depend upon the grain size of the particles and on the packing density ot
the powders. The effect of grain size, packing density and the shape of the particles
on the susceptibilities and the hysteretic parameters were investigated by Gettschalk
and Wartman (1935), Chavallier and Mathiew (1937) and others. A preliminary
study (Rao and Bhimasankaram, 1955) on the dependence of the magnetic parameters
of the manganese ores on the grain size and packing density showed that a grain
size of about 0-5 mm. will be ideal and, for comparative study of the magnetic
properties of the manganese ore powders, the results could be reduced to any fixed
packing density.

Accordingly, the ore samples collected during the magnetic survey were
crushed, screened and sized to an average grain size of 0-466 mm. These ore frac-
tions were moulded into 2 cm. cubes in a plaster-of-Paris matrix and the packing
densities were determined from the relative amounts of the substance and plaster of
Paris taken. Uniform packing density for all the specimens could not be accurately
effected and the results were therefore reduced to a fixed packing density of 1 gram
of substance per cubic centimetre of space using the curves obtained during the
previous investigation (Rao and Bhimasankaram, 1955). Extrapolation of these
results to solid state can be done by the formula suggested by Gottschalk and
Wartman (1935)

y = ad+bd2+cds S 0 1)

where y is the magnetization, d is the density of the substance in solid state and
a, b, and ¢ are constants depending on the variation of magnetization with packing
density. But as this formula is empirical and also assumes that the grain size of
substance in the solid state is the same as that in the powdered state, this may lead
to erroneous results and no endeavour to extrapolate the magnetic parameters was
made. Though the results of magnetic parameters for powders do not strictly
represent those in the solid state, the magnetic behaviour of the substance in solid
state will be definitely reflected in these results.

The results of susceptibility (at H = 0-35 Qes.) for packing density of 1 gm. per c.c.
for some of the mangancse samples tested are given in Table 3. The values of
susceptibilities of the various manganese samples varied between wide limits ranging
from 4 x 108 (sample No. 18, —3a) * to 4,650 x 1076 (sample No. 34, —9). The high
degree of variation of susceptibilities may arise from the variation of the magnetic
rnembers and their contents in the manganese samples. Even for samples collected
from the same locality—as in the case of samples with Nos. 33, —6(1); 33, —6(2)
and 33, —6(3)—wide variation of susceptibility values has been observed. The
dependence of the susceptibilities on the ferromagnetic constituents of the ores will
be dealt with in Part III of this paper (to be communicated).

By regularly increasing the energizing current in the Helmholtz coils (Sec. 2),
fields of 1, 3, 5, 10, 20, 30, 40, and 50 Oes. were developed at the centre of the

* The numbering of the samples is done in the following way : The first number represents
the profile, the second one gives the station where the sample is collected fmd the number in
brackets, if any, represents the number of sample collected at that station. For example,
sample No. 33, —6(3) means third sample collected at station No, —6 on profile 33.
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TaBLE 3

Susceptibility of manganese samples at H = 0-35 Qersted

Sample . Density in
No. Kx 168 solid state
3, +6(1) 698 3:76
3, +6(2) 38 3-69
3, +6(3) 144 4-35
17, —1la 254 4-28
19, —8a 160 2-92
20, —7a(l) 1272 4-04
20, —Ta(2) 53 3-69
20, —6a 1550 3-93
20, 0(1) 2293 4-08
20, 0(2) 37 3-87
20, 3(1) 174 3-93
20, 3(2) 59 437
28, —3u 762 1-00
28, —4a 270 111
30,0 486 4-51
31,1 312 3-47
33, —6(1) 18 4-50
33, —6(2) 475 443
33, —06(3) 548 1-82
34, —9 4651 4-54
34, —7 2040 4:72
35, —8 1348 1 4-57
38, —8 284 : 3.41
40, —15 253 ‘ .

Helmholtz coil system and the susceptibilities for all the samples were determined
at each field strength. The results for some representative samples are shown in
Figs. 6 and 7. It will be noticed from the above results that the susceptibilities of

2600 .

20,00}
34,~ 7
20, -- 8la)
35,_- 8

20~ 7=(t)

1200 h h h h n
H IN OERSTEDS

F1e. 6. Variation of susceptibility with field strength (low fields).
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Fie, 7. Variation of susceptibility with field strength (low fields).

individual specimens vary between wide ranges. This fact is obviously related to
the variable magnetic content in the samples as already pointed out. Each of the
specimens exhibits different variation of susceptibility with field strength. Most
of the specimens exhibit a ferromagnetic tendency. But in none of the samples is
there any sign of the specimen attaining a maximum susceptibility due to the fact
that the field is not sufficient to saturate the specimens. The ratios of K to
K, calculated are found to be less for the specimens exhibiting higher susceptibility.
This may be due to the demagnetizing influence of the ferromagnetic particles pos-
sessing high susceptibility, which tends to reduce the magnetizing field inside the
specimens by a fajr amount.

Employing the oscillographic technique described, I—H curves for all the
samples were obtained at peak fields of 250, 500, 750 and 1,000 Oes. The values of
susceptibilities (Imas/Hmax) at 250, 500, 750 and 1,000 Oes. were read from the
above I—H curves. With the aid of the modified apparatus (Sec. 4), the values of
susceptibilities between peak fields of 50 to 250 Oes. were measured. Combining
these results with the results obtained at 0 to 50 Oes., the variation of susceptibilities
over the field range of 0 to 1,000 Oes. was studied. The results for a few represen-
tative samples are presented in Figs. 8 and 9. From these curves it can be
clearly seen that the susceptibility increases up to about 225 Oes. and then begins
to fall with higher fields. Thus, the ferromagnetic nature of the samples was clearly
brought to light. The presence of a single susceptibility maximum, as can be seen
from the above curves and also from the hysteresis loops, possibly shows the presence
of a single ferromagnetic mineral which is responsible for the magnetism. Values of
the maximum susceptibility and the field corresponding to it are plotted in Fig.
10. Though there is a high variation among the values of suseceptibility maxima
for the specimens, it is interesting to note that the field corresponding to the maxi-
mum susceptibility for all speciruens is almost the same and is around 225 Oesteds.

The hysteresis curves obtained for all the specimens showed a high coercive
force and remanence. Both the coercive force and remanence were dependent on
the field strength. The high remanence values obtained for the samples prove that
the samples are susceptible to high remanent magnetism and that this remanent
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magnetism may be of a permanent nature can be understood from the high coercivity
values exhibited. These results indirectly account for the high remanent mag-
netism exhibited by manganese ore hodies in the field.

6. StMMARY AND CONCLUSIONS

Using the three types of instruments described, the magnetic properties of
37 manganese samples were measured in the field range of 0 to 1,000 QOes. The
modified apparatus for the measurement of susceptibilities vielded guicker and more
accurate results and was found to be reliable in the field region of 0 to 250 Qersteds.

Most of the manganese specimens tested possess high remanence and coercivity
showing that manganese ores are susceptible to high permanent magnetism. All
the manganese samples investigated exhibit ferromagnetism. This ferromagnetism
may possibly be due to single ferromagnetic mineral as can be seen froni the solitary
peaks of the K—H curves. The nature of the ferromagnetic mineral present and
the correlation of the laboratory findings with those of the field data will form the
subject-matter of the final part (Part IIT) of this paper. to be communicated later.
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Errata : In figures 2 and 3, the direction of the windings in the coils B and D
have been shown to be in opposite directions. They should strictly be in the same
direction.
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