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The world is a peor affair if it does

not contain matter for iunvestigation

for the whole world in every age. Néture
does not reveal all her secrets at once.
We imagine we are initiated in her
mysteriess Ve are as yet, but hanging

around her outer courts '+,

—— Seneca



RESUE

The present thesis reports some investigations carried on
natural samples namely Ochres, goethite and bog iron orej Iron
Qres; and chromites. Main tool of the study was Mossbauer
‘Spéctroscopy in which the probe was 14,4 KcV gamma-rays of Fe57
radiocactive sourcé. Chemical, differential thermal and infrared
absorption analyses were also done in some cases to support
the results, Thin and polished section studies were done to

identify the minerals in case of iron ore and chromite samples,

Its subject matter has been divided in following chapters:

Chapter 1 - After comparing the advent of Mpssbauer
effect with those of others,the former has
been defined and its suitability has been
discussed, A brief review of the previous
work and its applications have been given,
Lastly, the motivation behind the rroblem,

pursucd, has been elaborated,

Chapter 2 - Theoretical background and hyperfine parameters
connected with Mossbauer Spectroscopy have been
discussed in this chapter. In the next step
introduction about superparamgnetism and the
applications of Mossbauer spectroscopy in minef
ralogy have been given. At later stage prelimi-
nary idea about Differcential thermel and Infra-
red absorption analyses and their application

in the study of natural samples have been g iven.
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Chapter 3 - Details regarding the instruments involved in the
work form the matter of this chapter. Fankeleit
type constant acceleration drive, binary frequency
divider, cryostat and furnaée,all fabricated in the
lab., where this work has beeh performed, have been
discugsed. Details about the whole spectroscopic
set-up and a brief account of the temperature
controller, which was used and is capable of
keeping the temperaturé controlled to within

+0,05°K from T7°K to 800°K, have also been given.

Chaptep 4 - Mossbauer studies on maturally occurring ochres
namely ved and yellow ochre form thg.subject
matter of this chapter, Ochres are considered to
be those iron bearing earths that contain between
15 to 40/ Fe203‘ The samples were amnealed at
various temperatures ranging from 200 to 1000°¢
and “their Mossbauwer spectra were taken at room
temperature, It has been concluded that red
ochre contains iron mainly as a—Fezo3 with smell
particles exhibiting superparamagnetic (SPM)
effects while yellow ochre is meinly o-FeOOH. The
studies throw some light about the genetic con-
ditions which have been observed to be different
for both the sémples. D74, IR and chemical

analyses were also done to support the results,
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thapter 6-

~vii-

This chapter deals with the studies done on natural
goethite and bog iron ore. The studies were carried
cut by anncaling the samples at various temperatures
and then taking their spectra at room temperature.
DTA, IR and chemical analyses were also performed

on these samples. Goethite showed QPM effects and
inclusion of impurities, while bog iron ore exhi-
bits pure q-FeOOH phase with 1arger grain size,

The studies led to conclude that erystallization

in case of goethitc was incomplete while bog iren

ore was of the haré type of the lake ore deposits.

The content of this chapter is about the investiga-
tions performed on threc iron ore samples taken
from an ore band which was found in carbonate suite
of Cramoli, Garhwal Himelayas, The ore band has
acted ag plane of movemen:t and hence differential
stresses were developed across this band; Apart
from Mdssbauer:pectroscopy, thin and polished
section studies were also performed. Sample taken
from the central part of the band was found magne~
tite rich whereas that from the top was hemetite
rich. Sample from bottom part of the band was
found to be having more of hematite and less
ragnetite., This variatior in the amount and in

the structure of minerals have been correlated

with the stresses generated across the band. The

genesis of the ore band has 21so been discussed,



Chapter 7 -

Chapter 8 -
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Here ithe investigations performed on natural
chromites taken from three Indian localities namely
Byrapur, Iadakh and Sukinda have been elaborated.
Chromites show a wide compositional range and
hence must be relatively sensitive to physico-
chemical and thermal conditions that accompanied
their formtion, Apart from Mpssbauer,polished
section studies, and chemical analyses were also
performed. One of the samples from Byrapur, and
thosc from Iadakh and Sukinda showed normal while
another from Byrapur showed inverse spinel struc-
ture. The lagt one also exhibits SPM effects.
All these samples have been found to form under
high oxygen pressure, Further conclusions have

been drawn about their genesis,

In this fimal chapter, some remarks have been given
regarding the suitability of this technique in the
ficld of mineralogy. Mossbauer spectroscopy can

be very helpful in studying such minerals as,;.
chromites, pyrités etc., their composition being
very sensitive To physico-ciemical and thermal
conditions, from the view point of rock- and
paleo-magnetism, A very potential application of
this zTechnique lies in studying ancient pottery
which leads to prediction about their dating, an

important problem from archaeological point of view,
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In the last couple of decades a large number of new
methods in Physics have been developed which have become of

immense use in many fields of sciences, e.g,

NIR ( Muclear maghetic resonance)

PAC ( Perturved angular correlation)

EPR ( Electron paramagnetic resomance)

ENDOR ( Electron nuclear double resonance)

TIEED ( Low energy electron diffraction)

ESCA ( Electron spectroscopy for chemical analysis)
FIM ( Pield ion microscopy), and

NGR ( Nuclear gamma resonance) or Mossbauer Effect,

Usuvally a new method emerges by advancing,refining and
combining certain aspects in theory and experimental sophisti-
cation, Sometimes theoreticians have made predictions which
could experimentally be verified only after few years of hard
- work, 1In contrast to the usuval development of new methods,
Mossbauer effect has éll the attributes of a wonderful discoverﬁ

by a young German experimentalist,

Nuclear gamma resonance, popularly kncwn as'Mpssbauer
effect',was observed by R.L. Mossbauer during 1957-58 at lMax
Planck Institute in Heidelberg, West Germany. This effect
is concerned with the resonance absorption phenomenon in
nuclear cagse accompained with recoillfree transitions. As
there is no recoilling of the nucleus, the.lines observed have
width comparable to natural line width and hence this effect

is a very useful tool in studying hyperfine parameters|i|.



It has got certain advantages over methods hitherto used
for hyperfine measurement work, These are:
(2) This effect can determine isomer shift which is a measure of
total electronic charge density, NMR and other methods are

insensitive to this quantity,

(b) It can study hyperfinc interactions involving both ground
and excited state‘splitfings. Of the other mefhods PAC does
not give information about ground state splitting, whereas NMR
is not suitable for megnetically concentrzted systems and for
- metals, EPR and ENDOR work cnly with paramegnetic centres and

also generally with diluted systems only.

(c) This technique always shows the spectrum of a specific
isotope and is rather insensitive to impurities below a certain
extent. This is onc of the advantages over NMR which ncasures

the total spectrum of bulk sample,

gt
- (d) Spin-spin interactions has neglqply small effect on IMB

speétrum beczuse of their resolution poorer than NMR.

(e) There is no limitetion existing for very high internal fields

in this technique unlike the case of PAC.

Mossbauer effect spectroscopy,however, has the following

disadvantages:

(&) ME works éniy for solids or splid-like environments e.g.
liquié@ crystals. Whereas NVMR and PAC find wide applications

in liquids and sometimes in gases also,

(b) The cxponential dependence of recoilless fraction over



square of gamm-ray encrgy places a practical upper 1limit of

about 150 KeV for cobserving this effect.

(¢) The above limit also restricts the upper boundation of life
time ( useful T's are usually less than 10"6 sec, fr this effect)

and henece very high resolution can not be obtained.

(d) This effect is strengly dependent upon temperature and
transition energies larger than %0 KeV require temperature

lower than BOOOK 1o cohserve reasonable effect.

These demerits, however, do not outweigh its merits and
in a 1life svan of seventeen years it has come out as a very
useful technique covering different branches of secience. Recent
application of this spectroscopy has emerged in archaeology i2,3|,
soil science 141, studying texture problems |5, plant ané animal

fossils |6] , in mining |7| and in studying moon-rock samples |8],

Its vast utilization in various branches is reflected
from huge number of research papers |9,10|, MB methodologies |11,

and text bocks |12-22| dealing with its principle and applications,

Although the observation of Mpssbauer effect has been
reported in about eighty isotopes, a major portion (~70 % )

of the work is pertaining to FeS7 119

and Sn isotopes. The
reasons may be the ease of observation of this effect in these
isotopes and the abundance of compounds and alloys of iron

and tin.

Application of Mpssbauer technigue in the field of earth

sciences has taken a rather encouraging trend. First of the



studies reported in the present dissertation is about maturally
cccurring pigments yellow and red ochre. The two samples were
studied, before and after giving heat treatment, through Mess-
bauer technique, Infrared abscrpticn and Differential thermal
analysis. These studies were done in order to find out the
mineralogical character of these ochres, The heat treatment
were given,to the samples, to understand the behaviour of cons-
tituent minerals pnd impurities lying in their structure at
different temperature, Decvelopment of particle size with
gradually increasing temperature of annealing was also observed,
As these ochres have been frequently used by ancient potters
and painters as painting material, possible application of these

studies lie in investigating the artifacts.

Next part of the dissertation concerns with the studies
done on nmatural goethite and bog iron ore through Mossbauer,
Infrared abscrption and Differential thermal techniques, Effcct
of annealing on these samples was studied by taking the Moss-
bauer spectra of annealed samplcse The obscrvations were
performed in order to find out the form of iron and its grain
size present in these natural samples and to study the heat
treatment effects, The aim was finally to obtain informtion

on the genetic conditions and type of these deposits,

The third phase of this study pertains to the investiga-
tions done on threc samples ohtained from top, middle and bottom
part of an iron ore band, This ore band was 1 meter thick and

was found associated with meta—acidic intrusive, This ore band



has suffered remcbilization. The purpose of the study was to
identify the different mineral phases present in these semples

end to study variaticns in their amount and structure czused by
differential stresses produced as & result of remobilization

and available impurity ions. ILastly attempt hes been made to
suggest about the genesis of this ore band on the basis of the
results obtained through Mossbauer spectroscopy, thin and polished

section studies and chemical analyeis.,

Closing part of the present programme deals with naturally
occurring chromites of Indian origin, Chromites exhibit wide
variation in their composition and hence may be useful indicator
cf the physico-chemical and thermal conditions under which its
host rocks have formed, The investigations were carried out
through chemical,polished section and Mossbauer spectroscopic
anzlyses, with the purpose of finding out chemical composition,
cation distribution and associated gangue minerals, On the
basis of these findings suggestions have been proposed about

their classification and genetic conditions.



2.1
2.2
243

2.4

245
246
247
2,8

249

CEAPTER 2

PRELIMI FARY THEORETICAL BACKGROUND

Resonance Iluorescence,
Attempls to observe nuclear resonance absorption.

Experiment of Mossbauer and birth of Mossbauer
effect.

Peculiarities of Mossbauer spectrum,
24441 Line shape.

2.4,I1 Line width,

2.4,I11 Line intensity.

Significance of NMossbauer effect.
Recoilless fraction,

Details of Mossbauer isptope.

Cheice of gz suitable 'host matrix! for gamma-ray
source.,

Hyperfine interactions,

2.9.1 Electywstatic interaction,

2.9.1Ia Honopole interaction or Isomer Shift,

2.9.Tb Quadrupole interaction or Quadrupole
splitting.

249.1T Iagnetic dipole interaction or Nuclear.
Zeeman effect, '

249111 Combined electric and mgnetic interaction.

2.10 Buperpsramagnetism.

2.1

21

21

1 Application of lMossbauer spectroscopy in
studying natural samples,

¢ Infrared absorption spectroscopy.

2,12.T Introduction.
2.12,11 hpplication in Mineralogy.

% Differential thermal analysis,

2.1%3.1 Introduction.
2.13,11 Application in Mineralogy.

PAGE

10

12
12
15
15
16
16
17

19
19
19
21
23

27
29

32

32
33

25
57



2.1 RESONANCE FLUORESCENCE

Resonance fluoresgcence,predicted first‘by Lord Rayleigh
in atomic systems | 23 !'at the end of last century, could be
demonstrated only in 1904 by Vood [ 24 |. Since atomic resonance
depends essentially on the existence of quantized levels which
alsc occur in a nucleus, the possibility of observing nuclear
resonance absorption was obvious and the search was started |
in 1929 by Kuhn |25|, Howevsr, all the attempts in this direc-
tion remained fruitless for nearly two decades, One of the
reasons for such failure was recoil of the nucleus. Consider
a nucleus of mass M with transition levels A and B - . separated

by energy Ey. Whenever a gamna gquantum is emitted, the nucleus
y 4 ?

is recoiled with energy Ep (recoil energy) given by

B, = B§/2Mc” o (2419
In conformity with the law of conservation of momentum, the
direction of recoiling nucleus is opposite to that of the emitted
ganma quantum, The result is that the emission line, instead
of being centered at Ei( in energy scale), shifts to lower
energy by By ( Pige 2,1a). The absorption line, on the-contrary,
is displaced t owards higher energy side by the same amount
( Fig, 2.1b). Typical values of Ep lie in the region 10-2

to 102 eV,
Qné more feature enters in the discussion namely 'natural
line widtht , ', which, from Heisenberg's uncertainity relaticn,

is given by

. ="ﬁ/.‘C .o (2.2)



where T i3 mean life time of the excited state. Uswal values of

8

[T for low lying execited states vary from 10~ to 10"4 eV,

To observe resonance the emission and absorption lines should
overlap each cther which is possible only if [vE., In nuclear
case, however, this overlapping does not occur as |7 <K BR and
that is why resonance absorption was not observable., However,
sharp lines exhibiting natural line width are normally not
obgervable 'and they are broadened due to & variety of mechanisms,
One of them is thermal motion of nuclei in source and absorber,
which leads to Doppler.broadening of emission and absorption

lines, given by

A = 2 VEKT .. (2.3)

At room temperature, ITopplar broadening is of the order of recoil
energy and hernce a small probability exists for nuclear resonance
absorption ( Fig, 2,1¢) but itg smallness precludes the deftection

proecess,

2.2 ATTEMPTS TO OBSERVE NUGCIEAR RESONANCE ABSORPTION

P.B. Moon |26| was first to observe this effect in 1950
only. The fundamental idea in his experiment was to compensate
for the recoil energy losses of the gamma quanta dy moving the
source at suitable high velocity towards the absorber, The
resulting displacement of emission line, towards higher energy,
produced measurable nuclear resonance absorption., The total

recoil energy loss ig 2ER, hence the source should be moved with
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twice the recoil velocity, given by

vy = 33/t .o (2.4)

4

These velocities are of the order of 10" mm/sec,

Iater on other cxperiments were also performed in this.
direction [ 27~29|, but in all these the principle involved was
to compensate for the recoil energy losses in someway or the

other,

2,3 EXPERIMENT OF MOSSBAUER AND BIRTH OF MOSSBAUER EFFECT

During 1956 - 57, R.L. Mossbauer was d oing experiments
in order te find out the life time of 129 keV state of Ir191 by
utilizing nuclear resonance absorption method. The siﬁultaneous
cooling of source and absorber led to striking-result in that
a strong increase in absorption was cbserved instead of the
decrease, The result was in quite contrédiction to the then

available theoretical expectations,

To explain this anomalous resonance effect, he agsumed
nuclei in source and absorber to be bound, instead of free, as
both vwere taken in crystzlline form., Thus the reccil energy
is ftransferred to the crystal as a whole which is taken up
vartly in the form of transiation and rest in the form of inter-

rial energy.

The resultant increase in translational energy of crystal
is negligible because of its enormous mass in comparison to that

of a single nucleus, An increase in the internal energy leads
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to changes in the occupation number of individual crystal osci-
1lators., A gamme guanvum can, therefore, be emitted and simul-

taneously erystal oscillators may uhdergo transition to a

neighbouring or next energy state, Since crys?al ogcillators

are having gquantized energy states, there exists, in principle,r
the possibility of gamma emission without any change in the

state of crystal oscillators, With the help of Lamb's theory ]30],
Mossbauer showed the existence of high probability of nuclear
transitions without simulfaneous change of lattice state under

his experimental conditions. Since these transitions are not
associated with energy loss czused by recoil phenomenon, thege

are known as 'recoilless transitions', In these, momentum is
still transferred.but it is always taken up by the crystal. as

a whole and, therefore, the cerresponding translational velocity
is negligibly small., Fairly large number of papers have discussed

its'elassical and quantum mechanical aspects |1, 12, 31-34

In an Hinstein solid, the vibration gate of the crystal
is defired by frequency,(), the Einstein frequency. In the case
ER >> ht¢a, nuclear processes will be associated with the simul-
taneous transitions of ecrystal coscillators and hence the proba-
bility of recoilless process ig gquite smgll, Cn the other ﬁand
Tor the case ER < haythe sitvation is reverse i,e. the proba-
bility of recoilless transition is high, However, real crystals
exhibit a continuous frequency spectrum with higher oscillator

censities at high freguencies, Einstein fregquency can, therefore,

be replaced by upper frequency of vibration spectrun of real



-2~

crystal, This upper frequency Yy is related to Debye tempera-

fure eDof solid by

Ao

p= k 6p

The condition Ior recollliegs prgzess can, hence, be written as

B, << ko o (245)

R D

—

Thisis, thus, alsothe condition of recoilless resonance absor_ =~
ption i,e. ' lMossbauer Effect'. Further hecalculated the
probability of this effect in a general form known as 'recoilless

fraction' ( described in a later section),

2.4 PECULARITIES QT MOSSBAUER S PECTRUM

Mossbauer spectrum is a plot between transmitted ( or
scattered) gamm-ray intensity and relative velocity between
source and sample. Various characteristics of the lines appearing

in a spectrum are as follows:

2ef,I LINE SEAFE

L Mossbauver gamma-ray emitting nucleus may be considered
as a damped harmonic oscillator |13|n Under the condition that
reaction forces, responsible for damping, are small, one can

write its equation of motion as

X = X e-?t/2 1%t vo (2.8)

where e2 1-}1 Y 1 ‘
— Ve <M 135
ECB ©

oy
i
NEAD
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The radiation emitted by such an oscillator will very in amplitude
similar to that of the oscillator. So, for t >0 ., vector B

( of radiation) is given by
R A e

The intensity distribution from its Fourier transform, can be

written as

vy-1 3 1 .. (2.8)
)=t VB S

Above equation represents ' Lerentzian ' or' Breit Wigner' line,

with breadth at half maximum as ") ',

The breadth at half maximum is equal to total transition

probabilityper unit time. Hence mean life time can be given as

'Q==‘/9 , and

natural line width
r =% . .(2.9)

Hence, equation (2.8 ) can be written as

r"’f
I(E) = Jongb, ~w— 1

- -y L(2.10)
o [(E-—Eo)2+‘r'74|

Thus recoil free gamma rays have lorentzian line shape

having natural line width at half maximum,
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2.4.I1 LINE WIDDH

t was observed in the preceding section that line shape
of emisegion and absofpﬁion lines are Lorentgzian with natural line
width. Since line shape in the Mgssbhauer speétrum is superposition
of emission and absorvtion linss, width of line in it is a sum
of the two i.e. H;+@;) where subgeripts 'a! and 's!' refer to
absorber and source respectively, However, this line width is

never attained and is broadened because of the following effects.

Thickness of the absorber is one of the causes responsible

for broadening [20|. The experimental lime width is

=T, +/7, +027 xn £ o, e (2.11)

where'n is number of atoms of Mossbauer isotope per em’® in the
absorber. Thus with increase in n, caused by increase in thick-
ness of absorber, [ﬂex increases, 'Solid angle effects' also
broaden  Mossbauer line [36]. Tne broadening ié propoftional
to the diameter of detector ard varies inversly as the source-—

detertor distance.

Certain =o0lid state properties of samples also cause line
broadening. Thus partially relaxed hyperfine structure { Super-
peramagnetism, paramegnetic relaxation etc.) broaden the line
beecguse here spin relaxation tine is of the crder of Iarmor
nrecession time of nucleuws. HMotional narrowing is yet ancther

reason for this effect [37].
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2,4.TT1 LINE INTENSITY

One of the mest important reasons for difference in the
intensity of lines is different values cf transition probabili-
ties, In sgingle exystals, the line intensity is dependent on
angle between direciions c¢f gamma-ray and crystal axis, This
angular cdependcnce avegrages out in-polycrystals due to their
random orientation resulting into lines of equal intensity. Yet
ancther reason, even in polycrystals, is anisctropic f—factors|38[.

This is known as 'Goldanskii~EKaryagin effect’,

2,5 SIGNIFICANGE OF MOSSBAUER EFFECT

The most significant aspect in Mossbauer spectrum was
the observance of TLorentzion lines with line width A/1077 e
( comparable to natural line Width) which is many orders of
magnitude smaller than width of thermally broadened lines Cx/10"29V),
This extraordinary sharpness of the lines helped the workers to
observe nuclear hyperfine structure which remains hidden in
gamma lines ( observed with recoil) because their thermal width

is always larger than the spacing of nuclear hyperfine levels,

Another aspect is measurement of energies with higher

resolution, The energy resolving power is given by

8B, 1070 12
5 NTE

10

10

]

Thus encrgy of gamma~rays is defined here to 1 part in 1012 and

hence extraordinarily small energy differences can be measured,
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Total cross~section for resonant absorption of gamm-rays,
in case of F957,is about 200 times as great as that of next
important process, photoelectric effect. The resonant process
is,therefore,dominant even if the presence of radiocactive nuclei

is in minority.

2.6 RECOILLESS FRACTION

With the help of Iamb's theory, Mossbauer could calculate
a finite probability for recoil free process, This is.known as
'recoilless fraction', Its value is zero for a free atom and
increases with lattice regidity. The classical and gquantum
mechanical theory |39| yield following expression for recoilless

fraction.

2, 2
f = exp [ - iﬂfﬁng ] .. (2.12)
A

where <x2> is mean square displacement of Mpssbauer nuclide in
the direction of gamma—rays; and J represents wavelength of

gamma-ray photon.

Thus to have fairly large probability of recolilless process
<x2>/:22 <<1 i,e. the mean sguare displacement should be very

small in comparison to wavelength of gamm-ray.

2.7 DETAILS OF WMOSSBAUER ISQTODE

0057 isotope { parent nucleus of Mossbauer isotope Fe57)

has been used in present investigations. Preference for this
lies in the following reasons. It has got low lying gamma-ray

re

level, which causes low recoil ¢nergy and hence high recoilless
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fraction even atroom temperature { f~0.80), with suitable line
width, Its helf life is 270 days, It has got low internal
conversion cocfficient and high value of resonant absorpiion
crass-section. The natural abundance of re’! is about 2/, Above
all, iron is a transition metal most ccmmon in day-to-day life
having familiar compounds and alloys, The decay scheme oi 6057
isotope, responsiblefﬁr emitting 14.4 keV Mossbauer gamma-ray,

has been shown in Fig, 2.2 and important physical parameters |[10]

are given in Table 2.1,

2.8 CHOICE OF A SUITABLE 'HOST MATRIX' FOR GAMIA~RAY SOURCE

4

To observe recoil-free gamme-rays, the sSource is placed
in & lattice known as 'host matrix', Number of criteria determine

the selection of a suitable host matrix |15] which are as follows,

Tirstly the lattice should have high Debye temperature to

ensure high probability of recoil-free gamm-rays, Secondly the
lzttice should be metallic or ionic which gives largest 'f!
factors, To obtain narrowest possible Torentzian line, each
source atom shceuld be placed in precisely equivalent lattice
sites having cubic symmetry., The host metrix sheuld also not
produce interfering X-rays, compton scattering etc, so that it
gives maximum signal to neise ratio., 4Above all the source should
be chemieally inactive and it should not react with the atoms

of host matrix,.

For 6057 isoteope, the cormon metrices used are Cr, Cu, P4
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TABLE 2.1-IMPORTANT PEYSICAL PARAMETERS OF 14.4 XeV
MOSSBAUFR GAMMA-RAY TRANSITION

(1) Measured Froperiies

Energy of gamm radiation,EQ'
Half life of excited state,T1/é

Total internal conversion.
Coefficient, L

Natural abundance of isotope,TA

Spin and parity of ground
state, Ig

Spin and parity of excited

state, I,

Magnetic moment of ground
sta
te’fﬁg

Hagnetic moment of excited
state,fte

Quddrupole moment of excited
state,Qe'

(ii) Derived parameters

——— T AT

Maximam resonance CrosSse—
section, S

Hatural line width,fﬁ |
Observable width, Wb

Recoil energy, ER

Hmwfmmmmtme,%)

Recoilless graction,f,
with 9D=42O ¥

T ™ . s 4 A

14.41303 + 0,00008 KeV
97.81 + 0.14 s

8.21 + 0.12

2,14 7,

1/27
3/2”

+0.090604 nm

Y

-0,15491 nm

+0.21 + 0,01 barns

~-18

2.566x107 10 cn

4.665%1077 eV (0,096 wwa/s)
0.1940 mm/s

1,956275x10™2 eV
420°x,
£(300°€)=0.79, £(90% )=0.92

. L =R



and stainless steel. Of these P4 is considered fto be most

suitahle matrix.

2.9 HYPERFINE INTEEACT

A mpjor povticn of resaearch papers on Mpssbauer spectrom
scopy deals with the study of interactions of nucleus with
surrounding electrons, These are known as -~'hyperfine inter—

actions' and are of two types.

2,9.7 ELECTROSTATIC TNTERACTION

It ig an interaction between nuclear Charge density
Q(i) and electrostatic potential V(x) arising from 2ll extra

nuclear charges and is given as
B =/ % f(i)[v ) (,QE_) X+ 1-22( QEK- ) X it ]
= I “ '3{, 0 ] 2 A L] LI B
© 07y " BXLT0 T 2y X0, 70T
oo (2413)
where integration has been teken over entire nuclear volume,
In the above expression the second and fourth terms are zero

as the integrand is an odd function, Magnitudes of further

terms are negligibly small, Hence only first and third terms

of ( 2.13) will be discussed,

2.9.12. MONCPOLE INTERACTION OR ISOMER SHIFT

The first term considers two approximations (i) nuclets

is spherical in shape and (1i) charge density is uniform,
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The correction term &E { in interaction energy) which accounts

for nuclear size [13|, is given by

bE = '%E“ Zeg{"f/(o)léR2 .o (2.14)

where e[‘f’(o)[2 represents electronie charge density in the
viceinity of nucleus ( since contribution of only s electrons
is dpminéting, this quantity will be referred to as s-electron
density hereafter) and 'R!' denotes radius of nucleus, As 'R!
for excited and ground state is different, &6E for these will
be different. The situaticn has been depicted in Fig, 2.3a
for source and absorber both. The energy difference between
excited and ground state is given by ES and Ea in source

and abscrber respectively, Isomer shift '6' is defined as
| 4y .2, BR\ o2 2 o, o2 .
6 = (BBg) = 226" () B [[%(o) [ MAOIN MERLY

where 8R = R, ~ R 3. The Mossbauer spectrun will show a
& .
resonance line shifted from zero velocity ( Fig. 2,3b) by an

amount equivalent o '6!.

1§ for Fe !

is negative [39[, hence isomer shift is
smaller for absorber having larger s—electron density and
vice-versa, fThe ghift also depends upon number of 'd! electrons
because they spend part of their time nearer to nucleus than
s~¢lectrons and hence produce screening effects, Thus Fez+(d6)
ions have larger isomer shift than Fe3+(d5) ions, The

variation of isomer shift hag been found to be in the
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following order:

Fe2+(ionic) > Fe3+(ionic) > Fe2+(covalent) > F83+(Covalent)

249,1b, QUADRUPOLE INTERACTION O QUADRUPOLE SPLITTING

The second non zero agnd effective term in eqn, 2,13 is
guadrupole term arising out 0f the interaction between quadru~

pole moment and gradient of electric field,

L)

By avnpropriate choice of coordinate system, the compo-
nents of electric field gradient (EPG) tensor are reduced to

threes V , sach that

xx’ Vyy’ sz

Vey * Vyy *+ Vpp = O and |vzz]>[vyyl>[vxx]

Twe new parameters are introduced, These are

Y, .~V
q = sz/e and =BV . (2.16)

sz

‘V]' is known as ‘asituietryt paraneter.

The quantvm mechanical analogue of guadrupcle interaction

ie given by [13],

T e i - 2 2
H, = Ezfgﬁi?S [ 317 = WI+1) + V2 (15 4 1)) .. (2.17)

where IZ is 2z component of s»in I and I+ and I are raising

and lowering cperators, The eigenvalues of egn. 2,17, .
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in axially symmetric system, are given by

. .
B, = 98 73w ~ 1 (I41))

e (2.1
? 41(21-1) (2.18)

57

For Fe” ', only I=3/2 level splits into two sublevels correspon-—

ding'to my = & 3/2 and + 1/2, The energyseparation between

these two levels is

1 2
ﬁiEQ = % €49 ce {2.19)
‘g;EQ' is called quadrupole splitting (Q.S.). The Mossbauer
spectrum in this case is a doublet with energy separation of

PéﬁEQ'. The level scheme and Mossbauer spectrum hgve been

depicted in Fig, 2.4.

The intensity of daublet has following angular depen-—

dence |20/,

Transiticn Angular dependence
+ 3/2 = + 1/2 (1+ 00828)
12+ 1/2 (5/3 ~ Cos°8)

where '6!' is angle between crystal axis and gamma-ray direction,
This dependence will be only in case of single crystals., 1In
powder samples doublet components are of equal intensity due

to rendom orientation of crystals,

. e 2+ i
(8, values are characteristics of Fe™ and Fe3+
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compounds with further differentiation of low and high spin

state |20|. The largest quadrupole interaction has been found

o+ low

2+

in the case of Fe2+ high spin compounds followed by Pe
Spin. QeS. 15 also indicative of site distortion, Thus Fe

3

low spin and Fe * high spin compounds having near occtahedral
surrounding show less (Q.S. than those having tetrahedral .or

any ofher symmetry less than cubic.

2.9.I1 MAGNETIC DIPOLE INTERACTION OR NUCLEAR ZEBMAN BFFECT

This effect is a result of interaction between nuclear
dipole momerﬂ;ﬁA and the magnetic field H, This field my be
an extermally applied or due to the atom's own electrons, The

hamiltonian of this interaction is given by

=i

Hy= e B= - g1 .. (2,20)

The energy eigen values are given by

E, = - g MF .. (2.21)

Thus in case of Fe57, 1 = 3/2 splits into four and I = 1/2 into
two levels due to this interaction, The transitions are
restrictéd t0 six in number because of sélection rule £)1n1=1,0.
The resulting Mossbauer spectrum will, therefore, consist of
six lines. The value of intensity of allowed transitions
alongwith their anguler dependence and energy position of

splitted levels has been shown in Table 2,2, The spectrum
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and energy level scheme are projected in Fig. 2.5. °

The angular dependence of intensities of sextet com -
ponents 35 :as follows; (i) For a random orientation of H
with respect to gamma-rey, the intensities are in the ratio
Z3e2311:1:2:3, (ii) when H is perpendicular to the direction
of gamma-ray, intensity ratio of lines is 3:4:1::1:4:3; and
(iii) In case of axial magnetic field, the intensity ratio is

3:0:1::1:0:3,

The effective magnetic field is a sum of three quantities

as follows:

H=H, + B +H e (2.22)

The term 'Hc' is called Fermi contact interaction and arises
as a result of direct coupling between nucleus and s-electrons,

It may be writtenas

Hy = - J-gﬂ/b}B @ (W) 2~ [W(0)[2)> vu(2.23)

where |q/(o)|§?and |V’(o)lgwrepresent gs~electron density, at
ﬁucleus, of electrons with spin up and down respectively. The
difference between these {two remains non gero even in the
presence of filled s-shelis, This happens because of the
difference in interaction between spin up-3d and sﬁin down-3d

electrons,

Another ternm, HL’ in 2.22 grises due to unquenched
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orbital noment of the atom and is

5Ty | e (2.24)

B, = - Mg <
where T is orbital angular momentum, In metallic .iron this

term is estimated to be +70 XOe, This is zero in the cases

where 'd! level is partially (d°) or fully filled (a19)..

HD in 2.22 origimates frem the interaction between the

nuclear and electronic dipole and is given by
Ho o= =2ph, GE(E.E)/10 - B/r> (2.25)
D //B . ] -0 L ]

Its magnitude in the case of iron is many orders of magritude
smallér than Hb. In cubic materials where spin-orbit coupling
is absent, this term is zero. Cf the three interactions
described above, the most dominant one is Fermi contact inter-~

action and its direction is opposite to those of the other two,

249,111 COMBINED ETECTRIC AND MAGNETIC INTRRACTION

In certain cases €.,&, a~F6203 both the electric guadru-
pole and magnetic dipole interactions are present simultaneously.

Here the energy values are given by [40],

("1)lml[+1/2 g0 (300326-1)
4 2

D= g, Hm + 0e(2.26)

where '8! is angle between directions of EFG and mengetic

AX1s,
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When 6 = 0 i.e,,the EFG axis is along the magnetic axis, the

enetgy is given by

1/2 2
myl+/ €99 .. (2.27)

Ez"g/"LrleI+(—1) .

The splitting of levels is shown in Fig, 2.6a,

When 6 = 900, the energy values modify to

1/2 2 .
E = ~gu4H np + (-:f)lml[+ / 2299 (-1/2) .o (2.28)

The energyv levels have been d epicted in Fig, 2,.6b,

When 6 = OO, the magnitude of guadrupole splitting is
given by , from Mossbauer spectrum, (£b56~5512)/2 {where

5556 is energy difference between 5th and 6th line and 4}12

is that between 1st and 2nd line), In the case 0 = 900, the

same is defined as (4556 -4512).

2.10 SUPERPARAMAGNETI SHM

Within recent years, & relatively new field, superpara-
magnetism { spm ) has made tremendous use of Mossbauer spectro-
scopy. The concept of spm was originally advanced by Neel [41]
and is concerned with the particles, of magnetically ordered
syétems, having sige so small that thermal energy starts
playing a significant role in its magnetic behaviour, The

oroblem has been reviewed |42,43| showing that thermal energy kT,
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at temperature of experiment, is sufficient to randomise the
magnetisation of cluster in a time short compared to that of
experiment. An assembly of such clusters is analogous to
peramagnetic particles and is called as 'superparamagnetic’',
The system has got much larger magnetic moment,rb, then that

”

of paramagnetic system., Indeed, it may degeribe a cluster

5 atoms coupled magnetiecally, However, the

containing upto 10
cluster-cluster interactions are absent. That is why hysteresis
effect remains absent which are normlly shown by magnetically
ordered materials. 3pm has been observed in systems'haﬁing

ferro 44|, antiferro |45| and ferrimagnetic |46| ordering,

The application of Mpssbauer spectroscopy in analysing
the magnetic properties of individual species in & superpara-
magnetic cluster arises from the fact that the effect sees the
behaviour of individual particle. However, the presence of
spm will have to be confirmed from an independent experiment

( magnetic susceptibility etc,).

Mossbauer spectra cof spm systems are similar to those
of paramagnetic systems at room temperature due to relaxation
effects, The spin relaxation time,'according to Neel [47],

is exXpressed by

t% = (1/f0) exp (KV/kT) .. (2.29)

where fO is a temperature insensitive constant of the order of

- 1010 ¢/s, K is effective anisotropy constant, V represents
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particle volume and XT represents thermal energy. In the case
of fine particles( spm) KV<kT ]48|. With decreasing particle
size and increasing temperature, T¢ decreases, At certain
point this is just possible that spin relaxation time is smaller
than the nuclear Iarmor precession time (~v 10_8 sec, in usual
iron compounds and alloys), Nucleus, thus,dces not see any
effective mngetic field and hence six line Mpssbauter pattern
collapses to either a doublet or a single broad line., The
effects of spm,on the Mossbauer spectra, have been studied
widely by varying perticle slze and temperature of measure-~
ments | 45,46,49-53|, The caleulation of intensity ratio

of magnetic pattern and doublet Cue to spm and its variation
with tempesrature has led workers to conclude about the distri-
bution of anisotropy energy and particle size |4,54-56].

Krop et.al, |54] have recenfly discussed the calculation of
relaxation time of spm particles with the help of Mpssbauer

spectra,

The observation of spm in soils, clays and many natural
samples has been established by taking Mpssbauer gpectra at
roeom temperature and liquid nitrogen ox liquid helium tempe-
rature and by comparing the ratio of magnetic to paramagnetic

part of the spectrum which increases at lower temperature|56-58],

2.11 APPLICATION OF MOSSBAUER SPECTROSCOPY IN STUDYING NATURAL
SAMPLES

The mineralogical and gcochemical applications of



Mossbauer spectroscopy have developed rapidly cver the last

few years, Although some studies have been done with tin and
tungsten isotopes but a vast majority of the work has been

performed with Eé57

gamma ray source, One of the ieasons

is the wide and varied distribution of iron inside the earth's
crust. It is among the most abundant elements in nature and
constitutes about 5/ by weight of continental crust and 7/

by weight of the entire crust, Accordingly, the natural solid
inorganic materials of lithosphere e.g, rocks, soils, sediments,

muds ete, typically cortain iron in amount sufficient for

investigations by Mpsshauer spectroscopy.

With the help of Mosshauer spectroscopy one cah get
information about (i) oxidation state of irom, (ii) electronic
configuration ( e.g., low or high spin), (iii) cocrdination
symmetry about iron atem and distortion from thece symmetries,
(iv) structurally distinet cation positions, (v) quantitative

estimtion of Fe®

* and Feo* both in different phases, (vi) Semi-
quantitative estimation of iron containing minerals in bulk
samples such a® lunar rock or a meteorite and (vii) estimation
of particle size of mineral grains which indicates whether

a mineral is well crystallized cor not.

In the pvre-Mpssbauer era, the determination of oxidation
state of iron, was a problem, The commonly available methods

.8+ X~ray analysis and electron procbe were unable to distin-

2+ 34

guish between Fe”" and Fe” ., Whereas chemical analysis gave
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unreliable results especially when the mineral dissolves with
difficultyor when other transition metals are alsc present,
Mossbauer spectroscopy has got the carability of distinguishing

ferrous and ferric iron qualitatively aswell as quantitatively.

Iron exists commonly in two valence forms and passes
relatively easily frdm one to other as a result of oxidation
or reduction, The determination of F62+/F83+ in a rock or
sediment sample can, therefore, provide information on its
geochemical history, This ratio is 2lso of considerable
geoleogical importance in explaining such phenomena as colour,
pleochroism, oxidation and weathering of minerals. The
expansion of raleomagnetism during last several years has
focuseed attention on solid state physics and chemisfry of
rocks particularly those which are chiefly resﬁonsible for
magnetic propertics, The minerals showing magnetic promerties
are essentially all iron-bearing, An understaﬁding of rock
magnetiem requires identification of magnetic mineral phases
and their respective grain size, which can be done by this
technique successfully. This technique has alse led to
superior petrographic information, particularly on fine
grained rocks or poorly crystallised sediments, even in case
of specimens which have already been studied through other

methods,

The Tirst studies on minerals were started shortly
after the d iscovery of lMpssbauer effect, Magnetite was studied

by Bauminger et.al|58| while hematite was investigated by
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Kistner and Sunyar |59, Later on Decoster et,al, studied

. Sprenkel-Segel and Hamna |61] have

natural silicates |60
done studies on the distribution of iron in stone meteorites,
4 large number of investigations have been performed- since
then with a considerable divergence of interests to collect
data of geological significance, Some review articles|62-64 ]
have been published which tell about the growth of application
of this technique in tackling problems of geological and
mineralogical importance, Recently it has been applied in
studying lunar samples brought by Surveyor, Apollo and Luns
missions, A review of these studies has been given by

Hafner |65

2,12 INFREARED ABSORPTION SPECTRCSCOPY

2,12.1 INTRODUCTI ON

Infrared (IR) absorption spectroscopy concerns with
studying the absorption spectrum of a sample with the help of
infrared radiations, Wavenumber range of trese radiations lies
from 250 to 4000 cm“1. Thus infrared radiation is a moving
electric field oscillating at frequencies qf.1012 ~ 104 Hz.
The intermal movements of the atoms in a molecule with respect
to its eentre of mass occur within same frequeney range. Hence
whenever IR radiation, of the same frequency as those of
vibrating atoms in a molecule, falls on it the same is absorbed

provided the atomic vibration ig coupled with a changing

Cipole moment, The energy thus absorbed is rapidly discipated
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in less than 10"6

sec.through either transforming into kinetic
gnergy or releasing againas photon. As the direction of
liberated photon is random in space and the absorption can

be repeated for such a photon on its way through medium, the

reemergence of once absorbed photon is least probable,

There are geveral modes of vibration for each atomic
group which are dependent on inter-atomic distances, bond
angles and bond forces, and the relative masses nf constituent
atoms, Bach of thesc modes has a characteristic fregquency
and is normally independent of other modes, The IR absorption
spectrum, a plot between percent absofption of radiation gnd
incident wavelengths, will, therefore, be characteristic of a
particular material, Thus in addition to giving data on
structure and bonding characteristics within the molecules,

IR anmalysis’ can also be used in identifying different consti-
tuents in an unknown mixture., In contrast to X~ray diffraction,
IR analytical method is extremely sensitive to short renge
ordering and hence is an excellent tool for studying glasses

and amorphous materials,

2,12.I1 APPLICATION IN MINERALOGY

Infrared absorption analysis has been used extensively
and successfully in the study of organic compounds, however,
literature on inorganic compounds is comparatively less. Its
application in the field of mineralogy is possible due to the

fact that most metal-oxygen bonds have fundamental vibrations



in the region 850 to 2000 cm'1. 411 silicates, whose occurrence

is quite'common in nature, show marked absorption near 1000 cm_1
caused by Si-0 siretching vibration, with 8i-0 bending vibrations
at short' wavenvmbem 665 to 400 cm-1. The 33d-1000 cm"1
region ig alsc the region of fundamental vibrations for moest
of the inorganic salts e.g. carbenates, nitrates, sulphates,
rhosphates ete, that occur in the terrestrial rocks, and thus

it is the region of parsmount interest to the mineralogists.,

Infrared enalytical technigues are capable of distin-
guishing four major groups (a) minerals of relatively constant
composition ( e.g. cuartz) (b) mineral that exhibits rangesrof
composition { e.g. between two end members as in the plagioclase
feldspars and olivines), {c¢) minerals of constant chemical
composition but with different crystal structures { e.g. 8102
as quartz, tridymite, cristobalite etc.) and (d) minerals that
vary betl in chemical composition as well as crystal structure.
The ability of IR technigue to distinguish between two types
of water— one that is lost at or below 110°C ( génerally
called adsorbed water on surfaces) and other that is evaporated
well above 110°¢ ( called '' constitutional watex!') is an
additional attraction to mineralegists. This is possible
due to appearance of different absorption peaks of water

because of differing degrees of freedom of hydrogen bonding
in various forms [66,67|. White and Burns |68| have predicted
the preserce of'hydronium', (H30)+, ions in micaceous mineralis,

Some of the useful articles regarding IR anzalysis of minerals
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nave been written by adler |69], Hunt et,al,|70|. Grim |71]
has reviewed IR studies on different clay minerals,

Thus IR studies are guite helpful in identifying minerals
in & rock sample, in studying the structure of various minerals,

the type of water present in & mineral etc,

2.13 DIFFERENTIAL THERMAT, ANALYSTS

2,13, INTRCDUCTION

The study of thermal reactions, taking place at higher
temperatures in a sample, dates back its history to about
1887 when Le ChAtelier |[72| tried to determine the constitution
of different clays by heating them ané finding the rate of
change of temperature at different tempersatures. The drawback
with this method was that the differernce in rate of heating
due to changes in the substance * itself could net be distin-
guished from thqse due to extermal causes, To overcome this
defect, Roberts-Austen |73| devised the differential thermo-
couple method for measuring temperature differences between
sample‘and a reference body which does not uhdergo any physico-

chemical transformation upto the maximum temperature to be

sttained.

Thus in differential thermal analysis (DTA),one heats
two separstely contained samples simultaneously ( one that is
to be analysed and the other which is reference)., The tempe~

rature difference between them remains zero, shown by a bhase
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line, till there is no reaction taking place in the amalysing
sample. As soon as reaction starts, the difference between
ihe temperatures of the two is indicated by a dip if reaction
1s endothermic ( because now the temperature of sample will

be less than that of refercnce) and by a peak if reaction is
exothermic, indicating that temperature of sanmple is more then
that of reference material. No sooner than reaction is over,
the pen of recording system returns to base lime indicating
that the two samples have returned to zero temperature
difference again, The reference material normally used is

glumina,

There are a number of changes which take place on heating
and give rise to evolution or absorption of heat, Reactions
involving crystallirsation, oxidation ete, are exothermic
whereas phase changes, dehydration, decomposition and crysta-
lline inversions are generally endothermic, The more energetic
the reaction, the greater the amount of heat evolved ur
abgorbed and the large will be the area covered by peak or
dip on differential thermal curve. There aré some reactions
which begin slowly and gain impetus as temperature rises,

Tnese show a broadening of peak or dip at low temperaturc

side and a2 rapid fall on the high temperature side, Crystelline
inversion is a quite rapid raction and hence is shown by &
sharp dip. Broader peaks are shown by sluggish rveactions.

The position and shapé of peak or dip is dependent on the

presence of impurity, grain sige, degree of orystallinity of
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sample and alsc on hegting rate,

2,13,.11 AFPLICATION IN MINERALOGY

Although differential thermsl analysis was devised in
1899 and was widely used by metallurgists since then, it was
only in 1913 that Fenner |74| applied this technique in the
field of mineralogy. ©Since that time DTA has become a common
method in mineralogy and geology. The DTA technique, as an
analytical tool, can not distinguish a completely unknown
material on its own, It is more effective when used in

conjunction with other analytical methods e.g., X~ray analysis.

Silica minerals have been studied in considerable detzil
by this technique |71]. Keith and Tuttle |75 demonstrated
that the o =B inversiocn of qwarté was in fact quite variable,
an imvportant result with applications to geothermometry.
Grimshaw and Roberts |76] have shown that DT4 of rocks e,g.
fine grained quartzite,gives lower results for silica contents
than X-ray arnd chemical methods which has been suggested to be
due to occurrence of chalcedonic silica which does not give
¢ reliable thermal effect at inversion. Thig technique has
also been applied for the study of minefals of iron oxide|77-78!,
aluminiun oxide |79|, carbonates, sulphates, nitrates etc,

4 large body of data on DIA studies of minerals may be

obtained from the index of Mackenzie |80].
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3,4 INTRODUCTION

In a Mpoosbauer spectroscopy experment one observes a
resonance absorption of recoil free gamme-rays being emitted

F957m ( in present case)., Resonant absorption

by an isotope
is possible only if the nuclear levels involved in transition,
cf absorber { obvicusly a compound or alley of iron) are
having the same transition energy as that of . incoming

recoil free gamma-rays, This is, however, a rare case and

the abovesaid levels have been found to shift or split due

to hyperfine interactions, as has been discussed in chapter 2.
The resconance absorpticn i1s achieved, in Mpssbauer experiment,
by mocifying the energy of recoil free gamma-ray (14.4 KeV

57m) through producing a relative motion between

in case of Fe
the source and the absorber within a suitable velocity rangz.
The modification in energy is governed by Doppler effect

and is given by

where positive velocity refer to the direction when source
is approaching toward8 the abosrber and negative velocity
to the opposite motion, Since the shift or splitting in

the nuclear levels is of the order of 107/

eV 0 1072 ev,
velocity of the order of mm/s are sufficient to modify the
energy of recoil Iree gamna ray so as to observe resonant
absorption. As has been discussed in chapter 2, the width

of recoil free gamma line is of the order of 10*8 eV, (in case
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57m

of 14,4 KeV of Fe? '), hence a very precise and vibration and
distortion frec drive system is required for the motion of
source so that the gamma~line is not broadened, Thus a very
rrecise way of meagsuring quite small ehergy differences is at
hand, This precision is,however, in the relative sense and

not in the absolute measurement of energy. BHReview articles

by Benczer-Koller {81| and Kalvius |82| have recently appeared

on instrumentation in concern with Mgssbazuer spectroscopic

e¥periments.

3.2 MOSSBAUER SFECTROMETER

In comparison 1o many other spectroscopic experiments

the basic lMossbauer equipment is rather simple and inexpensive,

The block diagram of the Mossbauer spectrometer ussd in the
present investigation is shown in Fig,3.1, It consists basically

57

of Mossbauer isotope ( Co”' in present case) fixed upon a

drive mechanism which imparts a known and controllable velocity,
an absorber ( sample to study), a gamma-ray detector with
associated amplifying and sorting egquipment and some sort of

data storing device e.g., a4 multichannel amlyzer. Fach of these

will now be discussed briefly,

3.2,1 MOSSBAUER SOURCE

The isotope which is used as gamme-ray source in Mpssbauer
experiments is diffused in a suitable lattice usually referred

to asthost matrix' so as to obtain meximum possible reccil free
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fgamma radiations with least intefering radiations which increases
signal to noise ratioy The criteria for chosing a suitable

hosﬁ matrix has already been discussed in section 2.8, One

of them is that the Debye temperature of the lattice after
putting the source in'host', shcould be much larger than recoil
energy., The effective Debye temperature,when Mpssbauer

nuclel is introduced as an ilmpurity in a host lattice, is

given by |83

In .
host 1 1/2
) = B [ —— .o (3.2)
eff D mlmp ]

where mhost and mImp are rasges of host and impurity atoms

respectively while 6. is Debye temperature of lattice. Thus

D
to increase Beff’ Oy ost > n or the host matrix should have

1mp
largey atomic mass than that of Mgssbauer atom. After
considering all the factors Pt, Pd, Cu hawebecn found to be
suitable host matrices.0f these Pd matrix has been found to

be a reasonable compromise while considering recoil free

factors, chemical inertness, line width, interfering radiations,

There is no fixed procedure to prepare a good source and
the literature |[84,85] indicates it to be trial and error method.
The methods of inserting the radicactive isotone in suitable
hest arce generally of three types (i) diffusion of isotope
in host {19|, (ii) crdinary synthesis of a compound having
parent nuclei |86],(iii) by electroplating the activity on

. host lattice |87],
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The sources used in the present study were (a) 0?7 in
Cu matrix with initial activity of 3 mCi and (b) Co’! in Pa
matrix with initial activity of 5.5 mCi ., These were commercially
certified and were purchased readymade from Bhabha Atomic
Research Centre,3ombay, India. These were mounted on Hpssbaucr
drive so as to obtain their motion within required velocity

range.,

'5,2,1T NOSSBAULR DRIVES

A Mpssbauer spectrum is a plot between count: .rate and
relative velocity between source and absorber, Thus a system
which is capable of giving desired welocity to source or
absorberforms an essential part of a Mossbauer spectrometer,

This system is celled 'Nﬁssbauer drivef, Spectra can be recorded

in two modes., In ‘'constant velocity' mode the source is moved

by giving a particular constant wvelocity for a preset time
during which the transmitted gamm2 ccunts are recorded, Simi-
larly different constant velocities are given for the same
preset time and transmitted gamma counts are recorded
corresponding to respective velocities, In this way the
spectrum builts up peint by point. The drive used here should
be able to provide constant velccity and hence is known as

'constant velocity drive'. 1In 'constant accelaration mode',

the source is given a k¥nown range of velocities ( say from
~v to +v mm/s) ir one cycle, The motion of the drive is such
that rate of change of velocity remains constant, The trans—

mitted gamme counts corresponding to each velocity are recorded
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simultaneously in a data storing device e.g. multichamnel
analygzer. The cycles are repeated twice, thrice and so on upto a
definite time and the whole spectrum is recorded simultaneously,
The data 1is stored till a measurable gbsorption is observed,
The drive used in this mode is known as ! constant accelaration
driver', \

Mossbauer drives are meinly of two types. The mechanical
drives which give motion 0 source mechanically with the help
of motor while elsctromechanical drives use & predecided electrical
signal and convert it to mechanicsl motion, ZXoth of these

types will now be discussed,

342,11 a. MECHANICAL TRIVES

The mechanicél drives make use of rotating discs [88],
cems |89, lathe |90|, lead screws |91] ctc. Of these the most
applicable is cam driven type. The full assembly consists of
motor, a reduction gear system, and a cam. In order to have
a constant velocity, the cam is cut with great precision and
have three regions, defined by polar egquation, (Fig.3.12 of

Ref, 19],

r =2a + bs Region A
r=2a - bh egion B
r =a Region C

where 'r' is radius vector. A follover capable of carrying

Source or absorber is presscd on fto the cam with spring., The
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cal is driven by a motor at a fixed rpm, the angular velocity

of can converts to linear velocity in the follower system. The
velocity is changed by changing speed of motor ( or rpm) with

the help of a gear system. During the rotation of cam, the
follower moves forward during region'd',backward during region'3B'
and remeins stationary during region 'C', Region 'C' of cam helps
in chekeing stability of electronic system. In this manner
different constant velocities are given to source, Mechanical
drives are very simple, less expensive, and their associated
electronics is also simple, Extraneous vibrations, mechanical
wear and tear and limitation of its use in constant velocity
motion only, where the drift in the counting equipment becomes
important, are certain disadvantages which make them less popular
Further the range of velocities, in these drives, is restricted

to about one or two cm/sec, because of vibrations. The study

of complicated spectrum,therefore,can not be made with these

drives, .

3,2,11"b. BLBCTROMECHANICAL IRIVES

BGlectromechanical drives are much more widely used than
the mechanical drives because of the ease of their operation,
large coverable range of velocities, and practically little
problem of drifts in counting system, Another point in its
favour is its applicability in both constant velocity as well
as constant accelaration mode with equally good accuracy., The
cssentials of an clectromechanical drive include electrodynamic

transducer, furnction generator and amplifier and feedback
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system for stabilization of the mechanical motion, The electro-
mechanical drive fabricated and used for the present investiga-
tions is of Kankeleit type |92,93|. Only a brief account of it

vill be given, the details are given elsewhere |94].

The electromechanical transducer used in presenf investi-
gations have been shown in Fig. 3.2. It consists of two permanent
magnets rigidly connected back to back with brass bolts and an |
aluminium disc as spacer, The permanent magnets produce a ﬁ}eld
of about 5000 Gauss in the radial air gap of 0,18 em, The
field is kept constant to less than 0,3/ over a length of 8 mm
in axial direction, Pick-up coil and drive coll are wound on
separate latheroid paper ( 5 mil) which are in turn mounted on
aluminium holder and each is screwed near the opposite ends of
a stainless steel rod passing through the axis of magnets. One
end of the coil heolder, of length 10 mm, passes through air
gap between magnetic poles, Winding of coil has been done in
5 mm of the length passing through air gap between magnetic
poles, The number of turns in érive coil are 64 ( in two layers)
of the enamelled cobper wire of gauge number 32. The
construction of otrer holder is similar at which pick-up coil
is wound., In this case the enamelled copper wire is of
46 gauge and number of turns are 800 ( in 4 layers). Two
phosphor bronze springs ( Fig. 3.3), each attached at the
oppesite ends of gtainless steel rod passing through tle axis
of magnets, are shaped in such é way that the radial displacement

is minimum and moving system is held up friction free on the
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FIG.3.3 . PHOSPHOR BRONZE SPRING .
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axis, These sﬁrings are better than those used previously by
Fankeleit |93] in that thc férmer show less tendency to resonate

~and ares more sturdy.

The next important part of the drive system consists of
function generator and amplifier and reverse feed-back system.
In present set up the signal was generated from multichannel
analyser, a data storing device, This is done by placing two
bistables into their different stable states according to the
guarter which is chosen, or by one bigtable for the two halves.
If, in the time mode, the signal generator is closing the last
channel of first half, for instance, and opening the first channel
of second half, one bistable will flip from one stable pgsition
into the otheericemversa when first channel of first half is
opened after the last channel of second half is closed. The
cutput of the bistable will generate a square wave signal. Thus
obtained square wave signal is then given to squarer unit,
consisting of one operational amplifier with two pairs of
zener diodes, so as to obtain pure square wave. signal. This
Square wave signal is then integrated to obtain triangle signal.
The triangle waveform is then diverted to two paths., At one
path it acts as reference signal and sent to drive circuit
for comparison with pick-up coil signal, In the other circuit
the waveform is further integrated to obtain parabolic sigral
which is sent to drive coil to give the source constant
accelaration motion, Circuit diagram of reference signal

generator bas been shown in Fig.3.4.



1Ndino

* HOLVHINGD

IAVYNDIS 3IDN3Y3ISI3H

T ¢rETOd

104
ATE-
#oL
AZi+
ol
3 Gt
> EHE
i_l
AN ANV — — 1y
L 724 LHY J////Hu —
weo!

“1F
e
AZi—
r L7
£7E
E7E L,y

AT+

»oo}

LNdiNI

" 2aD0bS
W] —C vOW



*47f

_ After generating reference signal and drive coil signal,
the feed-back circuit will be discussed., The function of this
circuit is to transform the drive signal so as to impart, to
source, a velocity that is very accurately proportional to the
reference signal, Complete diagram of feed-back circuit used in

present investigations, is shown in Fig. 3%,5.

The parabolic pulse given to drivg coil fofcesthe rod,
passing through the axis of magnets and baving radicactive
isotope fitted on its pick-up coil end, to move along the axis
of magnet, The motion is such that accelaration or rate of
change of velocity is constant, However, the motion does not
represent pure parabolic curve because of air resistance, air
vibrations etc; Hence the pulse in the picke~up coil will also
not be pure triangle because the pulse in this coil will be an
induced one duec to motion of the rod in the magnetic field,
This triangle wave form is then matched with reference triangle,
The error thus obtained is amplified, in present case the gain
is 50, and then _sent to integrater, 4 further gain control
has been provided for integrated signal which gives total
gain achieved through feedback circuit of the order of 3750.
Thus cbtained parabolic pulse is further amplified in a power
amplifier so that it is able to drive the massive transducer
armture, The resulting pulse is then sent to drive coil. 4%
this point the error in the parabolic motion is decreased due
to negative feedback, Again the pick-up coil sends a triangle

wave, but lesser inpure, and thc same process is repeated.
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In this manner the error is reduced to maximom possible extent,
In present case the error has bcen reduced to 0,2 percent of the
reference, Thus a very precise motion of gamma-ray source is

achieved,

These drives can be used in both constant velocity as
well as constaﬁt accelaration mode, To use it in constant
velocity mode the pulse to drive will be triangle while reference
signal will be square ., both of which can be obtained from

multichannel analyser,

To use Mosshauer drive in constant sccelaration mode, for
present investigations, parabolic pulse has been used.to give
motion to source, Another possible waveform is sinusoidal
waveforn to operate the drive in this mode, With a scanning
repitition rate of 5 KHz, the spectrum is taken essentizlly at
once, and one can sec the speetrum statistics improving as
counts accumulate in all channels. It is, therefore, possible
at all timés during a run to judge the quality of collected
infermation, ILong term drifts produce, if at all, only an
uncertainity in the size of the observed effect dbut do not

affett its shape as is observed in constant velocity meode,

In some special cases, when one is interested in scanning
a specific region of the spectrum, alternate waveforms such
as saw tooth or trapezoidal can be used, Methods for producing

suitable waveform have been illustrated by Cranshaw |[95],
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3.2.TI1 * BINARY FREQUENCY DIVIDER

Mossbauer spectra of natural samples having two or more
iron conteining phases are quite complicated and,therefore, are
difficult to resolve while using a 256-channel analyser, The
@ifficulty becomes even more when two or more phases are magnetic
at room temperature, because then one needs higher velocity range
which reduces velocity resolution. The difficulty can be overcome
by increasing the velocity resclution by the. introduction of
frequency divider, This divider allows the frequency division
of the square wave form, taken from 27 binary unit, by two or
four without changing the velocity of source, Thus in a time
when MCA sweeps through all of its chennel, the source moves
half or one Tourth of its original cycle according to the divider

uvsed and hcence the velocity resolution is doubled or guadrupled.

For present investigtions, the provision was made for
division of square wave frequency by twd and four, However, only
former mcde was found snitable enough for resolution of the
spectra of present studied gample, The division of the waveform
frequency was guided by the principle illustrated by Michalski’

et.al.[96

. Two basic circuits needed for recording spectrum
with division of frequency are (i) Freqﬁqncy divider end
(ii) Gates, which allow counts *to store in MCA only during a

particular part of drive cycle,

In the present circuit, IC SN7493 was used as frequency

divider ( Fig. 3.6a), Point % .on this IC vas given input from
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MCA clock (designated by 1A) which is a square pulse with

frequency equal to that of MCA sweep. The output is taken from
noint 8, a sguare wave with frequency one fourth of the original
(denoted by 3&), from peint 9, a sgquare wave of frequency

half of the original (denoted by 24).

To store counts in the wode, when frequency of drive has
been halved, the cutput 2A is given to squarer of drive, After

proper shaping, the square wave is given to €rive circuit at

one path and to emitter follower at second path (Fig,3.6b).

The output,denoted by S, is given to IC SN74 H21WN (Pig.3.6e),
which has beern used for gating purpose. Output fromusgA, denoted
by 1B, is given to another emitter follower circuit (Fig.3.6c).
The output denoted by ¥, is given to IC (Fig.3.6e). Here double
coincidence between S and Y ig achieved in such manner that when-
ever § is positive the gate opens otherwise remsins closed, The
ocutput,denoted by 2B, is then passed through inverter circuit

to match with MCA input (Fig. 3.6f). The output 2 goes-to

MC4A. Thus the counts are stored in the case when S is positive
whereas data does not accumulate when S is negative. Thus

counts corresponding to only first half of the drive cycls

are stored, The waveforms showing the accumulation of data

with drive -cycle frequency divide& by 2, have been shown in

Fig, %.7. Thus counts corresponding to shaded region only

are stored in MCA. In this way velocity resolution of the spec-

trum is doubled without affecting v because now-only half
e ﬁf’u”;‘
of the drive cycle hys taken time equal to tha,ﬁé‘i{e'}i"a
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in sweeping all the 256 channels.,

The data storage is obtained in the folloWing,mannér
when frequency of drive waveform is one fourth of original one,
The output 34 (Fig. 3.62) is given to squarer of drive unit.
The pure square waveform ig then fed to drive circuit at
one path and to emitter follower at other path (Fig.3.6b),
The output 'S!' is given to IC (Fig. 3.6e) used for gating purpose,
The owtput 24 is given to another squarer unit (Fig. 3.64) |
for proper shaping whose output 'P' is given to IC (Tig.3.6e).
Output from SCA,through emitter follower circuit (Fig.3.6c),
denoted by Y, is given to IC used for gating. purpese (Fig.3.6e),
Here triple coincidence is obtained between P,8 and Y. The
gete opens when both P and S are positive and data starts storing
through inverter circuit {Fig, 3.6f). If any one of these two
becomes negative the gate closes and counts do not store in NMCA.
The different waveforms have been shown in Pig.3.8. The data
accumulates corresponding to only shaded region. This shaded
region corresponds to energy of gamm-rays varying from
(Ey+Evv/c)'to Lywhere Byis energy of reccilless gamma-rays. o
obtain energies in range EByto (Ey-Byv/c), the inverter given
in e¢ircuit of Yig.3.6d is used, Upon inversion the counts during
other quarter of Y cycle are stored, while in the first quarter
of eycle the storing device remains iddle. Thus velocity resolu-

tion is increased to four times that of initizl.
3.2.1IV. ABSORBERS

A Mgssbaurr spectrum may be recorded in transmission as



"d33MS YOW 40 LVHL 40 HIHNOJ INO ADNINOIHA ONIAVH (uoibas papoys K4

Buimoysy ITDAD IAIET SO H3aLdvNO 1sHid 3HL NI viva 40 NOILVYINWNDOY OZ;%OIm SHWHYOd 3AVYM ~8-€°914

. Tiallds e GQ3AIY0 ()

T

4
¥

FIAVNIONHO 40 HIYNO4 INQO ADNIANDIYY ONIAVH IAYM INVNOS (D)
9%¢ l

Aok e — — — —

S VNIDOINMO JO 4TVH ADNIND3IYS HLIM IAVM 3dvNDS (0)

ace |




~52n

well as scattering geomctry. A sample, to be studied, can
therefore be used either as an absorber or as a scatterer, In
the present study, all the mepsurements were taken in trans —
mission geometry and hence the samples were used as absorbers,
To prepare ah absorber, the sample was, first of all, ground
finely in an agate mortar ( because of hardness of sample),
Since the width of lines increases with the 'thickness' of
sample { section 2,4.II), the amount of iron in the absorber
should be very small so as toa chieve Lorentzian line shape with
line width very near to { r; + f; }, This amount is normlly
very small to meke sufficiently strong pellet and, therefore,
is mixed with an inert matrix, boron nitride, in the required

amount. The pellet is then prepared by pressing the mixture,

3.2.V DETECTION SYSTEM

Most of the Ipssbauer sources are not monochromatic and
emit radiation of other energies simultaneously with Mossbauer
radiation, To have high signal to noise ratio one has to
" isolate the required Mpossbauer transition from the complicated
emission spectrum as efficiently as possible. The energy of
ganma-rays and X-rays encountered in Mossbauel spectroscopy
varies between 3=200 KeV ( the highest cenergy Mossbauer
transition, to-date, is 187 KeV). Three different types of

detectors are useful in this energy range:

(2) NaI (T1) Scintillation detector,
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(b) Proportional Counter.

(c) Ge(Li) Solid State detector.

Tor present studies, Argon - Methane gas filled proportional
counter was uscd for the detection of gamm-rays. Methane acts
es guenching gas to stop continuous clectric discharge by
dissipating the energy Dby dissociation, These have better
energy resolution and signal to noise ratio than that in case
of scintillation detector below 40 KeV but at the expense of

a low e¢fficiency.

Ge(Li) solid state detectors although give extremely good
energy resolution ( 600 eV at 14,4 KeV) but are very expensive,
Moreover they must be lept at ligunid@ nitrogen temperatures.

In addition, special amplifier cooled to liéuid nitrogen
temperature are normally essentizal for best resolution, These
are some of the reasons which make them less popular in

57

Mossbauer studies with Fe”' isotope.

A high voltage power supply ( ECIL meke) provided high
tension to proportional coumter ( about 1900 volts) and a
preamplifier was used for necessary impedence matching in
addition to amplifying, The pulses, in turn, were fed to
linear amplifier and then to single channel analyser ( both
ICIL make), The latter is set for 14.4 KeV peak, The pulses
then are fed to gate circuit of binary freguency divider
(section 3,2,I11) s0 thet cﬁunts are recorded only in the

desired portion of drive cycle and otherwise not., The output
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of gate circuit goes to two decade scalers, joined in series,
and to a 256-channel analyser operating in multichannel scaling
mode, The amalyser is of Northern Scientific make modsl NS-260
and is acting as data storing device, As the square wave form,
used for drive coil affer shaping and doubly integrating, has
been gencrated from MCA itself, there is no need of synchronisa-
tion of MCA sweep and drive coil sweep as they are already in
phase, This 1% necessary to keep velocity increment per channel
constant during every cycle of spectrum recording, The decade
scaler tells one the total number of counts stored, Since the

5

limit of each channel of MCA is 10° counts, overflow occurs

each time when this much counts have been stored in one channel

6

thus 25,6x10° total counts must indicate one overflow, however,

6 total counts during

it has been found te occur at about 37x10
prosent investigafions perhaps due to loss of some counts, Thus
total number of counts indicated in decade scalers gives onc
number of overflows occurred in each channcl., When sufficient
data has stored, decided by observing suitable absorption in
Mossbauer spectrum in CRT's screen, it is taken out with the
help of an Adox printer, which gi%é counts storcd in each
channel, These counts can be atmost in five digits. By knowing
number of overflows observed by each channel, one can get

total number of counts stored in each channel, Counts ave
plotted against channel number. Velocity/channel and gzero

velocity channel are alveady calculated with the help of

calibration Mgssbauer spectrum of natural iron., Thus a plot
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between counts versus velocity is obtained which is known as

Mossbauer spcctrum,

%5+3 CALIBRATION

The calibration of the Mossbauer speetra was done by
taking the spectrum of iron foil ( supplied by Rediochemical
Centre, Amersham, England) as reference., The source~detector
distance was kept at about 10 cm. sc as to avoid solid angle
effects. The selection of 14,4 KeV gamma-ray ( Mossbauer radia-
tion) was good enough to give aboﬁt 15/ absorption in each .of
the outer most peaks. The intensity ratio obtained was approxi-
mately 3:2:71::1:2:%. Value of full width at half maximum

( PWHM) = 0.295 mm/s and was about samc for all the lines.

3.4 DESIGK OF .CRYOSTALVE AND FURNACE

The need of taking Mossbauer spectra at low and high
temperatures may be due to several reasons. The high temperature
spectra may show some change in structure due to increase in
mobility of ions, Substances which are magnetically ordered at
room temperature  show transition to paramegnetic state at
higher temperature and thus their spectra at high temperature
me.y helyp one to know about their @urie or Neel point., The
recoilless fraction '£' of gamme ray increases with decrease
in temperature and, in fact, only few transitions show

appreciable Mossbauer effect at room temperature, This motivates
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one to take the spectra at lower temperatures. Some of the
substances which show paramagnetic state at room temperature mny
transit to megnetically ordered state at lower temperature,
Determination of Neel or Curie pcint of such substances, change
¢f structure at lower temperature ete, are some of the reasons

for observing the spectra at lower temperature,

The identification of substances in natural samples by
seeing their transformation at low and high temperature énd
studying the distribution of iron iens at different sites in
certain other minerals by taking their Mgpssbauer spectra at
lower temperature motivated the Tabrication of cryostat and

furnzce which have been describted in following lines.,

The cryostat fabricated for present investigations is
guitable for coaling down to 770K. Hence the coolant in present
case was liguid nitrogen. The comparatively large heat of
vaporization { 38.6 K Cal/litre) of liquid nitrogen does not
demand as complicated temperature shielding as in case of
liquid hellum cryostat. Various types of cryostats have becn

described in literature l81,97-102 . Somc of these have used

principle of ‘cold fingert while others have cooled the sample
by flowing dewn liquid nitrogen, through cryostat, by gravity.
In another method temperature upto 93°% was obtained by pessing

the cold nitrogen gas through cryostat. 4All of these methods
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were defective in The sense that either the shape of cryostat
and the way of insulating it was crude or the consumption of
liquid nitrogen was much, The cryostat described in following
lines is frec ffom both of thesc defects, It is continuous

flow type i.e, the coolant is allowed to flow round the sample
kolder with the help of a suction pump, While making a cryostat,
two points are worth keeping in notice (i) there must be no

vibration inside the cryostat, 1In casc of F857

, Vibration
amplitudes of a few microns per second causes a perceptible
increase in line width, and (ii) there must be a path through

the system which is transparent to the gamme-rays under study.

The cryostat bas been shown in Fig. 3.9 ( top view) and
Fig. 3,10 ( scctional view), The covering eylindrical chamber
is of gun-metal. It bhas got two 1lids which can be joined
vacuum tight on either side with the help of C-rings. BEach of
these twe lids hag got one window for incoming and outgoing
gamma radiations. Both windows are of aluminium coated Mylar
sheects which dov not absorb. low energy gamma-rays and at the
same time acts as good thermal insulator. The cylindrical
surface of covering chamber has four openings ( Fig.3.9 ).
Opening A is meant for evacuating the system, where a speedi-
valve ( Edwards High Vacuum Ltd,, Sussex) has been fitted,
Ancther opening 'B! is meant for male-femzle comector for
thermocouple as well as for heating element which has bheen
wound round the sample holder., A copper pipe of diameter 2 mm

is soldercd round the sample holder so that its large contact
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area minimizes the therml gradient within sample holder: One
end of this pipe comes out from opening C and goes to ligquid
nitrogen container through a German Silver pipe of diameter

13 mm, which is therm=l insulator, so as to avoid therml lcsscs.
The other end of copper pipe 1s at opening 'D' where it is
connected to rotary pump, via needle valve (Edwards High Vacuum
Ttd,, Sussex), which is used to suck 1liquid nitrcogen, The

flow current of liquid nitrogen is checked from needle valve,
The cylindrical walls as wellas the 1ids are nickel polished
from inner side so as toavoid radiation losses, Temperature
losses due ¢ atmosphere are minimised by keeping the covering

¢hamber under a vacuuam of at least 10"4.torr.

The sample holder, of copper, has been shown in Fig.3.10.
It5 height is 25 mm with diamster 40 mm and is held in the
centre of covering chamber with the help of three legs of
perspex. These legs nave been used to eliminate temperature
losses, The sample is kept at the middle of the holder, in
the form of pellet made insidc a ccpper ring., One junction
of thermocouple is kept near the pellet as ig shown in 'Fig.3.10.
The pellet is kept fixed at its position with the help of
spring which is pressed by copper cover put at one end of the
sample holder. This copper cover is having a hole,of the
dimensions of pellet, for the passage of gamma-~rays and is
coverced with an aiuminium foil so as to minimise temperature
loss, This fnil is pasted also on the other end of sample

holder for the same purpose,
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To cool the sample down to liguid nitrogen temperature,
first of all the covering. chamber is evacuated, after putting
the sample at its place and scrcwing the lids, upto at least
a vacuum of ~ 1074 torr. Diquid nitrogen is then allowed to flow
through the copper pipe, A4t first the current is kepi low,
later on it is increased until liquid nitrogen temperature is
reached., The variation in the temperature can be done coarsly
by decreasing the flow rate and finely by allowing required
electric current in heating filament, A temperature controller
has been used to keep the temperature controlled to within -

+ 0,05,

In this cryostat all precautions have been taken to keep
the losses to minimum possible extent as has been d escribed
rabove. Dead time is very short between experiments, Warm up,
sample change, pumping and cooling down is performed within about
half an hour., Tre consumption of ligquid nitrogen is very low
and is sbout 0.5 litre/hour in summers and about 0.35 litre/hour
in winters., The specifications of this cryostat have been

given separately in Table 3.1,

344,11 TURNACE

The use of high temperature furnace for Mpssbauer
work |97-99| has received much less attention than the cryogenic
system, A simple cven can be constructed by using a carbon

cloth heater |103] while that reaching to temperature of 1700°¢
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TABLE 3,1; SPECIFICATIONS OF CRYGSTAT

Temperature range

Thermocouple

Beating element

Radiation transmission angle

Dimension of sample

Dimension of COryostat

Main mgterials

Windows

Direction of radiation

77 to 300%

Iron~Constantan

Nichrome wire, Resistance 26 1L

20° Conical ( maximum)
15 mm diameter

140 mm dia., 80 mm height
Nickel polished Gunmetal
Aluminium coated Mylar sheet

Horizontal
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has alsc been Ifabricated by using a helium filled oven with

. The furnace described here is capable

Berillium windows {104

of heating up to 900°K,

Fig, 3.17 shows the furnace used in the present studies,
The eylindrical chamber of gunmetal'has got cne 1id on its
either side and can be screwed vacuum tight with the help of
O-rings. ZFach lid has got a window of aluminium ecoated mylar
sheet which does not absorb low energy Mcssbauer gamm rays and
ig thermal insulator, These windows are for the incidence and
transmission of gamma raye. One of the two openings on its
cylindrical surface is for the speedivalve ( Edwards High Vacuum
Ltd., Sussex) wherefrom it is connected towacuum unit for eva-
cuation. The other opening is for male~female connector for
thermocouple and heating elements as well, The joint is mede
of bakelite s0 as to avoid heat loss., The sample holder with
dimensicns 40 mm diageter, 40 mm height has been shown in
Fig, 3.11. Its material is perfulite ( an african clay) which
can be machined easily but after heating becomes brittle, This
material is electricaliy insulator but a good heat conductor and
hag replaced metallic holder so as to avoid the electric insula-
tion provlems, (ylindrical holes have been drilled, in meterial.
along the circumference and heating element, Nichrome wire, has
veen passed through it., Thus heating element has been wound
round the sample holder, The resistance of this wire is 148% .
The sample holder is kept inside a stainless steel cover, With

the help of this ocover the sample holder is kept at the middle
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of vacuum chamber>wifh the help of three metallic legs which

are welded at the chamber's surface. The metallic legs replace
perspex legs { used in cryostat) because of high temperature,
where perspex starts melting., The sample is kept in middle in
the form of pellet made inside copper ring. The ring is kept
fixed in its position by spring but here this is pressed by
Boron Nitride cover which acts as thermal insulator without
attennating low energy gamma~rays, The other end of the sample
holder is also closed by a boron nitride cover., The immer and
outer walls of the chambers are polished by nickel soc asto
avoid radiation loss, The losses due to atmospherc are minimigsed
by evacuating the chamber to about 10_4 torr, The specifications
of this furnace have been described in table 3,2, The tempe-
rature in this furnace can be controlled to within + 0,05°K

with the help of temperature controller which will be described

in-following section,

5.5 TEMPERATURE CCHNTROLLER

Since Mpssbauer spectrum of a mineral takes at least
sbout one or two days to build up with sufficient absorption,
it becomes necessary to use a temperature control device while
recording spectrum at dow or high temperatures. A temperature
controller was, therefore, fabricated in the laboratory, where
present investigations were carried out, The details of this
controller have been given elsewhere 194[, only 2 brief account

of it will, therefore, be given in the followirng lines.
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TABIE 3,2: SPECIFICATIONS CF FURNACE

Temperature range 300 ~ 900°K
Thermocouple Iron~Constantan
Heating element Nichrome wire, Resistance 14 5L

Radistion transmission angle 20° Conical ( maximum)

Dimension of sample 15 mm diameter

Dimension of Purnace 140 mm diameter and 80 mm height
Mein material Nickel polished Gunmetal
Windows Aluminium coated Mylar sheet

Direction of radiation Horizontal
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Several types of temperature controller have been described
in literature ]82,105,106]. In all these controllers external
voltage was applied only when the temperature was lower than the
required value, However, with this technique the variation in
the value of temperature was larger than is required in some of
the studies e.g. phase transition etec, The reason was the long
thermal time constant due to large thermal capacity of the
system where temperature control is required, To overcome this
fault, the temperature coniroller fabricated was dynamic type
where the furnace 1is kept on and off at a preset frequency

( 5 times a minute),

The block diagram of circuit is shown IiInm Fig. 3.12. The
difference of standard D.C, voltage and emf across thermocouple,
designated as error-signal, is preamplified 50 times., This
signal is then passed through a low pass filter, with gain 10, to
filter out 50 Hz and pick-ups genérated across the thermeocouple
junction, After filteration, the signal is amplified in a
linear amplifier with various gains, The maximum gain thus
obtained is 105. This signal is then finally passed through
voltage follower. 1In the next step it is compared with tri-
angular waveform generated separately with frequency 5 cycles/min,
and voltage + 0.7 V in a comparator which gives gated output.

The gaﬁe opens whenever. the error signal is negative whereas
the time upto which it opens depends upon its magnitude, Thus
if error signal is more negative, gate will be opened for more

time and clesed for less time and vice-versa if sighal is less



* HITIOHULNOD IHNLIVYHIWNIL 40 WVYHOVIQ HD01g ~ 21 ‘O3

HOIVHINTD IAVM HO ivd3aNGo
YV INONVTIH L JOVIICA
IDINIYIA3Y “3'a GUYGNVLS
CAGO -0
HIL3AW Q\
-
H3IIV3H HISAIdNY P EFRIFE]

- AV 134 e HOLVHEVANOD | ————4 e——— ¥31911dNY Iud
oL HVY AN SSVvd - MO

ATdNOI~-OWYIHL



~65-

negative, 7This gated output operates a relay which is connected
further to heater. 1In this way the temperature confrol to
within + 0.05%% has been achieved from 77 to 9OOOK, with
iron-constantan thermocouple, for sufficiently long time of

continuous run,

3,6 EXPERTMENTAL PROCEDURES FOR DIFFERENTIAL THERMAL AND
INFRARED ABSORPTION ANALYSIS

3,641 DIFFERENTIAL THERMAL ANALYSIS

The eguipment used in differential thermal analysis vas
Fisher's differential thermal analyser model 260, TFor analysis
both alumine ( used as inert material) and the sample were
powdered and then about 100 mg, of their amount was weighed
separately. DBoth the substances were then put in quartz tubes
used as sample blocks., Tach tube was of diameter 3 mm and
length 3,8 cm. Temperature measurements were donhe with Pt-PtRh
thermocouple. The maximum temperature attained in each sample
was 1000°C, Faolinite was used for calibration purpose. An
¥~Y rccorder supplied with the whole assembly was used for

recording differential thermel curves of wrious samples.

3 .6.1T INFRARED ABSORPTION ANALYSIS

IR~20 Beckmann's spcctrometer was used for recording
IR absorption curves of various samples. In each case the

sample was ground 4o a yarticle size below the wavelength
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range of the radiation, About 25 mg of sample was weighed and
then mixed with KBr in required amouwnt, The KBr used here was
kept at about 80 or 90°C for one or two days so that absorbed
water i1s removed znd does not interact.with the QH group of
samples. Pellet is formed of XBr and sample mixture by putting
it under a hydraulic press, This pellet was then used as

absorber for taking IR-absorpticn spectrum.
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CHAPTER 4

MOSSBAUER STUDIES OF NATURAILY OCCURRING
RED OCHRE AND YBILOW OCHRE¥
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4,1 TWTRODUCTION

Application of Mossbauer effect in geological and
ﬁineralogioal problenms have been of immense potentlal in certain
aspects, 1Its abillty to distingulsh batween Fe2+ and Fe3+,
without affecting thieir amounts at the same or different siteé,
and to estimate site populations puts Mossbauer spectroscopy

to be at superior place than other analytical methods while

studying iron minerals,

Red and yellow ochre are natural pigments, Pigment
is an important raw material in paint industry, Naturally
occuring pigments include iron oxides, ochres, sgiennas, umbers
and graphite. With increase in iron contents ochres pass into
slennas while the latter pass into umbers with increaée in

manganese oxide |107].

Ochres were widely used as colouring material in pain-
tings and pottery in ancient times, A study of ancient pain-
tings and wares through Mossbauer spectroscopy and the compari-
gsion of sﬁéctra with those of clays and ochres, fired at
Various temperatures, may lead one to tell about the technolo-
gleal development of a particular race, It appears that certain
artists and craftsmen were more skilled in the management of
thelr furnaces and thus produced a more evenly fired work and
at a high temperature. Abttempts have been made in this dire-
ction by CoUsing et. al. |2, Gangus et,al,|55]| in studying

anclent Greek pottery, Bouchez et, al.]108] has studied grey

and red ware of Tursng-Tepe, Janot et.al.|109] has tried to



-69-

determine the provenance and msnufacture of ancient french
ceramics. Kcisch ]110|studled iron bearing pigments for classi-~

fying different artists work,

In the present chapter, studies on red and yel low ochre
have been described. TIhe studies were performed by taking
Mossbauer spectra at room temperaturs bafore and after snnealing
the samples at various temperatures in air, Chemical analysis
was done to find out Fe,Si and Al contents, Infrared (IR) and
differential thermal (DTA) analyses were also performed to support

the results obtalned through Mossbauer spectroscopy,

4,2 MINERALOGICAL DETAILS

Ochres are mixture of clays and oxide or oxyhydroxide
mineral of iron, The presence of a particular clay mineral and
impurity in mineral structure depends upon the locality of
ochres, Large varlations in the grain size have alsoc been
observed, Ochres should contain between 15 to 60% of iron oxide,
Characteristics of both the studied ochres will now be outlined

briefly.

4,2.,I RED OCHRE

This red colour pigment is derived from hematite in
which iron contents are present as “FQZOB' It is most earthy
variety of hematite, [his mate;ial can also be produced by
heating the correspording yellow form in air, It is very soft,
having dull luster and often contains a considerable amount
¢f sand or c¢lay which may contain iron in silicate mineral

structure [110,1111,



442,11 YELLOW OCHRE

It is yellow lron bearing earthy form of limonite
containing varying amoﬁnts of zlumina and siliea. , This material
owes its colour principally to a=FeO0H. It is amorphous and of
colloidal origin |110,112],

4, 3. QCCURRENCE

4.3,1 RED OCHRE

Hed ochre is a most earthy form of hematité. It is_
rare in .igneous rocks and has formed when magma was poor in
FeQ. However, it chiefly oceurs in sediments and their meta-
morphosed equivalents. Direct neutralization of Fe3+ iton
solutions results iﬁ hydrous ferric oxide which upon aging or
autodehydration forms hematite |113{, In metamorphic rocks it
may result from the metamorphism of such materials as maghetite,
slderite, iron silicates and the hydrated iron oxides., Henatite
ores associated with sediments are related to the nmetasomatic
introduction of hematite by solutions, the iron often having
been derived from the weathering of pverlying sediments, TIhis

pigment occcurs widely in India,

4,311 YELLOW OCMAE

It is an earthy variety of limonite, a name given to
hydrated oxides of iron with poorly crystalline characters,
Limonite results from the alteration of other iron ninerals,
from a highly ferruginous rock there may be formed by its

degradation weathered residual deposits, consisting largely of

CEFTRAL IBRARY UNPIRXSITY OF ROORKEL

SOORY b
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ferric hydroxide, mixed with clay and other impurities, It is
common as a blogenic precipitate in swazmps etc. It is often
associated with hematite|114[ . Like red ochre,yellow ochre
is known to ocour practically in every state of India in larger

or szaller quantities,

4.4, STRUCTURE OF CONSTITUENT MINERALS

Main ninerals occurring in red and yellow ochre are
hematite and limonite respectively, Clay mineral may also be
agsociated with these. A brief account of the structure of
nematite, limonite and a general introduction of clay minersl

structure is given below:

4,4.1 HEMATITE

Pauling and Hendricks |115|determined the crystal struce
ture of hematite, The lattice is rhombohedral hexagonsal,
isomorphous with corundum, having lattice parameters a=5.418 AO.
a=55°17°, space group R3c, Thus oxygen ions in the anion
layers are arranged in a slightly disterted hexagonal packing,
while successive cation layers contaln equal number of ions

all in six fold coordination.

4,4,1T LIMONITE

This mineral describes hydrated oxides of iron with
poorly developed crystalline characters { The structure of
hydrated oxide of iron has been outlined in a later secticn
of chapter V ). On occasion a water content determination has

led to allocation of a molecular formula such as 2Fe203.3H20.
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Juch limonites are generally composed of goethite with erystal

slze so small as to mask its external crystalline characteristics,

4,4,I11 CLAY MINERALS

Two structural units are involved in most of the clay
minerals, One unit consists of two sheets of closely packed
oxygen or hydroxzyls in which aluminium,iron and magnesium atoms
are enbedded in octahedral coordination ,(Fig,4,1a), The second
unit is bullt up of silica tetrahedra, in each unit of which
8ilicon atom 1s equidistant from four oxygens or hydroxyls

arranged in the form of tetrahedron ( Fig.l4.1b).

Normally the structure of clay minerals are of two types.
The two sheet structure is conmposed of one sheet of silica
tetrahedra with tips pointing in same directién and one sheet
of octahedra such that tips of silica tétrahédra and one of the
layers of the octahedral sheet form one common layer (Pig.4.2a),
It, thus, contains one tetra-ani one octahedral site [116],
Kaolinite comes in this category. Another is three sheet strue
cture which is coﬁposed of one octahedral sheet sandwitched
between two tetrahedral sheets of silica tetrahedra in such
a manner that all the tips of silica tetrahedra point'. in
sane direction and the tips of tetrahedra of each silica shect
and one of the hydroxyl‘layers of the octahedral sheet form
o comzon layer ( Pig, 4,2b) |71] . It has got, thus, two
octahedral and one tetrahedral cation sites. Montmorillonite
onineral belongs to this category. This type of structure is

also known as nica like.
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4,5 EXPERIMENPAL PROCEDURE AND RESULTS

fhe samples, yellcew and red ochre, were obtained from
Geology Department, University of Roorkee wherethey had already

been identified through petromineralogical ani textural studies.

Anounts of iron, sluminium and sillcon were estinated
gravimetrically., in these samples, through chemical analysis,
Standard procedure given by Vogel|117| were adopted for their

determination, The results are given in Table 4,1,

For studying the effect of annealing, the samples were
heated for three hours in air at temperatures 200,400,600,800

and IOOOOC and were cooled down to rcoom tempersture grzdually,

The Mossbauer spectra of unannealed as well as annealed
Samples were taken, at room temperature, on a spectrometér desc-
ribed in chapter 3 , The gamma-ray source waé ~ 3,5 nCi 0057
in cepper matrix. 7To prepare the absorber, 80 mg, of powdered
Sample . was welghed and thoroughly mixed with the required
amount of boron nitride, 'The latter is an inert matrix and
practically does not attenuabte the 14,4 KeV ganma rays., The
nixture of sample and borén nitride was then pressed inside a
copper ring of diameter 16 om., under 2 hydraulic press. 'Thus
cbtained pellet was used as absorber. All the measurements
were taken in transmission geonetry. The spectra obtained for
red ochre z2ni yellow ochre have been shown in Fig, 4.3 and
Fig, 4.4 respsctively, The spectrum of unannealed red ochre
at 113%K was obtalned by putting the pellet in cryostat (descr-

ibed in chapter 3 ) ani flowing liquid air through it and is
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TABLE 4.1- VEIGHT PERCENTAGE OF IRON,SILICON AKD
ATUMINTUM IN TEE SAMPLBS

A g i 7 At ¢ I i iy

Weight percentage

Sample . Fe g4 1

i ar ——— -

Red Ochre 12.42 3%,95 4,74

Yellow Ochre 44,98 3.25 14,48



A8~ 'ﬁlﬂ CUNANNEALED 3

.
.. Y oe L A e, " .
o o St e ey e w AT, P -
a4l i, ; ST
. H .
e AL " 'c. ‘e T fan : B oty
.". e - STt b LA h,‘ e
. '
L .“ ' o o a
40— e O ..
' ..
. SN -

36—

1.

26

r ) M =E) . I "[B] (HEATED TO 20C°C )
2 3 '.‘.....I.'-' '.‘."-‘ -..‘::“-.. .:. ":::-.:. ..."-. '..." I_IA Rl o.':- ) ..: '.‘ .:::.:' ‘..";. .':3....::'.' - "l:‘.l.o'..-...
... s '. :. -: :. ) '-.' -. . . l.. .- " (b)
20 . B o p w

1L
1

|
>

. '.' .~ . '--.. . '.- '-l P | fc,

A
48— L e ARG sy . B (HEATED TO 600%C)
..._..“. I P : “e . ‘. .. . .... . - “. ';. -.-.:.-
y ok . - . . PPN

aal 1 : R R L.
L g . S (d)

RELATIVE COUNTS x 1072
|
-
fen)

14

: T LA )
2 B L ) . . :'.: :.-:-: ;:.. :. :.s.... -: . 0'.‘. :. . n o
. Laae B N $NT SR . (HEATEDTO 800°C)
ML . .: . .'. . L .'..- :: H ' ' $: o :. -.. s
2 5 L_ ' ” ':.. * .: " ' L] -..' . » .. "'_ q:-'. ::‘
- : s ‘ . i . : (e)
22— .- . g

H

L

LV . : 32 (HEATED TO 1000°%C )
13 MO ol B ..‘"’v" . :.'u ."a - - a‘ e : . _.- .
|4 l-—l."_.l'. gt i .:' - e, _n- .. -.: : - ,‘ ’.‘. fnge

(f)

! | B i [ ] ]
4 2 0 -2 -4 -6 -8 -0
RELATIVE VELOCITY CmmS™1D

FIG.4.3 . MOSSBAUER SPECTRA OF RED OCHRE AT ROOM TEMPERATURE .

[42]
o=




{Unannealzd )

(g)

L R e | ]

QEpw

64 l—""' | ' _'_' I-‘.:""V .- - -" ‘. o E N i _.‘ ".'-“: "_::' .o ' (b)

bép—

S8

56—

—Al

l _ l PRI ! I _l ) - (Heated to 400°¢ »

25— o (cl

REL AT'VE COUNTS x 10°

I | f (Heated to 600°C )

l 1 ] L l L l 1 }_l I [ l ] l | L 1 _j
IC 8 6 4 2 o -2 -4 -6 -8 -0
RELATIVE VELOCITY CmmS~1)

FIG.4.4_ MOSSBAUER SPECTRA OF YELLOW OCHRE AT ROOM TEMPERATURE .




shown in Fig, 4,5a. The spectrum of yellow ochre at 400°K was
taken using furnace deseribed in preceding chapter and has been
shewn in Fig. 4.,5b. The spectra were analysed with a least
square fitting programme on dec-10 computer and the analysed

parameters have been. given in Table 4,2 and &, 3.

Infrared absorption spectrum of unannealed red ochre
has been shown in Fig, 4.6 while Fig. 4.7 depicts that.of .

unannealed yellow ochre,

Differential thermal curves ofred ochre and‘yellow

ochre have been given in Fig. 4.8 a and b respectively.

b6 DLSCUSSION
The discussion of the results cobtained through
Mossbauer spectra and supported by IR and DTA studies will be

given for both the samples under separate subsections,

4,6,1 RED OCHRE

The Hossbauer spectrum of unannealed sample ( Fig.4.3a)
conglsts of one magnetically splitted six line hyperfine patteyn
and two guadrupcle doublets, The lines cf sextét are broad ahd
a better computer fit could not be obtained, The maghetic
patt€rn and the quadrupole doublet ( doublet A) are dve to
a-F6203. IR spectrum of unannealed red ochri, apart from
other peaks, shows peaks at 590, 530, 470 cm . The peaks
for synthetic a-F9203 occur at 5&5, 550, 485 cm_l it IR spec-

trum |{118|,Hence the above mentioned peaks of red cchre can

be gttributed to a-FeZOB. The value of the internal magnetic
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TABLE 4.3~ MOSSBAUER PIRAMETERS OF YELLOW CCHRE AT
VARIQUS TEMPERATTRE OF ANWBALING

Innealing Hope & 2€
Temperature
o (KOe) (m/s) (m/s)
("¢C)
- L~ - - .

Unannealed 388 +0.%4 0.62
200 371 40,34 0.54
400 514 +0,33 0.46
600 511 +0.33 0.46

*8' measured with respect to atomic ironm,



062

005

* 3YHDO 034 40 WNYLO34S NOILJYHOSEAY O3H - vHINI

C(-W2) ¥IBWNN 3AVM
00O ocsl 0002

TerOld

ool

(%) BONVLLINSNVYL



ose

*3YHDO MOTT3IA 40 WNYLDIHS NOILIEOSAY a3 -YU4NI T Lol

C(-WD HIGWNN 3AVM
00% 000! oosI oooe 0Q0E

q‘ﬂﬂn—l#Ju___ | R _a_-_~nlﬂ__

JON

001

C %) FONVLILIWSNYHL



~~
St

<« Differential EM.F, —w 4

| N Al

00 500 600\, /  70C 800 900

Temperoture (°C ) — 3

200 300 \J 4oo 500
Temperature (°C ) —

N

Y

{a)

—~
~t

—~— Differenhal E.M.F. ———» 4

1

{b)

FIG.4.8 _ DIFFERENTIAL THERMAL CURVE OF (a?)RED OCHRE

AND (b) YELLOW OCHRE.




~78~

field , Heff’ (~506 KOe) and the broadening of lines can be

assigned to the presence of impurities such as silicon and alumi-
minium in the neighbourhood of iron [109 |, The differcntial
therml curve of red ochre ( Fige 4.82) shows two endothermic
peaks. The one appearing at 624°C can be attributed to a~Te,0s.
The pure a-F9203 peak appears at 680°¢ and low value of tempera -
ture of this peak in red ochre suggests the presence of impuri-

ties in the lattice sites [119 |,

Upon annealing the samples at various tempergtures, the
Messbauer spectra show. two sextets apart fromtwo doublets
(Fige 4.3). The comparison of parameters indicates sextet R

to be due to a—Fe203 with high degree of impurities., Variation

in the value of H_pp of this sextet,with temperature of annealing,
can be attributed to different amount of impurities associated

with iron lattice.

The particle size is such that & superparamagnetic (spm)
doublet(4) and a six line patternm are present simultaneously,
The ﬁearly constant value of quadrupole splitting, 2€, with
temperature of annealing suggests doublet A to be due to spm
effects, This has been checked by recording the spectrum of
unannealed red ochre at 113°%K ( Fig. 4.%5a), Due %o increase
in spin relaxation fime at 1130K, in comparison to that at roam
temperature, an increase in the intensity of magnetic pattern
af the cost of decrease in inteﬁéiﬁy 0T doublet A is observed
which lends support for this doublet to be due to superparamag-

netic effects, The comparison of 2€ of sextet ( due to a-Fe,0:)
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at room temperature and at 1150K, in the case of unannealed
sample, shows the absence of Morin transition. In bulk a-Fe,04
it has been observed at 263°K, below which the spins lie algng
the BEG axis and show collinear antiferromagnetism whereas above
this temperature the spinz flip to a direction making g0° angle
with EFG axis and show weak ferromagnetism due to canting|120 |,
The absence of Morin transition may be attributed to fine particles
121,122}, Kunding et,al,| 121| has attributed it to surface
defects which pins the spins in the case of fine particles,

The intensity of spm doublet goes 6n decreasing as the annealing
temperature of sample is increased which can be attributed to
increase in particle sigze, Such an observation has a2lso been
noted earlier by Srivastava and Sharma | 123| and Simopoulos
et.al,| 124]. The spm doublet is present even in the spectrum
of sample annecaled at 1000°¢ ( Fig, 4,%f), however, with lower
intensity indicating that particle size has not gmown enough

{ > 200 &%) so0 as to show only the magnetic pattern,

The presence of two sextets in the spectrum of sample ann-
ealed at 1000°C suggests that im?urities remain more or less

unaffected even at this high temperature,

The other doublet, 'B',correspcnds to another site in
which iron is in the +3 oxidation state as is evident from
value of isomer shift, 8§ ( Table 4,2), The value of 2€
cerresponding to this doublet suggests the presence of iron in
a distorted alumina octahedra |109 |, The presence of absorption

peaks at 3700, 3620, 1100, 1020,1000, 925,900,785 and 680 cm™ !,
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apart from the peaks characteristie of a—Fezoa, in the IR spectrun

of red ochre indicates the presence of clay mineral when the

+

same is compared with the IR spectra of clay minerals | 71
The peaks at 3700, 3620 em™! correspond * to water occluded in
silicate structure, peaks around 1000}cm‘1 correspond to Si-0
stretching vibration, those at 925 and 900 cm'"1 correspond to
octahedral alumina sheet while the cause of remaining two peaks
is not yet well undeEHEtood { 71 l. The presence of clay
mineral is also suggested by the appearance of an endothermic
peak at 52800, apart from that of an?e203, in DT4 curve, Upon
annealing, 2€ first remains practically constant then starts
increasing from 400°c, From 800°C the value starts decreasing

( Fig. 4.9), This type of variation, in 2€, is in agreement with

that obtained by Bouchez et.sl.|108 | and Janot et.al,|109 |,
while studying clays and ancient pottery. When the sample is
heated, the impurity atoms partly get precipitated creating 2
variety of defects and thus leave the lattice in a very
disorganized manner, The result is that a more asymmetric
environment is created around iron ions and hence an increase

in 2€ is observed. The same effect also appears in the IR specce--
trum of sample annealed at 600°C which shows broadening of peaks
due to clay mineral, The observation of broad lines is an
indication of asymmetry in the mineral structure, At higher
temperatures ( from 800°C in our gample) gradual recrystalliza—
tion of disordered clay mineral occurs thus causing a decrease
in the 2€ value. The variation of § with temperature of

annealing ( Fig. 4,10) is in fair zgreement with that obtained
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by Janot et.al, {109 {.

4.6,11 YELIOW OCHRE

Mireralogically yellow ochre has been reported o consist
of a~FeDOH and anFezoj. However, the Mgssbauer spe;trum of una-
nnealed sample ( Fig. 4.4a) shows only one six line pattern
corresponding to a~FeOOH phase, The IR spectrum of sample shows
peaks at 650, 785, 890 and %120 cm"1. These peaks are characte~

1

ristic of q~FeOOH |118 |. 0f these the peaks 2t 785 and 890 cm™

corresvond to lattice O-H bending vibrations while that at

3120 cm_1 apparently represents a strongly hydrogen bonded 0-H
stretching.vibration, The 650 em™ peak has been reported
without any specific assignment [125 |. Peaks at about 3440 and
1640 cm-1 are due to water of XBr which has been used in mking
pellets for IR &tudy. Apart from these, the IR spectrum shows
four more peaks which may be due to presence of silica and
would not be discussed as they lie beyond the scope of present
study. The Mossbauer spectrum of yellow cchre taken at 400°%
shows only a quadrupole doublet., The transformation of a
magnetically splitted six line pattern into a two line pattern
confirms yellow ochre to be containing a-FeOOH whose Neel
temperature is av 400°%K |126 |, Since the Mpsshauer spectra

of semple, takenat room temperature, does not show any qﬁadru—
pole doublet or even a slight lowering of central portion, it
has been concluded that grain size is large encugh not to show

spm effects, The spm effects have been observed in some samples

of different origin by other workers previously |110
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The six fingered pattern of Mpssbauer s pectrum shows
asymmetric lines which mey be dve to the presence of impurities
such as A13+, in the neighbourhcod of iron., The differential
thermal curve of yellow qchre shows an endothermic peak at about
250 corresponding to o~FeQOH, while the peak for pure o-FeQQH

appears at about 405°C | 78 |. The lower value of temperature of

this peak can once agzin be attributed to the presence of impuri-

ties in the lattice site |78 |,

~ After heating the sample at 4QO°C, a—-FeQ0H is converted
to a-Fe,0q | 127 | and a scxtet for a-Fe,0; is observed in the '
Mossbauer spectrum { Fig. 4.4c). This tran%@rmation was also
obgserved in the IR spectrum which shows pesaks corresponding to
a—F6203 while those corresponding to x~FeQOH disappear. On
heating the sample at 6OOOC, the mobility of impurity ions increases
so much that they are separated out from iron lattice and form
a separate phase, The Mpssbauer spectrun of sample annealed

at 60000, therefore, shows 2 neat six line vattern with symmetric

lorentzians (Tig, 4.44).

A decrease in the value of Heff has been observed in the
Mossbauer spectrum of sample annealed at 200°C ( Table 4.3).
This change can be attributed to change in spin relaxation time
which decreases on heating the sample at 200°¢C and does not
return to its original value, due to some rearrangement in the
lattice, even on cooling down tc room temperature, 4 decreace

in the wvalue of Heff with decrease in spin relaxation time has

51 1,

also been suggested hy Vander Ersan et.al,
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Note that the above mentioned e ffect has not been chserved

in czse of red ochre where magnetic pattern is due to a~Fe203.

The effect can, therefore, be gither due to change in the lattice
or due to change in the geological conditions under which the two,
red and yellow ochre, have formed, It is, however,quite pre-—

mature at this stage to say anything conclusively.

4,7 CONCLUSIONS

After discussing various aspects with the help of Mpsshauer
spectra, IR and differential thermal analyses, following conciu~

sions ¢an be drawn:

(1) Iron, in red ochre is meinly in the form of a~Fe,0z { with
impurities in its neighbourhcod) and in a clay mineral structure
in which it i in distorted alumina octahedra, Simultaneous
appearance of a magnetic pattern and an spm doublet, correspon-
ding to a-F8203, indicates that particle sige was not more than

200 A°.

(1i) Upon heating, the clay mineral structure first distorts and
then returns to less asymnetric structure at higher temperature.
The impurities present in the oc--Fe203 structure do not separate

- out even after heating the sample at 1000°¢C.

(iii) In cgse of yellew ochre, iron content has been found to be
more than that in case of red ochre and mainly in the form of

(iv) After heating at 400°¢, transformation of a-FeOOH to a~F8203

has been observed in case of yellow ochre. Whereas the heating



.y

at 600°¢C céuses the mobility of impurity ions, in this trans-
formed a-Fe203, to inecrease enough which results in the separaz-
tion of these ions as another phase leaving pure a—FGZOB'

{v) The exit of impurity ions from iron lattice at 600°C in the
case of vellow ochre and not in red ocare even at 1000°C suggests
that the two ochres are not of the same origin, The possibility
that red ochre and yellow ochre may be of same origin; fhe

former being the altered form of latter, has also been suggested
by the geologists, It seems that red ochre has formed undex

high temperaturs ( above 100000) conditions whereas yellow

ochre is a sample formed in low temperature environments,

(vi) Yellow ochre is more rich in iron than red ochre which
further suggests that the former has formed under low temperature
conditions than the latter because the product which has

crystallized at higher temperature is not iron rich.
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5.1 INTRODUCTIQN

The applications of Mpssbauer spectroscopy in solving the
mineralogicel problems are no more stranger., Goethite and bog
iron ore are natural samples containing mainly hydrated iron
oxide, There have been number of studies on goethite., TFirst
of all Hrynkiewicz et.al. | 128| proposed the existance of two
internal fields, This result was further supported by him in a
later communication |129 |. Oosterhout [430 |, however, suggested
the presence of only one internal field which has been observed
by other workers also |131 , 132 |, later, This controversy seems
134 |

in favour of one internal field, They have related the asymme~

to have been solved by Deszi et.al, | 133| and Govaert et.al,

try of lines, appearing in some samples of natural goethite, to
an excess of water present in the structure. Shinjo | 50| and
Van der XKraan et,al, |51 [ have done measurements on fine particles
of goethite to examine Moesbauer spectra in fiuctuating.fields
produced by the relaxation of clectron spins. However, therec
is hardly any study of goethite through Mpssbauer spectrosco-
py which had correlated the results with its occurrence. Bog
iron ore has not been studied through Mossbauer effect pre-
viously, The purpose of the present study was, therefore;

to study goethite and bog iron ore and to examine the type of
Ceposit and also the conditions which were present at the time

of their formation.

Both the samples are of Indian origin and were mainly

studied through Mpossbauwer effect by recording speectra of
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unannealed as well as annealed { at various temperatures)
samples, Gravimetric chemical analysis was done to find out

e, Si, Al contents, Differential thermal { DTA) and Infrared
(IR) absorption analyses were also done to support the Mossbauer
resulis, Variastion of particle gige with the temperature of

annealing, has also been discussed,

5.2 BRIEF MIFERALOGICAL AND STRUCTURAL INFORMATION

Both of these natural samples are essentially hydrated
iron oxides, The digtinction between them is mde on the bagis

of their occurrence in rature,
5.2.,I GOETHITE

It is one of the most common mineral typically formed
2s a weathering product of iron bearing minerals e,g. siderite,
magnetite, pyrite etec, It is normally formed under oxidising
- conditions and is the stable soil iron oxide in humid climates,
Iron is in the form of ¢-FeOCH | 135 |. The structure of goeth~
ite was shown by Goldsztaub [136 | to be similar to that of
diaspore ( a-ALOQE), the unit cell contzaining four molecules
of FeOOH. The oxygen lattice is hexagorally clogze packed with

iron ions in the opctahedral interstices.

De2.11 BOG IRON CRE

This natural product contains largely FeO(OH).nHEO with
small amounts of FEEDB‘HHEO‘ The water confent varies widely
and it is probable that the mineral is essentially an amorphous

form of goethite with adsorbed water {135 |. 1In some of the
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bog ore deposits iron occurs as siderite ( Feco3) whereas other
contain siderite and vivianite |F93(PO4)2.8H20| in minor amounts,
apart from goethite. The structure of goethite has been outlined
in preceding subsection, those of other two minerals are not
worth mentioning as the same were not observed in present stu-

dled sample.

5«3 QCCURRENCE

H.5,1 GORTHITE

This mineral may be formed by the aging of brown gel
formed by the slow oxidation of certain ferrous compounds or
slow hydrolysis of certain iron salts e.g. ferricacetate,
nitrate, bromide and oxalate, The brown gel of hydrous basic
iron oxide are colloidally transported alongwith A13+, which
is separated during precipitation due to properties different
from the hydrous iron -oxidé ocliceids, Thus iron and aluminium
are separated by geochemical conditions during weathering

Processes |113 . In some scdimentary iron ores of economic

importance it may be the principal constituent,

5.5.11 BOG JRON ORE

It is principally in the swamps and lakes constituting
the centres of such systems that bog cres develop. According
to Harder |137 |, bog ores can be classified into two types.
The first are Marsh or Peat ores, These are common in swamps
and peat bogs in cool areas, Under Marsh conditicns, the
accumulation of decaying plants induces reducing conditions in

the surface waters and leads to the formation of abundant 002‘
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Any iron in surface waters is thus reduced and combines to form
fefrous—bi—carbonate. If, however, the ground water moves
fairly freely and contains oxygen, interaction of this with the
descending ferrous=bi-carbonate solution leads to the local
oxidétion of latter and formation of a layer pf mrsh or peat
bog cre along the water table, The other one is leke ore type,
The development of this is possible if marshy conditions are

of regional extent and incorporate lakes, In this case, the
ferrous-bi-carbonate sclutions move underground for considerable
‘distances, eventually toc discharge through bottom sediments
into the body of a lake., Where such lakes waters are well
pxygenated, the discharging ground waters gre oxidised and iron
precipitated on lake floor as limonite, Since such discharge,
in most cases, tends to occur near the margins of lakes, bog
ores of this kind are commonly develcped near the edges of the

lakes and may be absent in the centre [138 |.

5,4 EXPERIMENTAL PROGEDURET AND RESULTS

The samples, gocthite and bog iron ore, were obtained
from Geology Department, University of Roorkee, Their identi-
fication had already been done through standard geclogical

methods,

.

The determination of iron, aluminium and silicon was
carried out following standard procedures given by Vogel [117 |.
Taboratory grade reagents and distilled water were used in

the analysis. The results have been given in Table 5.1,
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TABLE 5.1- WEIGHT PEROENTAGE OF IRON,SILICON 4ND
ATUMINIUM IN GOBTHITE AND BOG THON ORE

. re—— T T S L (- ] ————

Sample

Goethite

i A . T -

Weight percentage

Bog Iron Ore

47,36

13.37

b repre e e

earaery.

Si AL
7.06 8,66
34,91 0.08
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The heat treatment to the samples was given by heating
them separately at 200, 400, 600, 800 and 1080°C for three
hours in air atmosphere and then ccoling down to room tempera-

ture gradually.

The Mossbauer spectra of the sampleg unannealed as well
ag annealed were recorded on a spectrometer already described

57

in chapter .3, The gamma-ray source used was €6~ 1in copper
matrix with initial activity of 3,5 m{i, The pellets werc
formed by mixing 80 mg. of the sample with the required amount
of boron nitride, an inert metrix an& transparent for gamma-
rays, and then pressing the mixture inside a copper ring of

16 mm, diameter, Thus obtained pellets were used as absorber
for recording spectra in transmission geometry. The spectra for
goéthite and bog iron ore have been shown in Figure 5,1 and

5.2 and the analysed Mecssbauver parameters are given in Table |

5.2 and 5,% respectively,

Infrered absorption spectra of goethite and bog iron
ore have been shown in Fig. 5,% and 5.4 while differential
thermal curves of the two have been depicted in Tig. 5.5a

and 5,5t regpectively.
5.5 DISCUSSION

5.5.1 CORTHITE

The Massbauer spectrum of unannealed goethite exhibits
two six fingered patterns and a quadrupole doublet (Fig.5.1a).
Internal magnetic field, H,ee, 0f the sextet 4 { site 4 in

Table 5.2) is 354 KOe and is lower than that for synthetic
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TABLE 5.3- MQSSBAUER PARAMETERS OF BOG TRON OIE A7
VARTOUS, TEMPERATURE. OF. ANNE/L LG

Ammealing Heff & . 2€
Temperature .
(%c) (E0e) (mm/s) (mm/s)
Unannealed 389 | +0.33 0.61
200 379 +0,34 _ 0.54
400 C 511 +0.735 0.50

'§t measured with respect to atomic iron,
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x-FeOOH { 388 ¥0e) | 51 {. This lowering in value can be attri-
buted to small particle size as has been suggested by Van der
¥raan et. al. |51 |. The other six fingered pattern, desig-
neted as site B, has got still lower Heff (325 X0e), It can

be assigned to fine particles of a-FeOOH with impurities in

its lattice ( site B in Table 5.2), The differential thermal
curve shows two endothermic pesks centered at about 330 and

375°¢ ( Pig. 5.5a) which supports the above view point rega-

rding the presence of two sextets [113 , 119|. IR spectrum

of unannealed goethite shows peaks at 650, 780, 890 and 3120 on”

-

which are close to characteristic peaks of o—FeQOH 1118

Apart from these, two vieak © peaks appear at 1630 and 3420 cm—1

'which are duc to presence of water in KBr ( uscd in forming
pellets for IR study), whereas peaks at 525, 1000, 1020 and
1090 e correspond to silicate mineral | 71|,

Isomer shift, §, for sextet A ( 0,34 mms"1) is charac-

3

teristic of low spin Fe-* and remins practically constant
with the temperature of annealing, '&' for sextet 'B! is
1argef { 0.45 mms"1jthan that of sextet A. This may be due

to the presence of impurities e.g. A13+ [139 ]. Upon heating,

the impurities separate out and thus result in the decrease

of isomer shift.

The simultansous appearance of six line and two line
ratterns suggests the presence of superparamagnetism which
in turn is due to small particles { < 500 AO) of a-PeOOE | 51 |.
This doublet can be confused with that due to lepidocrocite

(9 ~F200H), which can alsc be found to coexist with
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goethite | 113 |. But its presence has not been ghown by
differential thermal curve of goethite which,in an otherwise
case,should show an endothermic peak followed by an exothermic
veak showing the conversion of'fv-Fe?_O3 into a~Fe,04 1113 |,

IR spectrum also does not exhibit peaks at 730 and 1025 cm"1
which are characteristic of lepidocrocite | 118 |. When goethite
is heated upto 400°C, a-FeQOH transforms to a=Fe,05 [ 127 |4
Since a-F9203 needs finer particles than o~FeO0H to exhibit
superparamagnetism, the spm doublet vanishes completely. In

the case of a—FezO3, superparamaghetism is observed for par-
ticle size of ~ 200 A or smller |45 y 51 ,121[. The particle
size of unannealed goethite can, therefore, be estimated to

be lying in between 200-500 AO, The Mnssbauer spectrum of

this transformed sample contains two sextets with Hepy 85

497 and 469 EKQe (Fig. 5.1c). The former sextet ( site 4)

is due %o smll particle size of -a-Te,0; and the latter (site B)
is due to fine particles of a4F8203 with impurities in its latt-
ice site, On heating the sanmple at GOOOG, the mobility of
impurity ions increases fast enough to get out of lattice
structure and to separate out into another phase. This

causes the appearance of single six line pattern in the Moss-
bauer spectrum of sample annealed at 600°C . The anoralous

line shapes and smaller value of H ;e ( 505 KOe) can be atiri-
buted to smaller particle sigze, 4n increase in the value

of Hoer is observed with increage ir temperature of annealing,
This happens due to increasec in particle sige as the annealing

temperature is raised, The value of Heff arproaches that for
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normal a-~Fe,Oz ( 515 X0e) in the Mpssbauer spectrum of sample

anmnealed at 1000°¢.

5.5.11 BOG IRON CRE

The Mossbauer spectrum of the umannealed sample shows a
gix line hyperfine splitted pattern for which the value of Heff
is 389 K0e, close to that of normal g-FeQOH. The other twe
possible iron compounds which may be present in bog ore deposits
are siderite and vivianite, ©Siderite shows one quadrupole
doublet at room temperature | 140 | whereas vivianite exhibits
two quadrupole doublets corresponding to two crystallographi-
cally inequivalent Fe’* sites 141 | . The Mossbauer spectrum,
therefore,suggests the presence of iron as a-FeQOH only. The
presence of gq-FeQCH is also evident from IR absorption spect-
rum in which peaks at 660, 795, 895 and 3080 cm"1 appear. The
peaks at 3420, 1630 cm_1, in IR spectrum of bog iron ore, are
due to water present in KBr whereas the peaks due to silicate
mineral are at 570, 690, 1020, 1080 and 1170 cmf1. The diffe-
rential thermal curve ¢f bog ore shows an endothermic peak at
405°¢ ( Tig, 5.5b) which is characteristic of pure q-FeQOH (113 |,
3

The isomecr shift & is characteristic of Fe * and remains
constant with various temperatuie of annealing. The particle
size in present sample is large enough not tc show superpara-
magnetic effects in Mossbauer spehtrum. When the sample is
heated at 40000, o—FeC0H is converted to a—FeQO3 corresponding
to which a sextet with Hogs of 511 KOe is observed in the
Mossbauer spectrum ( Fig, 5.2¢)e Further heating at 60000, of

sample, does not show any change in the spectrum as is evident

from Mpssbauer parameters ( Table 5.3).
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5.5.1I1 RELAXATION EFIFECTS

4 common feature has been noted in the spectra of goethite
and bog iron ore after having given heat treatment at 200°¢,
The Heff value has decreased from that of unannealed samples
(Table 5.2 and 5.3), Heating of the samples at 20000, it seemns,
decreases the relaxaﬁion time and even on coaling down, 1o
room temperature, the same does not return to its original value
flue to some rearrangement in the lattice structure, Consequently
a Mossbaucr spectrum may show all or any of the three pecula~
rities (a) broadening of the component peaks | 50 [, (b) decrease
in the value of E_ gr |51, and (c) increase in the supervara-
magnetic fraction |51 |, Since particle sige in the case of
goethite is smaller { as suggested by the presence of a super-—
paramagnetic doublet) than that in bog iron ore,heating should
affect spin relazation time more in goethite than in bog iromn
ore, Consequently all the three changes given above are
observed in the spectrum of goethite annealed at 200°¢ (Fig.5.1b,
Table 5.2), Whereas the effect of heating in case of bog iron

ore is just to decrease the value of H_ .. ( Fig. 5.2, Table 5.3).

5.6 CONCLUSIONS

Having discussed the various results of Mpssbauer spectra
of the samples and supplementing them from IR and differential
thermal studies, following conclusions may be drawns
(a) Iron in case of goethite has been detected in the form of
fine particles of o-FeQOH, Some of the q-FeQOH sites also

contain impurities such as A13+.
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(b) Upon heating at 400°C, o~Fe0OE is converted to aﬁFeZOB.
While the annealinglat 600°C forces the impurity ions to leave
the lattice structure and let them serarate out into another
thase, Ammealing at progressively higher temperatures helps

in developing the particle sige also,

{(¢) 4s has already been discussed, A13+ is also ftransported
alongwith the brown gel containing Fe3+ iron, yet it is generally
separated during precipitation due to geochemical conditions,

The presence of impurities in a=FeOOH structure and the small
grain sige suggest that crystallisation of present studied

goethite is not completec,

(d) The bog ircn ore studied here contains iron as g-FeOCH only
without any impurity and with grain sige large enough not to

show superpearamagnetic effects,

(e) The presence of iron as a-FeOCH only and not 2s carbonates
or phosphates suggests the bog iron ore studied in present
investigations, to be not of Marsh or peat ore type but is a
lake ore type deposit. Furthermore, g-Fe(QOH present in this
bog ore deposit is pure and with larger grain size ( atleast
equal to the size of normal q-FeQ0H) hence the bog iron ore

is of hard type,
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6.1 INTRODUGTIQN

Iron is a metal of universal use. Its applications have
increased thousandfold since man discovered steel. Iron is

extracted mostly from its ores magnetite, hematite which arc

oxides of iron. The chief minerals cof iron which mgy be congi-

dered as ores are tabulated below,

Mineral Composition Iron ( /.)
Magnetite F9304 72,4
Heratite Fe,0s 70,0
Turgite 2E§03,H20 66.3
Goethite Te,05.H,0 62.9
Limonite 2F6203,3H20 59.8
Siderite FeCO3 48,3
Pyrite Fe82 46,6
Pyrrhetite Fensn+1 38,0
Ilmenite FeTiO3 36.8
Greenlatite ~Bydrous 20 to

Chamosite etc. Iron silicates 35

' Among these magnetite is the richest ore, hematite is the most
common ore whereas turgite, limonite, goethite and siderite

are important ores in some countries only., Rest are only minor
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sources of iron. For modern induvstrial purposes it is necessary

to know whether the ore is of the Bessemer or non-Bessemexr type,
This is determined by the amount of phosphorous in the ore,
since practically all the phosphorous goes into iron or steel
manufactured from it. In general, a content of 0.1/, of
phosphorous in the pig iron is considered as the safe upper
1imit in the acid process, The bessemer limit in ore is taken
roughly as 001/ phosphorous for each percent of iron content,
Thus a 60/ ore should not contain more than .06/ phosphorous

to be classed as Bessemer cre |142},

The iron ores of India can be divided into three major

groups [142] on the basis of their origin:

(a) Banded ferruginous formations of pre-cambrian age are most
important type of ores. In the unmetamorphosed type, which -
includes the majority of larger deposits, the ore bodies have
been derived from the concenbtration of the iron contained in
the original banded hematite-jasper formation, When subjected
to metamorphism, these ores convert into banded quartsz-
magnetite rocks, magnetite being derived from original
hematite, Some times the magnetite . is associgted with

amphiboles ¢f the grunerite—cummingtonite group.

(b) Sedimentary iron ores of sideritic or limonitic composition
comes in this category. The examples are ironstone shales
of the eastern coal fields occurring in the tertiary formetions

in parts of Himalayas and Assam, The sideritic ore is often
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hydrated and changed to limonitic iron-stone near the surface,

(e¢) This group consists of lateritic ore derived from the
sub=-gerial alteration of iron~bearing rocks guch &s gneisses,
schists, basic lavas sete,, under humid tropical conditions,
resulting in the concentration of the hydrated oxides of iron
often associated with those of Al and Mn., Iateritic caps cover
large stretches of the Deccan traps, the gneisses in the western
ghats, the schistose rocks of mény areas, the impure line
formation ete, However,they are low graded containing only

25 to 35/ iron,

Iron ores occur in different geological formations in
India but by far the most of important deposits belong to the
pre-cambrian, These ores are d erived from the enrichment of the
banded-ferruginous rocks by the removal of silica. The ore
bodies generally form the tops of ridges and hillocks. . The
later formaetions contain some ore, especially the Gondwanas
and the Iaterites but these are of conparatively little importance

at present.

Iron ore beds'especially hemati1tic have been described
by various workers from the different stratigraphic horizons
of Himalayas |143 ~ 149|. The regional geology of lesser
Himalaya in Garhwal-kumaon region has been systematically worked
out by Medlicott | 150{, Contributions of Wadia |151| and
Heim and Gansser {152| have thrown light on the geology,

stratigraphy and structure of Garhwal-Kumaon Himalaya., A



-103-

sketch of the gecology of Chamoli district was given by
Valdiya [153]. O'Rourke [154| discussed the stratigraphic
implications of occurrcnces of hematite iron ore beds and

regarded them geosynclinal sediments,

In the carbonate suite of chanoli, widespread hematiti-
zation of the schistose and phyllitic rocks are observed along
the main central thrust. 4 one meter thick band of iron ore is
also found associated with the green meta~acidic intrusive near
the core of the Pipalkoti anticline, The present chapter is
the outcome of the studies done on this iron ore band to find
out the minerzals present in it and to correlate the variations
with the geological setting of the band. The investigations
were carried with the help of thin sections and polished samples
in the preliminary stage. In the secondary stage chemical
analysis was done to find out its composition and Mossbauer
effect studies were done to study the variation in the amount
and structure of respective minerals, Attempt has also been

made to suggest about the genesis of this band.

6,2 GEQLOGICAL SETTING

The rocks of the 'carbomate suite of Chamolit! of Garhwal
group |155,156] consists of alternmating sequence of slates and

dolostones and occur as broad doubly plunging antieline|149,157

To the north of this antiecline the high grade crystalline rocks

are found thrusted over these low grade sedimentaries along
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the main central thrust., Close to this thrust the slates/phyllites
of carbonate suite show wide spread hematitization, In the
southern limb of this anticline a thin concordant meta-acidic

unit, described as chloritoid slate, is found within the dolostone,

At the base of this uniga 1meter thiek iron ore band is encoun-
tered, From the field obgervations a fault has been inferred

along this band|149

The iron ore¢ band shows a sharp contact with the meta-
acidic unit,whereas, it has a corroded lower contact with the
dolostones, Along the lower contact a slight discordance is
also observed with the country rock, Within the ore band,
meinly in the central portions, coarse octahedral and cubiec
magnetite crystals are found embedded in fine hematitic ground

mass. Along the margins long flakes of hematite are common.

6.3 MICROSCOPIC OBSERVATIOQNS

Two types of microscopic studies were carried out:

Polished samples and thin section studies.

For - polished samples’ studies three rock samples were
taken from the top, middle and bottom of this 1 meter thick
band. Their polished sections were made for cre microscope
analysis. The preparation of polished surfaces is an important
part of the technique of orc microscopy. For satisfactory
examination , a plane polished surface of an ore, with a

minimum of pits, scratches, fractures, and pores is desirable.
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In such a surface minute details e.g, mineral occurrence, fofm
and texture aredservable. The production of polished surface
commonly involves three stages - preparation of specimen,
grinding and polishing. The specimen is prepared by cutting

& slab of desired size from the rock, This is done with a
diamond saw, which consists of a motor driven disc having its
edges set with small diamonds. The piece, cut from the rock
sample, is then ground on motor driven lap of cast~iron, copper
or bronzge. After fine grinding, polishing is done in few stages

on metal laps covered with silk cloth. In this menner polished

sections are prepared., Details regarding the preparation of

polished surfaces have been nicely given by Cameron |158],

The polished section of the rock sample, from the bottom
part of ore band, shows foliated texture by lepidoblastic
hematite and contain porphyroblastic ideoblasts of magnetite.
The foliations, in general, show bending around pﬁrphyroblasts,
whereas, at places the truncation is also observed, The
alteration of magnetite crystals by oxidation into fine fibrous
laths of hematite is common,whereas, the secondary recrystalli-
sation of hematite is usual along veins and fine cracks, Ilmenite

and goethite occur in minor amounts ( plate 6.12).
The sample from the upper portion of the ore band shows,
in its polished section, highly folded foliations marked by

hematite flakes, and having the octahedral scattered porphyro-

blasts of magnetite and titaniferrous mgpgnetite { containing
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inclusions of iron oxide), The development of martite is
peculiar, Magnetite generally alters into hematite and goethite.
The flakes and laths of hematite are also found surrounding the

gangue porphyroblasts ( plate 6,1b),

Twe central portion of the band shows slightly massive
nature and contains euhedral to subhedral porphyroblasts of
magnetite, Hematite occurs as cementing material or along
the weak planes and interstitial spaces. Mzgnetite commonly
alters to hemetite and goethite., DPyrite and ilmenite occur as

sporadic minor grains ( plate 6.1c).

In general the grain sigze varies from place to place.
Hematite oceurs as recrystalised flakes and also as amorphous

cement.

The ore samples were also studied by forming their thin
scetions. Tor meking thin section of a rock, its chip is
ground perfectly flat on one side, with carborundum powder on

a glass plate, The grinding is began with a coarse powder

and continued with finer powders until a very smooth flat
gurface is obtained, Care is being taken to aveid mixing of
grinding powder, éfldifferent grades, on the chip. A glass
slide 1s taken and a small amount of Cpnada balsam put in its
Voentre and heated gently until sufficient turpentine or xylol
has been driven off to cause the balsam to become hard and
compact when cool. The chip of the rock is then placed on the

slide with the flattened side in contact with the balsam and
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PLATE 6.1 a-Microphotograph of sample from Bottom
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glass, Alir bubbles are removed from the film of balsam between
the chip and the glass siide. On cooling, the chip is cemented
firmly on the glass, The resulting thick chip is then ground

ag previously, begimning with the coarse and ending with the
finest powder. The thickness of slice is judged by the polari-
sation colcurs given by some reccgnisable mineral e.g, gquartz,
and grinding is continued until this mineral shows its usual
polarisation colours e.g. grey and yellow for first order, After
final grinding, the slice is covered with fresh balsam and heated
again to slightly less extent than before., When balsam is of
right consistency, a very thin slide of glass—~the cover glass
slide -~ is carefully placcd over the rock slice and pressed down
80 that no air bubbles are present, The resulting slide is

known as thin section of the rock.

In thin secticns the identifiable gangue minerals are
dolomite, calcite, gquartz, stilpnomelane, rutile and chlorite,
The dolomite grains oceur-as inclusions in the iron minerals,
vhereas calcite grains contain numerous ind.usions of iron
oxide and occcur as porphyroblasts, Chamosite is also oftenly

observed,

h general survey by the studies of polished and thin
sections taken from a very close interval of 10 cms, indicate
that hematite predominates in the upper portions and is minimum in
central portion, Contrafy to this, magnetite predominates in
the central portion. Ferruginous chlorite and chamosite are

well developed at the base, whereas stilpnomelane is widespread.
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Ilmenite, goethite and lepidocrocite are sporadic and scattered
throughout, 7The mineralogical variation in the band and its
setting in the rocks has beend epicted in Fig.6,1 and the

paragenetic sequence of the minerals are given in Table €,1.

6,4 CHEMICAL ANALYSIS

Chemical analysis of the iron are samples was undertakcn

. Tror

following the standard procedures adopted by Vogel |117

2 3+

determining Fe®¥ and Fe’' iron in ore samples, first of all

total iron was determined and then amount of Fe2+ iron, The

3+ iron., AR grade reagents were

difference ¢f the two gives Fe
used in the analysis., The results have been given in table 6.2.
The sample obtained from top part of the band shows least

amount of F62+ iron indicating that it is most oxidised, Amount
of manganese, calcium and megnesium is maximum in the sample
taken ffom the bottom part of the band, Among the impurities,
titanium is in very small amount, however, a comparison of its
amount in the three samples showsit to be least in the sample

from middle part of the band, This is in agreement with micro-

scopic cbservations also..

€,5 STRUCTUKE OF CONSTITUENT MINERALS

Through microscopic studies the three samples, taken from
the iron ore band, have been found to. contain hematite,
magnetite, lepidocrocite, stilpnomelane and chlorite minerals

in fairly good amount, Of these, the first three minerals are
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TABLE 6.2~ CHEMICAL ANALYSIS OF SAMPLES OBTAINED FROM
70D, {IDDLE AND BOTYOM PARY_OF IRON ORE BAND

Elements! Top | Middle Bottom

Oxides

ret™(ous) 5.77 9,83 11.40

Fe™*(10) 54,88 58,02 50.27

810, 5,10 9,10 7.00
' 2,42 2.50

21,05 3,60 4

110, ' 0424 0,12 0.%6

¥no 4,10 3,41 5,72

a0 5,32 4,20 6.16

g0 T.24 6.80 9.31
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essentially of iron whereas rest two mey = contain iron in
detectable amount, These mincerals are, therefure, expected

to show their characteristic patterns in the Mpssbauer spectrum
of iron ore samples., The structure of these minerals have been

given bricfly in the following lines.

6.5, HEMATITE

The structure of this a-F0205 mineral has been described
in section 4.4,1I. DPossible impurities in its structurc are
1i** and Mot whereas the prescnce of 510, and 41,0, represents
contamination, ZLarge perceniage of Ti in natural sample of
hemetitc represents intergrowth of ilmenite ( FeTiOs) j1?4|..

4]

This mineral is ( Fe3+)fFee+, F83+J 0y i.e,. Fe304. It
is having an invcrse spinel structure with half of ferric iron
at tetrahedral and rest at octahedral sites and ferrous at
octahedral sites, - The deﬁéils of spinel structure are given
in a later section 7.4, A considerable amount of Ti ean enter
the magnetite structure, there being 2 continuous relationship
between magnetite and the ulvospinel molecule, FezTiO4. Mgz,
Mn and some Ca are impuritics of divalent group which mey

enter in the structure of matural magmtite |114].

645,111 LEPIDOCROCITE

This mineral is Y - FeQOH, The cxygen lattice is
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orxthorhombie with cubic close packing, The lattice parameters

are

0 8] 0
3212.4A’b=5.87-ﬂ, C=3.O6A

Iron is present here in cctahedral surrcunding of oxygen and
hydr oxyl ions. The octahedra are nearly regular and have

four corners occupied by oxygen and two by hydroxyl group |114,159]_

6.5.IV STILPNOMELANE

L

This mineral comes under the category of sheet silicates,
Preliminary details about silicate mineral structurc have been
described in section 4.,4.III. It has got mica~-like layer

structure and hence has got one tetra—and two octahedral sitesf116

Two hydroxyls and four oxyzens form the apexes of the cctahedron.

The Oa site has hydroxyls on opposed apexes and the Ob site
hes the hydroxyls on adjacent tips | 160{. Trivalent iron
ey be present in both tetra-and octahedral sites, however,
bivalent iron is generally believed to be in octahedral

coordination only |71,116

Chlorite is alsoc a member of sheet silicate minerals!
group., Its structure consists of alternate mica~like and
brucite~like layers ( Tig., 6.,2). In brucite-like layers

metallic ions e.g. A13+and Mg2+ are surrounded cctahedrally



BRUC!TE{
LIKE

O— oxygen , @— Hydroxyls , Oand® — Silicons (some of them replaced by aluminiums),

® —Magnesiums (partially replaced by aluminiums ), @ — Alymirium, Iron, magnesium ,
»

FIG.6.2. STRUCTURE OF CHLORITE ,
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by hydroxyl ions. 1In this structure, hence, there are three

octehedral and one tetrahedral site in each unit |71].

6.6 MOSSBAUER STUDIES

Three samples from top, middle and bottom of the iron
ore band, referred to as T,M and B respectively hereafter, have
been subjected to this study. Thelr Mossbausr spectra were
obgerved at room temperature, The gamma-=ray socurce used was

~5,5 mCi 0057

in palladium matrix, The absorbers were
prepared by weighing 50 mg of powdered samples and forming
their pellets after thoroughly mixing with the required amount
of boron nitride, The Myssbauer spectra were analysed on

IBM 370/155 computer using a least square fitting programme,
The results are given in Table 6.3. The spectra of all the
three samples shovw three six line patterns and one or two
quadrunpole doublets. Two six line patterns ( 4 and B in

Figs 6.3, €.4 and 6,5) are characteristics of tetra~ and
octahedral sites of magnetite [161| while third ( site C)
corresponds . to kematite |121| o Comparison of parameters of
these sextets ( site A,B and C in Table 6,3) with those of
respective synthetic compounds [161,121] shows the presence

0of impurities in these structures. Apart from these two,
stilpnomelane ( site D) |116] is also present in all these
samples whereas the presence of lepidocrocite in sample M
(site I in Tig, 6.4) and that of feruginous chlorite in sample B

( site E in Fig. 6.5) has been identified by their representative
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PABIE 6.3~ MOSSBAUGR PAXLMETERS OF SAMPIES OBTATINED FRON
_TOP,MIDDLE AND BOPTOM PART OF THE IRON ORE BAND

— ey

o . ——— o ——
o

Relatiye Heff & 2€
Sample | Mineral Inte?51ty Site (Eoe) (m/s) (mm/s)
. (7 20.5K0e +0,01 mm/s | $0,06 mm/s
- A 488 +0.38 0
Top Magnetite 31.9
B 457 +0.73 ~-0.,03
Heme tite 64,6 ¢ 14 +0.45 ~0.46
Stilpno- 3.5 D - +0.45 0.47
melane
I1iddle Magnetite 68.3
Hematite 25.2 C 512 +0445 ~0.4%
5tilpno- 2.4 D - +0435 1.04
mclane
Lepido- 4,1 B - +0.40 0.53
crocite
A 500 +0.,277 -0.31
Bottom lgnetite 51.6
B 454 +0.68 .01
Hemgtite 36,3 o 502 +0.54 ~0 .27
Stilpnow 52 D - +0.42 Q.73
nelane
Chlorite 6.9 B - +1.,32 1.98

'5*' mocasured with respect 4o atomic iron.
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doublets [162, 163,

A comparison of intensity ( Table 6.3) corresponding %o
each mineral gives a considerab}e variation from top to bottom.
The spectrum of sample T shows it to be hematite rich whereas
gample M ig observed to be dominant in magnetite, Thé specirum
of sammle B shows decrease in the amount of magnetite and
an increzse of hematite. Tnpese observations are in Close
agreement with microscopic studies, Stilpnomelane has been
observed in all the spectra whereas lepidocrocite in sample M
and ferruginous chlorite in sample B only are observable, Minor
phases of ilmenite, goethite and pyrite ( observed in micro-
scopic studies) do not show their representative patterns in

the Mossbauer spectra,

6.7 GENESIS OF IRON ORE BAKD

The field occurrence and petro-mineralogical evidences
suggest that the iron ore band hes been metasomatically
emplaced along the contact betwesn aczidic intrusive mass and
dolostone, Iater movement along this band ( faulting) has caused
the remobilization of iron oie and resulted in the development
of hematite, porphyroblastic magnetite, martite, stilpnomelane.
chlorite ete, The assimilation and replacement of dolostone is
evidenced by the inclusion of unreplaced dolomite within the
iron phases., The low grade metamorphism suffered by rocks gave

rise to minerals like chemosite ané chlorite,
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The mode of genesis can be fﬁrthur claborated with the
laboratory studies of Holser and Schneer [164}, They synthesised
hydrothermzl magnetite from iron chloride sclutions having 1000 ppm
Fe3+ and 500 ppm Fe2+ with a2 pH of 2. They used calecite to
neutralise the solutions and for erystallisation of magnetite
At 320°C the principal product observed was crystalline magnetite
whereas at temperatures 24¢°C and 15000, approximately 70 and
90 / hematite respectively with remainder magnetite was obscrved,

It was concluded that if the iron is transported in HCl'solutions
the deposition of magnetite in carbomate rocks can be expiaincd

by the reaction between acidic scolutions and Ca003n

4 similar situation can be visualised here as well. Tﬁe
iron rich acidic solutions, probably released from the acidic
intrusive body, came in contact with the carbonate country
rock and thus resulted in crystallisation of magnetite and
cementing hematite a2t moderate temperatures by the reaction
between CaCO3 and she solutions, The caleite grains of the
band contains fine magnétite octahedra and filling along
cleavages and fractures ( also cbserved by Holser and

Schneer [164]).

The different mineral vhases of this ore band show

wlde variation in She Mpssbauer paraneters and nced explainaetion.

HEMATTIE

Hematite in sample T and M has ncarly same Fossbauer
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parameters ( site C in Table 6,3). The internal field, Hyper in
these is close to that of synthetic hematite [121I,showing a
structure nearly free from impurities, (On the contrary, Heff

in sample B is quite low indicating higher degree of impurities
present in the structure, The probable impurities in hematite

. Higher iscmer shift,

structure are mamnganese end titenium [114
&, and lower guadrupole splitting,2€, in this case ( sample B)
suggests Mm3+ as the impurity [165, 166|, This is in accordance

with the chemical analysis result ( Table 6.2).

These variations of Mpssbauer parameters can be well
correlated with physical cobservations, Thé'impurity frec struc-
ture of hematite at the top is due to high energy level of its
crystallisation undef stress conditions. 1In the base of the
band not much recrystallisation of hemtite ( under stress) has
taken place and Mn-rich hemstite is common as stresses were less
effective at the base of the ore band,

MAGNETL TR

The tetrsahedral site ( site A in Table 6,3) of sample M
seems close to that of pure magnetite, The parameters of sanples
from margins ( T and B ) indicate insertion of impurities 'intb
the lattice ( Mg2+, etc,) which were intreduced into the minera-
lizing soluticns by the assimilatién of dolostone rocks
occurring at the base of the band. Higher value of 2€ and lesser

vaiue of §, in the case of sample B, indicate it containing

Mg2+ as impurity |20

-
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The 26 values for octahcdral site ( site B) of magnetite
are slightly higher in the samples Trom topand bottom part of
the band, whereas, it is zero for sample M, This canbe
correlated to the microscopic observation of the presence of

titani-ferrous magnetile on the two sides and its absence in

the central part. This is further supperted by low values of
Hopp in samples T and B than that in casc of sample M. Least
value of Heff and § in sample B indicate it to be most impure
of the three samples, and the impurity is most probably Ti [167],

in agreement with the results of chemical analysis.,

The relative ordered structure of magnetite in the
sample M can be attributed to receipt of legser amount of
impurities from the country rocks as well as to remobilisation

in the band.

T ———— ———— T o

Doublet D in the Mossbauer spectra of these samples can
be assigned to presence of Fe3+ in octahedral sites on the
basis of its Ubssbauer parameters. These sites can be attributed
to stilpnomelane which is the only non magnetic iron containing
mineral, widespread within the cre band, as has been observed

e2 4 at tetra=-

from microscopic studies. F * at octa- and Fe
hedral [116|are not detectable due to their very small amount,
L)

Such variations in this mineral are not uncommon |[116,168

The decrease in the value of '§' and increase in'2€' in
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case of sample M can be attributed fo presence of Mg2+ which is
lesser electronegative and having larger ionic radius than

iron |20,169|. Mg was mede available by the assimilation of
dolostone rocks at thg base of the ore band ( as discussed in

geological setting and shown in Pig. 6.1).

6.8 CONCLUSLON

The iron ore band aésociated with meta-acidic intrusive
consists of hematite, magnetite, martite, lepidocrocite, |
stilpnomelane, dolomite, czalcite, chlorite and chamosite,
Ilmenite, goethite and pyrite are present in minor amcunt and
are not detecteble in the Mossbauer spectrum. This ore band
was emplaced metasomatically along thé contact of meta-acidic
unit and dolostone country rock, The crystallisation of magnetite
and miner hematite took place at moderate temperatures by the
reaction between acidic mineralizing solufions ( probably derived
from the intrusive mass) and the calcite of country rock, ILater,
the éusceptible upper surface of this band acted as plane of
movement which caused the remobilisation of iron ore and
resulted into the formmtion of long flakes of hematite,
porphyrobiasts of magnetite, martite and stilpnomelane, Low
grade metamorphism resulted in the generation of clamosite
.and chlorite, The Myssbauer spectra of samples T,Mand B
reveal magnetite, hematite and stilpnomelane in varying amounts
whereas lepidocrocit; in sample M and ferruginous chlorite

in sample B are also observable, The structures of magnetite
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and hematite are comparatively more pure in sample M than those
of sample T and B whereas inclusion of impurity in stilpnomelane
of samnle M is relatively more than that of sample T and B.
These variations have been suggeéted to be due to the differen-
tiél stresses and remobilisation exXperienced by even this small
band and are correlated with the physical state of this ore

band.

Thus Mossbauer effect in addition to other technigues
may be useful in understanding the different processes,
responsible for various changes in the minerals of the geologic

Past.
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CHAPTER 7

STRUCTURAL AND COMPOSITIONAL STUDIBS OF WATURAL CHROMITES OF
¥
INDIAN ORIGIN
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* Based on 'Structural and compositional studies of natural
chromites of Indian origin'., A.K.Singh, B.K.Jain
S.K.Date and K.Chandra.
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7.1 INTRCDUCTION

Chromite ( PeCr,0 2+

L

4) is a chromium rich spinel with Fe

at tetra = and Cr”  at octahedral sites and is the only ore
mireral of chromium., The chemical composition of natural
chremites can be expressed by the formwla ( Mg, Fe) [Fe,Cr,A1]2O4
that is ferrous iron is partly replaced by megnesium and c¢hromium
partly by aluminium and ferric iron. Its relation to spinel
group allows chromite a wide range in composition and physical

properties. Palache etyal.| 170 | divided the spinel group into

three series based on Frivalent elements:

Spinel Series, Magnetite Series  Chromite Series
Al Fe Cr
Mg Spinel Magnesic Ferrite  Magnesio Chromite
Fe Hercynite Magnetite Chromite
4n Gahnite Franklinite Artificial
Mn Galaxite Jacobsite -do-
N1 Artificial Trevorite ~do-

From rmamerous analyses natural chromites have been found to

be essentially solid solutioné, principally of Mg and Fe end
members of spinel and chromite series, with a subordinate but
persistent proportion of the magnetite series. The composition
diagram for natural chromite may be depicted by a triangular
prism [171,172,173 | (Fig. 7.1), known as Stevens!triangular
diagram, . The shaded portion of the prism indicates the compo-
sition field that includes most natural chromites [172 |. The

analyses done on natural chromites show that these cover zbout
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FIG.7.1- STEVENS TRIANGULAR DIAGRAM INDICATING

COMPOSITION RANGE OF MOST NATURAL CHROMITES.
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70/ of the theorctical range from (1g,Fe)Al,C, to (Mg,Fe)Cr,0,.

2+

Phe content of Fe”™  has a wide rangs and appears to vary inde-

pendently of F03+ {172 |, Thus obsexrved wide compositiomal

range in both di- and trivalent elements show it %o be relatively
sensitive to the chemical and thermal conditions which accom -
panied their formation |[174 |, Chromite is, therefore, poten—
tially an cxtremely important indiecator of the physico-chemical

and thermal conditions under which its host rocks have formed.,

7.2 PAST STUDIES AND STATEMENT OF PROBLEM

In the past, studies of natural chromites have been
done to find out their composition, cation distribution, cell
dimensions etc, Clark and Ally | 175/,from a study of five
chromites, suggested that the cell dimensions decreases with

176 | has categorised

increasing A1203 contents. Malhotra et.al.
Indian chromites ( from different regions) on the basis of

their compositional study, Chakraborty | 177) has done studies
on the geology and mincrslogical characters of Indian chromites

through thin and polished sections and chemical analysis.

Cation distribution studies had been done through X-ray
diffractometry in past. However, this technigue becomes useless

when one is interested particularly in finding cut the sites

2 54

of Pe® and Fe’',which are expected at any or both of the

ccta (Bland tetrehedral (A) sites of spinel. This is because
atonmic scattering factor of these two ions,for X-rays, are
very nearly same, It is here that Mossbaucr spectroscopy of

Fe57 plays 2 vital role., Matural chromites have been studied
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178 |

through this technique only recently. Da Silva et.zl.
has investigated ten samples from Brazil to study oxidation

2+

process of Pe“" and the distribution of cations over 4 and B

sites covering a temperzture range from 25°%¢ to 1200°C, F63+/F62+
ratio in case of five samples from Madagascar, USSR, Iran and
South Africa have been calculated and its variation, &t both

the sites of splnel, vas obtained ag a function of temperature

by Fatseas et,al [179 |, These studies have been correlated

with hopping effect and activetion energy associated with this

effect has been discussed |179 |,

The studies done on some natural chromites of Indian
origin form the subject matter of this chapter. In all four
samples were taken, two from different places of same Byrapur
(Mysore) ore belt and one each from Iadakh (Xashmir) and
Sukinda ( Orissa). Microscopic studies of polished sections
of chromite rocks were done to identify chromite, gangue minerals
and to see whether scondary alterations have taken place,
Chemical analysis of the separated chromite was done to find out
their composition whereas Mossbauer analysis was done fo study
various physical aspects of spinel structure and hence to find,
out the type of spinel structure, Iastly attempt has been made
to suggest some points about their genesis and conditions that

led to their formation,

T+3 OCCURRENCE

Chromite deposits occur most commonly in highly basic

or ultra-basic igneous rocks, containing predominantly olivine
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and pyroXene, like peridotite, dunite and in their alteration
product, serpen{ine rock., It also occurs in basic gabbros,
Usually chromite oeccurs as small grains, but by the segregation
of these grains, ore bodies may be formed. Its deposits are
regarded as early or late magmtic segregation or injection

product,

In Indian peninsula, chromite deposits oceur gquite exiten-
sively, on the eastern part, from Bihar to Madras, On the western
coast chromite ores of appreciable size and concentration are
present in Mysore and ﬁhharashtra. Here chromite always occﬁr

with serpentiniged dunite-peridotite and pyroxenites,

Following is given orief account of the chromite deposits

wherefrom presently studied samples were takeni

(a) Sukinda = The Sukinda ultremafic is the largest single
chromiferrous field mass in Orissa, The ultramafic field lies
to the north-west of Sukinda 'Khas' near the trijunction of
Cuttack, Dhenkenal, and Keog&ar districts. The extent bf the
field is about 40 sg. XKm. These deposits are early magmetic,
Both coarse and fine grained Eres are noticed and they may be
banded, mssive or occur as disseminations. Their Cr:Fe ratio,
being about 3:1, make them quite suitable for metallurgical

purposes | 180, 181],

(b) Byrapur - Tt is an important mining occurring place in Hassan
district of Mysore., These mines lie in association with ultra-
hasic rocks within the Nuggihalli schist belt. High to low

grade chromite deposits occur in the uwliramafics. The schist
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belt extends for a length of 40 Km. with an average width of

1.0 Km., The chromite ore body at Byrapur has a strike length of

« The

60 meters and a maximum thickness of 12 meters |181
deposits are confined to ultrabasic rocks and occur as both
disseminated . and massive ore bodies, Chemical analyses show
Mg/fe2+ ratio to be about 2:1 and Cr:Fe ratio about 2.5:1, Since
this ore is having a relatively low alumina content, it is of

chemical grade [182 |

(¢) Iadakh - From south of Astor to the Dras region and including
the Burzil Pass, in Kashmir, the volcanics and pyroclastic
sediments have been called the 'Dras Voleanics! of Ladakh

. Deposits of chromite in the form of pure olivine-

region |183
chromite rock occur in dunite intrusions forming hill masses in
this voleanic. As these deposits have been located only recently
and are not important from economical point of view, not much

literature oxist about the chromite deposits of this regionm,

7.4 STRUCTURE 0OF CHROMLTE

i

Chromite mineral is a spinel rich in chromium, Spinel

is the name giVQn to a category of oxide compounds having
structure similar to that of MgAl,0, { spinel mineral), In

its structure oxygen lattice is fece in cubic close packing
with trivalent aluminium icns surrounded octahedrally by oxygen
lons and divalent magneium ions occupying tetrshedral sites
cach surrounded by four oxygen ions. In this structure each

o0Xygen ilon alsce has teirahedral coordination, its nearest
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neighbours being three metal ions of octahedral coordination and

one tetrahedrally coordinated metal ion |127 | ( Fig. 7.2), The

crystallographic unit cell consists of thirty two cubic close
packed oxygen atoms and 64 tetra ( also known as A sites ),

+ 32 octahedral { also called 13 sites) sites. Of these 8 tetra-
and 16 octahedral sites are filled, In 'normal spinel structure!
unit cell consists of 8 divalent ions at tetra and 16 trivalent
ions at octahedral sites, Examples of normal spinel are FeA1204,
CdFe2O4, ZnFeeO4 etc, Unit cell of 'inverse spinel structure’
has a distribution of 8 trivalent iéﬁs at tetra—- and 8 di-and

8 trivalent ions . at octahedrél sites. The oxides 1in this

category are NiF6204, CoFe204, F6304, FeCrNiO4, FeGuMm04 etc,

Chemical formule for chromite is FeCr204. It is & normal
spinel structure and has Te?t at tetrahodral or 4 sites and
Cr3+ at ocvahedral or B sites, In rnineral chromite, replacement
of Cr3+ by iron, which causes varietion in structure, is not
uncommon, To understand this variation Fe~Cr spinel system,
F92+Cr3+ Fei+0 in the range 0<{¥<2, has been studied through

2=X 4

X~ray diffraction, Mossbauer ¢ffect and magretic measurements
|184- 187 |« On the basis of structure changes three regions
in this system have beer suggested, BRegion I extends from
Xx=0 to x~0C,7, where structure is normal spinel i,e, all the

FeEﬁ goes at octahedral site, Region II begings. from x~0.7 and

34

terminates at x~1.4. Within this region some of the Fe”  ions
are at octa- and some at tetrahedral site and it is known as

Sransition region from normal to inverse spinel structure. From



FI1G.7.2. SPINEL LIKE STRUCTURE ,
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X~ 1.4 to x =2, Reglon IJI ie defined where structure 1s purely

inverse spinel.

Teb EXPERTMENTAL DETAILS

Chromite samples taken from Ladakh { Kashmir) and Sukinda
(Orissa) have been designated as L amd § respectively whereas
those obtained from different places of Byrapur (Mysore) chromite

belt have been abbreviated as B1 and BZ'

Microscopic studies of the chromite rocks were done on
their polished samples. The polished specimens were obtained by
smoothing the rock sample in an ordinary vay and finally polishing
them by rubbing it on a lap sprinkled with a fine polishing powder
of chromium oxide, Mjcroscopic observations were done on the
ore microscope. The microphotographs of the polished samples

have been shown in plates 7.1 and 7.2,

These chromite rock samples were poor in gangue minerals
hence chromite mineral was separated under microscope by hand -
picking after crushing the rock in an agate mortar. 1In the cgse
of sample B, where gangue was present in slightly higher amount
the mineral was separated using isodynamic megnetic separation

method |188 |, The instrument used for this purpose was Frantsz

isodynamic separator model T-1, A1l the analyses were done on

these separated chromite samples,

Chemical analysis was done following procedure adopted by
M2ll [189 |. Estimation of only Mg0, FeO, Fep0z, AlyDz, Cry05,

apart from 8102, was done since these sum to more than 98 % in
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. The analysis estimating the above said

chromium spinels 1174
five constituents { 810, is excluded) is said to be ‘complete'[174 |,
The spectrophotometer used in this analysis was spectronik-20 Bosch
and Lemb mske, 4All reagents used in the analysis were AR grade.

The results showing . percentage of differsnt constituents in

chromites have been given in Table 7.1.

Mossbauer spectra of powdercd samples weretaker at room
temperature and at liquid nitrogen temperature in case of samples

S and BE' These spectra were analysed with a least square fitting

programme on dec-10 computer,

7.6 RESULTS AID DISCUSSION

7.6.1 MICROSCOPIC STUDIES

The chromite samples are from massive oOre region., All are
carly magmatic hence have crystallisad at high temperatures, The
description of individual sample is as follows:
sample I = In this sample, chromite grains are Xemomorphic showing
a reaction with gangue, Incipient alteration has been observed
along the grain boundaries and fractures, The associated gangue
mineral is enstatite ( orthorhombic pyroxene), a primary consti-

tuent of basic igneous rocks,(plate 7.1a)

Sample S - The chromite crystals have grown with xemomorphic

grains, The association of silicates with chromite ore is very
less, Incipient alteration is observable along grain boundaries
and fractures only ander high magnification lenses., The gangue

minerals are tale and serpenting which form by alteration of
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TABLE 7.1~ WEBIGHT PERCENTACE OF OXIDES IN CHROMITES FROM

V.

- - .--n - —— - R r——-—- e e ——— ——

Locality 510, FeO Mg0 FeQO5 Or203 AI?O3

Sukinda 0063 0.70 19.35 7-72 66130 1 oD%

Tedakh 1.23 4,97 17435 9,68 60 .61 4,08
Byrapur :81 _ 3-50 q017 15!572 12::70 - 60568 2¢O4

Byrapur 3, 5446 8,49  15.32 30.83 39.57 4.79



. PLATE 7.1 a=Microphotograph of Ladakh Chromite,

Magnification- 40 X
Enlaxged X2

PLATE 7.1 b-Microphotogfaph of Sukinda Chromite.
Magnification- 40 X
Ezwxégwréeui, X2,



magnesium bearing rocks.( Flate 7.1 b),

Sample B1 - The crystals c¢f chromite have grown with ideo-
norphic graing indiecating absence of reaction with gangue.

The associated gangue mineral is serpentine ( Plate 7.2 a).

Sample B2 - The microscopic observaticns show chromite crystals
grown up with corroded boundaries showing reaction with gangue,
llost of the grains exhibit alterations along the grain boundaries
( forming rims) and fractures. The associated gangue mineral

is serpentine { Plate 7.2 b).

Te6 IT CH3MICALL COMPOSITION AND CLASSIFICLTION OF CHROMITES

The weight percentage of various oxides present in the
samples ( given in Table 7,1) show lesser amount of chromium
cohtent in case of sample B, in eomparison to rest three samples.
The amount of iron present in the former sample is maxinum,

Least amount of 8i0, in the case of sample S supports the

2
microscopic observation that association cf silicate with
chromite ore is least of all the samples ( Plate 7.1 b)., These

chromites are very poor in aluminium contents.

In all the analysed chromite samples RO/R203 ratio has
been calculated as follows: Ilblecular ratios of the oxides
were first obtained by dividing percentage of each oxide by
its molecular weight. The ratio was then calculated after

subtracting silicate impurity, if it is there [171

« In
present case, subtraction was done for enstatite impurity,

which is (Mg,Fe)O.SiOQ, in case of chromite L, In other



PLATE 7.2 a-Microphotograph of Byrapur B1 Chromite.

Magnificatlion- 60 X
E}niiué%xi X2

PLATE 7.2 b-Microphotograph of Byrapur B2 Chromite,

Magnification- ' 60 X
Enlavdesd X2
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chromites, the silicate minerals present are tale and serpentine
which do not contain iron, hence subtraction wag not done, The
calculated values of this ratio are about 1 ( Table 7.2 ) which
is indicgtive of balanced spinel struecture. This result

again supports these samples to be primary magmatic on theorétical

petrologic grounds |[171

The variation in the chemical composition of chromites
and their classification can be best made out by plotting the

unit cell values on Stevens’ triangular diagram |171]. The

x
unit cell of spinel gtructure consists of 8 di~ and 16 trivalent

elements ( section 7.4), Assuming this unit cell content, the
numbér of atoms of cach metal per unit cell has been calculated
( Table 7.2) and these valucs have been plotted on Stevens’.
triangular diagram { Tig. 7.3)}s The plot shows all of these
chromites falling within the field of ferrian chromite, This
field being defined by those chromites whicﬁ are having a high

ckromium and a kigh total iron content,

7.6 III MOSSBAUER STUDIES

Mossbauer spectra of samples taken at room temperature
have been illustrated in Fig., 7.4. Whereas Tig. 7.5 depicts

the spectrz of sample 5 and B, taken at liquid nitrogen

2
temperature, The analysed Mossbauer parameters have been

given in Tadble 7.3.

" A look at the spectra of samples reveals them to be of

two types, the one vere containing paramagnetic quadrupole
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TABLE 7.2~ RO/R,0; RADIOS AFD ATOMS PER URIT CEIL LN ClSH
OF CHROMITES FROM DIFFERENT LOCALITIES

— - -
Locality RO/R203 or | k12 | meot | pelt | mgtt
Sukinda 0.98 13,95 Q.51 1.54 0434 7466
Ladakh 0096 12.74 1.34 1.92 1-12 6.88
By_fapur B1 0098 12477 0.70 2053 1076 6024

Byrapur B2 0.99 8.32 1,50 6,18 1.92 6.08
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PABLE 7.3- MOSSBAUER PARAMETERS CORRESPONDING TQ DIFFERENT
SITES IN CHROMITES FROM VARIOUS TLOCALITIES.

e e e e e ——m -

Loes1ity | Site

(K0e) {mm/s ) (mn/s)

ladakh  Felt(n) - 47 0.25
1,82
Fe t(B) - +0435 0.%6
Byrapur B, Fe2+(ﬂ) - +1,32 0.2%
2.08
Feo*(B) - +037 0,44
Sukinde  Feo'(A) - 40,18 0.58
(Room 34 A

Teliperature) Fe (B1) - +0450 0.88
Feo¥(B,) - 40422 1,02
Sukinda  Te T(4) - +0.35 0,55

(Liquid W '

: 2 3+
Tenperature ) Te (B1) - +0.75 0.88
F63+(B2) - +0.34 1.02
ByrapurB, TFe*(s) 489 10422 0,02
"{Rroon 2 '
Temperature) Fe = 453 #0466 0.10
Te3+(B)

- +OI73 0152

'5! measured with respect to atomic iron,

roa MR T o T e - P A Ty
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doublets whereas the other was consisting of twe sextets super-
imposed upon a quadrupole doublet. 4Lccordingly the discussion

may be divided into two sections,.

Samples T, B1 and S = The gpeetra of samples I and B1 each
show two quadrupole doublets, One of the doublets { doublet A
in Fig. 7.4) is due to Fe2+ as is evident from its isomer shift,é

( Table 7.3). Compariscn of & and guadrupole splitting 2€ of

2+ B4+ A0+
| FeX Cr

this doublet with those of Fe o x

|0, for 0<x<0.75[187|
shows this doublet to be due to Fez+ at tetrahedral sites ( also
called A sites) of normal spinel, The value of § is,however,

more in present case than that of Feg+

observed in FeCr204[19O|
and in Fez+|Fe2+ Crgtxﬂo4 |187|. This can be attributed to
prescnee of Mg2+ {191[ at tetrahedral sites, since presénce

of Fe3+ does not affect § of F92+ much ( evident from Table 1
of ref, |187|)and amount of crot at octahedral site is very

nearly the same in both of these chromites ( Table 7.1). The

parameters of this doublet agree well with those of relt (&)

reported,in natural.chromites,by De Silva et,al.|178|, The
presence of more Mg2+ at tetrahedral site in the case of sample L
(Table 7.1) is responsible for higher value of § |[191] than that
for B1. Quadrupcle splitting at this site arises due to random
strain developed as & result of prescnce of different cations

at octahedral sites |[187|. This strain causes lifting of three
fold degeneracy of the low lying Fe2+ crystal field states

and hence definite velue of WG at L sites,

The perameters of other doublet ( doublet B in 1ig.7.4)
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in both of theee samples (L and Bj) are about the same as

S+ gtate at octahedral

those for 7nFe,0, |192| where iron is in Fe
site. The dgublet B can, therefore, be assigned to F83+ at
octahedral site of spinel structure., The parameters agree well
with the carlier reported values of F93+(B) }179,187}. The

vajue of § in both the cases is about same whereas 2€ in the

case of B, is more than that for chromite L and needs explanation,
Llthough B site in spinel structure is surrounded by six 02_

ions nearly octahedrally, the point symmetry is trigonal with

its axis in <111)> direction. This trigonal ficld causes clectric
field¢ gradient (KFG) at B sites |19%|. The presence of more

Fe2+ ( having larger atomic radius) present at 4 sites creates

more asymmetric enviromment . at B-site |194| and hence larger

value of 2€ in case of B1 chromite,

5+ 4t B sites

Thus chromite T and B1 have w2t at A at Fe
which is characteristic of norm=l spinel structure. Since
roecoil-free fractions for both i- and B-sites are known to
be sinilar in spinels [195[, the absorption area corresponding
to both sites provides a good measure of gite occupancy, The
comparison of Fe3+/Fe2+ ratios(from Mossbauer speetra ) with

thosc obtained from chemical analysis shows a close agreement

(Table 7.3 and T.4),

The Mossgbauer spectrum of chromite S, recorded at
room temperature shows three doublets. Doublets 4 (Fig,T7.4)
can be attributed to Fe’™ at 4 sites becquse of its low value

of & [179]|. Distribution of cations at B sites may be
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responsible for 26 value of this doublet as in the casge of

FeNiAlO, and PeNiCr0, [193]. The other two doublets ( B and ¢
5+

in Fig, 7.4) represent two different crystallographic Te
3 -

B sites. The presence of more than one Fe * B sites has been
demonstrated by Fatscas et.al. [179] also in natural chromites,
The parameters of these doublets agree well with those reported

earlier [178,179

. The spectrum does not indicate a doublet

2+

with paramcters characteristic of Fe™ ( its presence has been

observed from chenical analysis), This may be probably duc

2+ in this sample { Table 7.1)., To

to very smll amount of Fe
check whether the sample undergoes a phase transition, its
spectrum was taken at liquid nitrogen temperature. The spectrum
still showed three doublets, '§! has been found larger than the
room temperature values and can be attributed to second order
Doppler shift whereas 2€ vejues remain umaffected for all the

sitcss Such observations have also been noted by Mizoguchi L

et.al,

193|. Thus on¢ can conclude that: this sample is not

undergoing any phase transition upto liquid nitrogen temperature.

Sample BZ —~ This chromitc, although belongs to same Byrapur

belt as B1, shows quite large variations, Chemical analysis

of the sample ([ Table 7.1) shows largest amount of iron and

least amount of chromite of all the samples. The room temperatufe
YMossbauer spectrum of this sample shows two six line patterns,
thus indicating inverse spinel structurc, similar to those of
magnetite |196| alongwith a supcrparamagnetic (SPM) doublet.

The panttern having larger internal magnetic ficld, Heff’ and
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sharper lines ( ¥ig. 7.4) are due to F93+ at tetrahcdral ( or A)
sites while bropder lines with lesser Heff (Tig.7.4) may be due

34

to Felt - Fe’* at octahedral ( or B) sites. The broadening

of B~sites lines and the value of § (midway between $'s of F02+

3+) shows the hopping of electrons between Fel* and Teot

and Te
ions at B-sites. It also indicates that hopping is sufficiently
fast enough to give an effective average valence of +2.5, however,
it is slow enough net to restore natural line width, The
broadening of B—-site lines can also be attributed to prescnce

of impurity icns e.g. Cr3+, e (187| and tc small grain size
which also slows down electron hopping {53|. The presence of
impurities at L and B sites is also reflected in the definite
values of 2€ (although very swmall) ané lower value of Heff's

than those in the case of synthetic magnetite [196]. The
simultancous presence of two sextets and a doublet gives an
indication of spm effects due to smll particle size. This

has been checked by taking its spectrum at liquid nitrogen
temperature {Fig, 7.5), It shows an increases in the intensity

of 8ix line patterns at the cost of that of spm doublet (Fig.7.5)

due to increzse in spin relaxation time,

7.7 CORUELATION OF COMPOSITION AlD STRUCTURE WITH GEIETIC
CONDITTONS

The valiue of F83+/F82+ ratio is greater than one for

all samples, indicating that all of these have formed under

high oxygen fugacity. fo I174|. A relative comparison of
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this ratic ( Table 7.4) suggests that £ 1S highest for sample S
2
and least in case of sample L, in latter case fo is about

the same as for sample B,, Comparison of Fe3+/]?e2+ ratic in
case oi samples By and B, suggests that, although initislly
the maguatic conditions were same ( since these are taken from
same ore belt), later alterations led to higher value oIl this
ratio in the case of B, ( also evident from microscopic

cbservations).

34

is the ionic radii of L13+ and Cr are smaller than

those of F83+, it should be expected that they are more

s

abunéent in the early formed crystals, while Fe” will beconme

concentrated in the later crystals of an isomorphous series.,
Lmong the divalent cations in chromite Mg2+ (0,78 ﬁ5 has a

0
smaller radius than Fe2+ {0.8% A ) hence an early formed

chromite will heve more of Mg®T than Fe°*, Thus early formed

3+, A15+ 2+,

chromite should be cxpected to be rich in Cr and Mg

while the later segregations should be progressively enriched

2+

and Peot [176 |+ Thus on the basis of Mg/Fe2+ and -

in Fe
¢r/fe ratios, suggestions can be put sbout their time of

genegis on a relative scale. Upon comparing these ratios
(Table 7.4), the samples can be placed, according to their
time of crystallisation, in following order: S,L,B1 and Bz.

Thus sample S is earliest crystallised while B2 is of lates?

time,

Norms1 spinel structure in case of samples 1,5 and B1

and inverse in cese of cample B2 suggests that the latter has
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TLBIE 7.4~ SOMB RATIOS IN CASE OF DIFFEREFT CHROMITES

Locality Fe3*/F§* Mg/F82+ ¢r/Te
Sukinde 9,66 48,0 8,16
Iadakh 1.75 6.14 4,21
Byrapur B1 1.60 3.90 %.07
Byrapur B2 327 5.22 1.03
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crystallised at relatively higher tewperature |180|. It is

known that iron end members cf spinél group have lowest melting
point hence iron contents increase in chroimites as the crystalli-
sing system becomes cooler ]173|. Eighest iron content in tuw
case of sample By, therefore, suggests of alterations { alsc
indicated by microscopic studies) which have taken place at

Jater stage.

Smaller particle size in case of sample Bz, suggested
from the appearance of superparamagnetic doublet in Mossbauer
spectrum, indicates of comperatively faster rate of cooling

of magma |197

7.8 CCHCLUSION

The chromites investigated in the present study were all
early magmatic and have been taken from massive ore region. All

of these are having balanced spincl structure. The plot of

number of atoms per unit cell on the Steven's triangular

diagram shows them falling within the region of Ferrian chromite.
Among these,samples 1 and ZBJ| show large similarities.

Both have normal spinel structure with Fez+ at n and Fe3+ at

B sites. Fe3+/Fe2+ is not much different in both cases. Cther

constituents also do not differ much, The genetic conditions

were probably very nearly';he same in the case of both of

these deposits., The sample T is of relatively earlier time

than B1. Sample S5 shows least amount of iron content with

34

practically all in Fe’t fopm distributed at 4 and B sites both.
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The condition of genesis werc such that oxygen fugacity wes
higher and the magma was poor in iroen and rich in chromium,
Turther the association of silicates was very smll s indicated

from microscopic and chemical analyses,

Two samples B, and B, taken from same ore belt show large
variations. BRBeing derived from same belt, the magmatic
conditions can be supposed to be the same, however, the crysta-

1lisation of B, took place at relatively higher temperature

2
with faster cooling rate which resulted into inverse spinel

structure with smll particle size, ITater alterations
experienced by this sample led it to be iron rich and noor

in chromium,
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Preceding chapters give an account of the attenpts made

57

in exploring the applicability of Fe”  HMossbauer spectroscopy
in the fields of mineralogy and geochemistry, The technique
hags been used for identification of mineral phases, studying
their structural variation, cation distribution at different

sites in a mineral structure etc.

Mossbauer technique has following advantages; over others,

in studying natural samples, It distinguishes clearly between

e2+ 34

7 and Fe” " sites in a mineral phase. Other standard netheds
e.gs X~ray diffraction, electron prcbe are unable to differen-
tiate between Fe2+ and Fe3+ whereas chemical analysis gives

an unreliable data, The applicability of this technique in
studying crystallized as well as poorly crystalliged, amorphous
and fine grained samples e.g, mud, clay ete,, with equal

efficiency, place it ahead of optical and X-ray tectniques.

The former of these twp is time consuming and not workable
always while the latter one shows broadened or diffuse lines

2+

for fine particles., The rapid dctermination of Te™ site

2+ ratios, in silicate minerals, through

populations and Fe3+/Fe
Mossbauer effect makes it quite useful for studying tordering’.
Chemical analysis, together with optical density measurenments,
may suggest ordering but can not determine it quantitatively,

Infrared spectroscopy does not appear tobe a precise method

and is limited to silicates containing hydroxyl group only.

It has, however, certain shortcomings alsc, While doing
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jdentification type of work in case of a nulti-phase assembly
e.g. a rock, it might be very difficult to resolve different
overlapping lorentzians unless informtion on the mineral content
is available from other sources., The similarity of Mossbauer

¥ ions in silicate minerals makes it a

parameters for Fe
relatively poor method in identifying ferric paramagnetic
minerals . The relative amount of iron in various mineral
phases is calculated by estimating the area lying under the
absorption line which in turn is determined by number of iron
atoms ( in that particular site), The latter two quantities
are related directly for thin absorbers only, hence corﬁ%tions
arc needed for thick absorbers, Secondly, the primary data
must be corrected for the background of non-lMossbazuer radiation,
Thirdly, there are still no suitable published measurements of

resonant fractions for almost all the minerals which one has to

deal with.

With present state of development,as regards the instru-
mentation and sourse strength, it is possible to detect 0.1/
of magnetic and somewhat less of paramagnetic mineral in a
natural sample; With further improvement in techniques, it
should be possible in next decade to extend the detection range
down to 100 ppm, At this range, it could be very difficult
to detect minerals using other standard technigues even if the .

minerals ave well crystallised,

In chaptor 4 of this dissertation, effect of annealing
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Bn ochres have béon discussed, These natwml pigments have
been frequently used by ancient potters and hence the study
finds possible application in archeoclogy. DPottery wares are

of prime importance in archeology as cultural items, indexes of
artistic and technological skill, and objects of extensive
trade in ancient world. These are made up of clays which is
defined to be fraction oﬁ soil consisting of particles with
diam;ter less than 4[Am. The relatively high abundance of

iron in clays used in ancient pottery ( ranging between 5 and

57

10/) allows one to usc Fe’' Mossbauer spectroscopy., This
technique is latest addition to the instrumental techniques,
e.g. optical emission spectroscopy,neutron activation analysis,
ugsed so far in providing unambiguous interpretation of the
results, about artifacts, derived through macroscopic criteria
c.g. stylistic considerations and excavation systematics,
Mossbauer spectroscopy is helpful in giving information about

iron chemistry and constitution of unfired and fired clay. This

creates a multiparamcter . function that could be used for

provenance, classification and manufacturing technigues e.g.
the firing temperature and the type of atwosphere in which
firing took place, of these artifacts, Work has already begun
in this direction by sevenal groups |2,108,109,198|. The

d! fferent temperature behaviour observed in spectra of modern
and ancient pottery .| 199]| shows evidence that ageing of the
materials over several nillenia may bring about alterations

in the chemical and physical state of iron-containing phascs
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in the clay. It secms a disintegration process took place

over such a large pericd which resulted into small particle size
observed 1n ancient pottery sherds, The possible factors
responsible for determining particle sizes may be: the daily
temperature change, hunidity and pH of soil in which pottery was
buricd. A possible mechanism, operative inside earth, responsible
for disintegration may thusbe worked cut which may help in
tracing out the history of ancient pottery with the help of
Mpsshauer effect. In later stages, Mossbauer spectra may well
help in dating the artifacts of archeclogical interest. 1In
this manner, it may come out as unigue technigue in supplying

a time scale igv§ormation of various ancient pottery.

Detailed and cxact kmowledge of the composition, cation
distribution in ferromagnetic minerals e.g. hematite, ilmenite,
magnetite, titanomagnetite, maghemite, pyrrhotite ete. in
ignecous rocks is becoming sufficiently useful as a geological
thermometer for determining initial temperature and the rate
of cocling at the timc of formation of thesc rocks, All of
these minerals contain fairly good amount of iron and are
important from the view point of rock magnetism, A study of
the magnetic rock samples ( which are having above mentioned
minerals) from Mossbauer and magnetic measurements would help
to have an understanding of the physics of magnetism in these
natural samples which find possible applications, apart from
those mentioned above, in palecmagnetism, & field rclated with

tracing the history of the intensity and direction of earth's
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magnetic field at the time wken materials'were fermed, The
rclation between composition and ﬁagnetism is not at all well
"understood in case of natural chromites which have wide
variations in their compositions, Their magnetic propertius
vary strongly with oxidation state of iron and their site

2+am§l F83+ ( with

occupancy. Hence a careful estimation of Te
their site of occupation), for which Mossbauer technique is
best suitable, and its correlation with magnetic measurements

is very much neeced,

Thus the author strongly feels thet problems (outlined
above)} which were baffling the workers of respective fields
till now may well be solved efficiently with the help of
Mossbauer technique and hence leave lot of scope for Mossbauer
spectroscopists to work in these challanging fields of earth

gciences and archeology.
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