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ABSTRACT
MBssbayer-Ef fect Investigation of (i) Antipathetic
Relation Between Garnet And Clinopyroxene In Terms

of Iron Content And (ii) Fe’ -Doped Single Crystal
of Guanidiniuym Aluminum Sulfate Hexahydrate

’* Mehran Sabbaghian

’ ¢

S(i) Garnets and Pyroxenes in the Skarns of the Sullipek
Copper deposit, Gaspé North, Québec, show relationshipsin
col&ur between them such that the darke& is the colour of
the " garnet the 1lighter is the colour of the associated
pyroxene and vice versa. It has been suggested that this
relationship may reflect an antipathetic relation in the
iron contents of these two minerals.' In order to test tbis
hypothesis, the Fe?+ and Fe3+_contents of the minerals were
determined from their M8ssbauer spectra. The spectra were
computer-fitted to Lorentzian line shapes, and the various
peaks were assigned to iron in Fe2+and Fé%-states. A plot of
the area of Fe3+peaks in garnet versus that ofpfhe Fe2+peaks
in pyroxene shows a considérable scatter, gﬂt outlines a
trend coarsely consistent with the antipathetic
relationship. However, a correlation between the colour of
the minerals and their 1iron content was not always
confirmed, the darker colour does not necessarily indicate a
higher iron content. Presence of impurities such as Ti“-and
nu$+, and charge-transfer phenomenon may also be contributary

factors.
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(Li) The spectra of Fe3 in GASH (Guanidinium Aluminum
>

Sulfate Hefghyd;atef were obtained at room ‘temperature in

the 2 mm/gec velocity range. Rigorous computer- fittiﬁg-of

the data to two and foyr (1 and 2 doublets) peaks were

carried out and the realistic r:esult~ was chosen. The

coﬁponents were then derived and assigned to Fé* ip
r

qptahedral position. The quadrupole coupling constant
3 :

+ : .
equ/ h of Fe in GASH (for the first excited state) was,

calculated.  Furthur, the ratios of |(A-B)/A| (as founq‘by
-ENDOR measurements) to e2 qQ/ h in GasH wert}'}stimated to be
0;0023 -and 0.0034 for the sités I and 1I, respectively.
These values are consi§tent with those found for+ the hosts
rutile (Tio2 )’ and %ctaethylhemine. This supports the
analysis of SChlaakZBpredicginq a 1l4near . dependence qf

crystalline field amplitude .A) (= |(A-B)7R|) on quadrupole

—

coupling constant (g qQ/ h).
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CHAPTER 1

I%ERODUCTION o
v , . «

The Mdssbauer effect, known és recoil-free nuclear
resonance was discovered in 1958 by the German physicist
R.L.Mdssbauer. M&ssbauer effect began Fo pe widely applied
to chemical problems,after it was shown (1960) that 57Fe
exhibited this resonaﬁt phenomenon. Tpé aims in the early
period were primarily directed towards the propérfies of the
nuclear states (low energy nuclear physics). General’
interest in its applications to mineralogy, geology and
crystallography developed a few years later, where q}tention

'

57 , . .
was focussed on Fe resonance in minerals.
‘ P

9 .
Investigation on the Skarn-related Cu-Mo mineralization

at the Sullipék dep?sit, Gaspé north, Québec, have
éuggested that the skarns are zoned with
garnet/clinopy%oxene' and the pyroxene and garnet vary
aAtipathetically in Fe content. The idea was merely based on
colour variation of the garnét and pyroxene with respect to

one another, such that the lighter the pyroxene, the darker

b v
is the associated garnet and vice versa. Darker colour was .

assummed to correspond gp samples with more 1iron content,
and lighﬁer colour to the samples with less iron content.

The main objective behihd this work is to investigate the
proposed “antipa;hetic relation”, and its. correlation to

the colour of the minerals,quantitatively. This is done in




twd'steps: ‘

A- To 1investigate the existence of the agkfbathetic
\relation; quantitatively,- by wusing the area method in
M8ssbauer technique, régardless of the colourfof minerals.
B--To investiga;effhe colour dependen%e on the iron content
and its 6g:elation to ;he‘ antipa£hetic relation. The
investigation was carried out on the Sullipék deposit,
Gaspé,/Québec, By studying samples selected from drill cores
and from tailing piles (Fig.16, table 5).

In;estigations on the crystal struetufe of GASH
(Guanidinium Aluminum Sulfate Hexahydrate) has shown that,
two of the three Af+(F£+) ions per unit cell of this crystal
afe equivalent to each other and belong to site II, whereas
the other beiongs to site I. In Mdssbauer spectra this is

equivalent to having two doublets, one corresponding to Fe

+
in site II and the other to Fe3 in site I.

Present investigation on GASH is:carried out 1in order

to measure the quadrupole coupling constant equ/ h for the
sites I and II. One can use these measurements to examine
the linear relationship between quadrupole coupling con:£ant
and the axial crystaline field amé}itude fz = kA—B) / A\,as‘

28 .
derived by Schlaak in context with an -doped crystals.

The theory of thé/;;;sbauer effect, the experimental

technique, calibra;iégj and data transfer procedure and the

[ ~
< -
»

-? -
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‘computational meth®d are describéd in chapters 2, 3 and 4
respectively. Thi; is followed by the application of the
M8ssbauer spectroscopy to geology and mineralogf in chapter
5. A brief presentation of the crystal structﬁie of garnets
and pyroxéneé is given in chapter 5. Geology of tﬁe Sullipek
skarns, and description of the samples and absorbers are
presented in chapters 7 and B8 respectively. The various
spectra obtained, are illustrated in chapter 8,along with
the calculated results,aﬁd‘ainterpretations in terms of the
main objectives.

The details‘ of the crystal structure of GA;H
(Guanidinium Aluminium Sulfate Hexahydrate) and the analysié
of it§ Mbsssbéuer spectra are discussed in chapter 9. The
results are used to examine if the quadropole moment eZQq/ h

3+ , , .
of Fe 1is consistent with the ‘relationship to the value

kA—B) / A|in GASH. Concluding remarks are made in chapter 10.




CHAPTER IL

THEORY

A convenient starting point far a discussion of tﬁe
theory of the Mdssbauer effect is the concept of resonance
absorption. We speak of resonance absorption if a system
absorbs a quantum of energy equal to the difference between
two of ‘its energy states. Resonance absorption has long
been known in connection with electronic transitions. As
the energy states of the atomic nucleus are similarly
quantized discrete values,it was to be expected that,if the
ground state isobar of a gamma radiating rgdio active source
decomposing by isomer transition is used as an absorbent,it

will absorb the gamma-radiation with a large cross-section.

2.1.

"RECOIL-FREE" Gamma Ray -Resonance: (emission and absorption)

Before w1958,it was realized _that the process of
resonance absorption would be hindered by the "recoil energy
loss". This recoil. energy loss follows from the
conservation of momentum. The gamma ray emitted by the
nucleus hgs a certain momentum appfoximateiy P=E./C ,and to
coﬁserve the original momentum of the system, the nucleus
emitting the ray ‘must acquire Eo/C in the oOpposite
direction. However, this implies that a kinetic energy
PZ/ZM = EZ/ZMC M is thé mass Of the recoiling nucleugy has

been given to the nucleus(see Fig.l.). This energ%. came

-4 _

“
3

e,
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from the original excitation energy of the nucleus, E,.
From the conservation of energy, therefore, phe gamma ray
does not have the full transition energy E;, but

(approximately) Eo-Eg/ZMCZ.

Initial state:

4

nucleus with energy E, and momentum 0

o
After emission:
‘nucleus with momentum Gamma with momentum
"'Eo/c X Eo/c
el o

2

and energy-EE/ZMC and energy EO-E§/2MCZ'

Fig.l. Emission of gamma rays from a free atom.

This recoil energy loss is very small,typically only about a

millionth of E , but fhe nuclear resonance is so sharply

tuned that it can be destroyed by a change of the source

frequency of only one part in ten billion. Thus, it was not
expected.to observe the r;sonance absogption,‘ since the
energy lost to recoil was some 100.000 times the resonance
width. MUssbauer had the insight to realize that the simple
"isoclated atom"™ picture might not be valfa in a solid, and
was able to show that when the bonds between atoms were

considered, a quantum mechanical analysis of the process led

to a different result.




A realistic analysis, consideriﬁg the character of the
forces between the atoms in the solid, shows that the
crystal vibration enekgies( like atomic energy 1levels, .are
qﬁantized. Thus only certain amounts of energy can be given
to the «crystal lattice, i.e.,_ it can accept 0,1,2,...
quanta of vibrational energy called "Phonons", but not a
fraction of a phonon. If we choose a situation in which the
free-atom recoil enérgy is much smaller than the energy
required to give one phonon to the lattice, most of the
gamma ray emissions will be "no-phonon® processes} i.e., no
phonons, and therefore no energy, will be given to the
lattice, and gamma ray will have the £full energy

- [

corresponding to the nuclear resonance.

The percentage of no-phonon gamma-ray emissions, known
as the "recoil-free fraction", can be almost 100% for some
isotopes, but is usually much less. It decreases very
rapidly as E, increases, since the free—atom recoil energy
becomes comparable to energies that can be given to the

3

lattice.

Recoil energy loss in emission has as a counterpart

recoil energy loss inuabsérption. The nucleus absorbing the
gamma ray must acquire some kinetic energy.To be resonantly
”,absorbed by a freely recoiling nucleus the gamma ray must
have the transition energy E, 'plus Epe recoil energy.
However, no- phonon processes as outlined above also occur

\
~

-6 -



in absorption, thus the gamma rays can be both emitted and
absorbed in no phonon events., This process of "recoil-free"
gamma ray resonance emission and absorption is the heart of

the MBssbauer effect.

The percentage of no-phonon gamma ray emission, known
as the "Recoil-Free ' Fraction" or."Mdssbauer Fraction" is

1
given by equation (1l):

20y2y <

f = Exp[-4n°(X)/x ] (1)

where ) is the wavelendth of the gamma quanta and «<x2> is
the component of the mean square vibrational amplitude of

the emitting nucleus in the direction of the gamma ray.

9

2.2. EBYPERFINE STRUCTURE OF MOSSBAUER SPECTRA

As the half widths of the lines of M&ssbauer spectra
are fairly small(e.g.,4.9xlﬂ‘9ev for iron), the probability
of the effect (absorption) is very sensitive to even dquite
small energy changes.Such small changes occur about in the
energy state of the nucleuskas a result of interaction with

the external environment (the electron shell and the other

atoms of the crystal). For this reason, if the source and

the absorbent do not have identical compositions, the energy ‘

states of the atomic nuclei are algo different and the
§ossibility ®of resonance absorption does not exist. If the

source is moved at various rates, however, the resonance

state can be created with the aid of the Doppler energy and,

with knowledge of the rate of movement, conclusions can be

o




drawn about the energy differences, i.e., on the effect of

the environment.

The peak positions in a Mdssbauer spectrum are
sensitive to the extranuclear environment, such that
different compounds give different spéctra. The differences
in specﬁra can be attributed to the so called Hyperfine
Interactions, the interactions between the nuclear charge
distribution and the extranuclear electric and magnetic
fields. These hyperfiné interactions give risé to the
Isomer Shift(I.S),  the duadrupole Spl}tting(Q.S) and the
magnetic Zeeman splitting. )

In the case of minerals, we are concerned mainly with the
~

first two parameters, and how they can be related to the

electronic and ligand structure of minerals. .

In addition, other spectral parameters such as peak
shapes, width, and areas are of spegial importance for the

detailed interpretation of the mineral spectra.

2.2(a). THE ISOMER SHIFT g
o

‘\‘.
The isomer shift arises from the coulombic interaction

of the nuclear charge and tﬁe electron charge. The most
effective part of this interaction is\kthe result of the
electron- charge density at the nucleus (S electrons). "The
above interaction does not lead to a splitting of the

nuclear energy levels, but rather results in a slight shift

- 8 -



of the MBssbhauer energy levels in a compound relative to
those in the free atom. The shift will in general be
different in source and absorber(Fig.2a.), and thus the
energy of the source gamma ray SEY; and the energy required

for resonant absorption, 3E, , will be different bywlo'gev.

v

. A Doppler velocity will have to be supplied to thé}?\sourqe
or absorber to observe resonance: E, + (v/c) °E, =2E, . ‘In
this case one 1line spectrum of the type shov;ln in Fig.2b.
results. ,

It is impor tant to. realize that such a shift of energy
levels ’can also arise from the second order Doppler (S.0.D)
shift, also known as "temperature shift"™ which arises from
the thermal motion of the MOssbauer atoms. The centre or
chemical shift (C.S) observed in a MYssbauer spectrum is a
resultant of both the isomer shift and second order Doppler
shift, but the second order Doppier shift is usually much
smaller than the isomer shift, and the variations in the
second order Doppler shift 'from compound to compound are
very small.The isomer shift can be computed classically by
considering the effect of the overlap of s -electron density
with the nuclear charge density. Only S electrons of the
‘hydrogen 1like orbitals have a finite probability of
ovezlapping with the nuclear charge density, and thus of
i,ntezacting with it, however, the S-elef:tron density at the

nucleus is often sensitive to the P or 4 electron density.
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The nucleus is assumed to be a uniformly charged sphere
of radius R, and that - the charge Ze within it is distributed
homogeneously. At a distance r from the centre of the

atomic nucleus, the electrostatic.potentials is given by:3

2
Z 3
v"%'(f"?%) , where  r<R (2a)
V= Lg_
r where r>R  (2b)

As mentioned above, the S electrons with subordinate
quantum number L=0 have a finite density within the atomic
hucléus,‘the energy states of the nuclide is affected by the
charge‘ originating_ from the electrons in the sphere of

radius R. bn this basis, the energy shift can be given as?

[ R 2 .
ol g o o2 (3 X2 Ry 2
see [otv - ar = £R8 [3 L - Byefar (3)
or ak: o
6 = - Bzeof? = Zze? |¥(0) 2R (4)

where , = -e]W(OHZiS the charge density originating from the
S electrons in the atomic nucleus. ’

The atomic nuclei have different radii in the excited
and grdund states (R, ¥ Rg),and therefore gE will also have

different values in these states.
’ ~

€ e - 6o = 2ze? [v ()2 (B~ &) ’ (5)

The M8ssbauer atoms in the radiation source and in the
absorbent may have different chemical environments (types of
chemical bands, oxidation states, etc.), from which it

follows that ]Va(oﬂzf lvgoﬂz . Hence, the E, . values

|



’ -~ -
relating to emission and absorption a¥$4 differ. E  is the

isomer shift, symbolized by § :

6= £ (R, - RE) yéO)] O] (6)
Now, taking AR = R, - Rg » Rg - R = 2R.AR = 2R AR » where
R = (Ré+Rg)/2 , 6 can be writt2n as:

s = F2e?R%-R {1¥,(0;12 - 1v,(0) |7} (7)
Thus the isomer shift depends on a nuclear factor AR and an
'extranéﬁlear factor IW(OHZ . For a given nucleus, 54 R is a
constant, so that the isomer shift is directly proportional
to the S electron density at the nucleus. When AR is
positive (as for 1]98n), an increase in S electron density
at the absorber nucleus results in a more positive isomer
shift, when 4R is negative(as for 57Fe), an increase in S
electron density at the abgorber nucleus results in a more
negative isomer shift. The density of the S electrons at
the position of the nucleus can be estimated from the

Fermi-Segre equation-3z
- eff .
where 2 is the nuclear charge, Zoff is the effective nuclear

charge, taking into account the shielding effect of the
electrons, a, is the Bohr radius of the ground-state atom, n

is the real and Na s the effective principal quantum number,

and J9=n = aff is the guantum deficiency.

Another expresdion has been derived for isomer shift by

eliminating the approximations made above, using a multiple

expansion for the coulomb interaction between the electronic

-12 -



and nuclear'charges.(Shenoy and Wagner,478)

2.2(b). QUADRUPOKE SPLITTING

“;To derive the expression for isomer shift{ it was
assumed that the nucleus is a uniformly charged sphere. If
these conditions are relaxed, and if I>1/2, the nuclear
charge density interacts with the electric field gradient
which is caused by the charge distributed asymmetrically
around the atomic . nucleus(electrons, ions and dipoles).
This interaction results in a splitting of the nuclear

energy . levels. For example, for 57Fe and ]]gs

n, Ie=3/2 and

Ig-l/z, and the I=3/2 level split into two (mI =4+3/2 , +1/2)
-

while the I=1/2 levels remain degenerate (Fig.3a.). Both

the possible transitions are allowed, and a characteristic

two line spectrum is obtained'(Fig.3b.). The saqperation of
the peaks is the guadrupole splitting (d.S) and the centroid
of the two peaks relative to the source is the centre shift

(C.s).

Nuclei whose spin is 0 or 1/2 are spherically symmetric
and have a zero gquadrupole moment, thus the ground state @f
57Fe, with I=1/2, can not exhibit quadrupole splitlihg. The
field'gradient is obtaineé by applying the gradient operator
to the three components of the electric field, thch is
itself a vector. The field gradient is consequently a 3x3

tensor called electric field gradient' (EFG) tensor. This

tensor has nine components which- rise in the following way.

*

‘- 13 -
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The electric field at the Mossbauer nucleus is the negative

. : 1
gradient of "the potential,Vy :-

4

| E = -0 = -(Tv, + TV, + &Yy) (9)

where: '
, v
' V=3, v, - "’—}’-,v o - (10)

The EFG tensor is the gradient of the electric field:

) w
. Vex Vxy Vxz - .
EFG = 7E = - [Vyx Vyy Vyz e (1) '
: WVax Vay Vaz

«*

which can, however, be reduced to diagonal form in the
proper coordinate system so that it can be completely
N G 2 ' 2 2
specified by three components d V/dxz, dZV/dy ,\dZV/dZ (generally ‘

abbrev1ated yy'vzz)' These three components are not
@ '

independent, however, since they must obey the. Laplacg}

equatlon in a region wherée the charge density vanlshes-

\

4

Wkx Wy + %z (12)
As a result, there remain on ly two independent’ components, )

>

uéually chosen as Vzz , often denoted 'eq » and n, the

assymmetry ﬁérami;er, defined by: '
5 \ XX = v ' 9 9
n= XX =YY (13) , .
V . ) )
2z : . . ,
The components are usdally chosen so that

{v_.l2]v._|2v |, which constrains n to have values between
2z yy ' Uxx

0 and 1 .- ' ,

<

If we assume that the EFG is set up by point charges" s

Z{, the contribution of one p@&int chérge to egch’compohent

N @

P15 -
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of the EFG tensor is given by the expressions in table.l.

Table 1. Components of the EFG Tensor,

-3 2 2 -3 2
Vxx=Zer3 (3Sing Cos ¢ -I) Vyxy =Vyx=Zer (35in gSing¢ Cosy)
- 2 2 * - . ' h
Vyy=Zer3 (3Sing Sinh ¢ -1) sz=vzx=2er:3(35ine Cos@ Cosy)
- 2 " - .
V§z=Zer3 (3Cos.p -1) Vyz=sz=Zer3 (3sino CosO Sing)
o8

v

The interaction between the nuclear electric quadrupole
mement Q, and the electric ffeld gradient can be described

by the Hamiltonian:3
2

- _8 2 \ ‘ 2 2. {
H = graragy (BT - H(I#1) + 5 (I +10)] (18)

"This Hamiltonian has the eigenvalues:

2 g2 ‘
£q - 72_‘49_7“8 90— [an% - 1(1+)101 + ) Ve mpEnl T (15)
( ‘

The magnitude of the .quadrupole splitting ' is
proportional to the Z component of the ‘electric field

- gradient (EFG) tensor which interacts with the quadrupole
moment S of the nucleusg and is illustrated in Eﬁe above

expressidén for Hamiltonian.

For the I=3/2 case, using+«the expression for E

Q' ;he

quadrupole splitting can be expressed as:

1

> |
0-So= 172 eqq (1 + /2 (16)

- 16 -
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eq=V,, is the 2 component of the EFG.

Ideally, we would 1like to obtain three pieces of

information from a measurement of the guadrupole splitting:

the. magnitude of g andn, and the sign of the quadrupole

splitting. If the + 3/2 state is at high energy, the sign

of the quadrupole splitting 1is positive. For Mdssbauer

57 119

nuclei such as Fe and

Sn having spins 1/2 and 3/2 , a
two line spectrum is observed and the quadrupole splitting
is easily measured. But, Sy the nature of equation lﬁ, it is
obvious that both g and " can not be calculated from a
measurement of the quadrupole splitting. Also, the sign of
the gquadrupole splitting .can not be éftermined generally
from a powder spectrum since the +3/2 and +1/2 1lines are
very similar intensity and can not be distinguished. For

more -information about the techniques for measuring the 'sign

of Q.5 and estimating n ,see Bancroft.

-

The EFG tensor components were discussed just

considering point charge contributions. However if the

electronic configuration has a symmetry lower than cubic,
also contribute to EFG tensor. Usually it serves to amplify
the EFG due to the distant charges, a phenomenon which
carries the zfme Antishielding. With regard to this, it is
convenient to divide the field gradient into two

13

contributions: ]

q=0 - Glc)qlaftice +( - R)qvalence (17)

<



where N assumed to be zero, R and o are the Sternheimer

antishielding factors, ‘and Q.i+ice is the contribution

>

from external ligand charges, whereas q is the

valence
contribution from the valence electrons.

“2.2(c). MAGNETIC SPLITTING
r \ . )

The interaction of the magnetic moment of the nucleus

>

with local or applied magnetic fields at the nucleus,
.results in a degeneracy of the nuclear energy levels. The

) Hamiltonian of the interaction is:3

Hm=-§.ﬂ=-g;«n7.ﬁ (18)

Where g is the gyromagnetic factor and y, 1is the

nuclear magneton. The energy levels which are obtained are

Em= - FH m/I = -gFoH mp

my = ) 3 C3 IR S S (19)
For 57Fe, the g values of ground and excitedistates
have different signs, and the selection rules AI =1;AM=0, +]
give rise to a symmetric six-line spectrum (Fig.4b.). The

centre shift is given by the centre of gravity of :the six

peaks.

- -

&

The line widths of, the six peaks are in general equal,

but the intensities are very different.. The intensities are.

‘g\xven by: ~ 2 )
. 11=16=3(1+Cos 8) . u; (20.a)

18 -
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Fig.4., Magnetic splitting in 57fe. (a) Energy level

diagram; (b) The ,sresultant M8ssbauer spectrum.
]
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=1, = asin®e . (20.b)
5 * ) 2 )
I, =1, = 1+Cos 6 (20.¢)

Where 0 is the angle between the effective‘ H

direction gfkptopogation of the radiation.

v

@

and the

£




CHAPTER III

" EXPERIMENTAL TECHNIQUE

3.1. METHOD v

The radiation source is attached on a traﬁsducer driven
by a velocity drive(Fig.S). This motion applies a Doppler
velocity V to the source and shifts the energy of the
_gamma ray emitted from the source by a value AE ,such that
the nuclear transitions in source and absorber can be
accurately matched and resonance occurs. The absorber is
placed in between the source and the detector. The gamma
rays which are transmitted through the .absorber are
transformed into pulses proportional to their energies by a
detector and an amplification ;yste; which consists of a
pre-amplifier and a amplifier. fhe pulses which ﬁave been
produced by the 14.4 Kev gamma rays are selected by the
single channel analyzer and fed into the 512 Multi-Channel
analyzer (MCA).A time-base generator opens one channel after
the other with constant intervals of time, each channel
corresponds to a certain'velocity of the source. The cathod
ray oscilloscope displays the data stored by the memory unit
of MCA, and Microprocessor unit (6809) is used to store the
data and late® on transfer it to the—university main
computer  (CDC), whgr? it is anaiyzed. The transfer
procedure and the syétem of operation is descriggd later in
this chapter, thle description of the computer programme

and analysis is discussed in section(3.8).

- 21 -
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A block diagram of the experiment i§ shown 1in Fig.5.
and in the remaining of this-chapter each important unit in
the diagram is described seperately. ‘Theu calibration

. o
procedure is also included. *

3.2. SOURCE ” ‘ T £y

W,

The source used,?ﬁm , was ©Of about 40 millicurie

strength, with 'specific activity about 8.0x10° mci/mg
manufactured by NEN Co. A 40 mci portion of 57co was
electrodeposited onto a 6mm diameter area of a 12.5 mm

overall diameter Palladium foil of 0.025 mm thickness, and

" then it was sprayed with an. acrylic coating to retard

oxidation and to minimize contamination problems. The decay

séheﬁe of %7co is illustrated in Fig.?.
!

There are a number of criteria which are important in
choosing a host matrix. First, the source should give the
narrowest ¢ possible Lorentzian line to ensure the best

-2 ,
resolution. It is essential that each source atom is
present in precisely equivaient lattice position having

cubic symmetry. Second, the source should have as large an

f factor as possible so that ggpd absorption 1is obtained.

Third | the host matrix shoud not give rise to X-rays, and.

Compton scattering and photoelectric processes should be
minimized. The source lattice should have a high Debye
temperature. When Mdssbauer nucleus 1is introduced as an

impurity in the source lattice the -effective Debye

-23 _
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Fig.6. Décay Scheme of >7Co.

> Table 2. Isomer shift scale;relative to sodium nitro prusside at 300°K.

ﬁater1a1 1.S5(mm/sec)
NapFe (CN)gNo.H 0 -0,

Cr 0.106%0.009

“Stainless Steel © 0.17£0.02
x=-Iron \\\ . 0.260%0,002
Pd ' 0.437%0,002
Cu " 0.485%0.002
Pt ~ 0.609%0.006
‘ - 24 -
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: ) ‘ —
temperature is given Dby: ’

. e |
oeff eD [ mhost/mimp] : : (21)

™

where Mhost and "Hmp are the masses of the host and impurity

atoms respectively, and@. is the Debye temperature of the

D

‘lattice. ' ~. “

‘"Palladium source is one of the most suitable one, since

it satisfies all the above conditions.

.

. ’ o i
3.3 DRIVE SYSTEM ’ -

As 'mentioned in the p;;vious chapters, a Mossbauer
spectrum‘con;ists of a plot of the number of gamma ray
photons transmitted through an absorber as a function of the
instantaneous relative veldcity of the source with respect
to an ;bsorber.The M&ssbauer spectrometer is an apparatus
which imparts the velocity to the source (or absorber). It
also coordinates the counting rate at the detector'so~that

the spectrum channel number will be a function of the source

velocity.

o

v

The spectrpm;ter used is the model AM-1, manufactured
by Nuclear Science and engineering Corporation, It consists
of three parts:
i=- The Base Plate~ a solid alpmfnum plate on which the
transducer, the source and the absorber holder\are mounted.
ii-'The Transducer-~ a precision electromechanical unit whicp
provides a forward and retrograde motion to the source‘w%th

- 25 -
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’

.

constantiaccelerétibn. The ‘operating frequency range is
15-50 CPS -and the velocity range is 0-60 cm/sec.

iii- The Control Unit-~ a solid state electronic unit which
acceéts a square wave signal from the address register of a

“multi-channel analyzer.

In Fig. 7. the drive velocity wave form, the
corresponding channel advance, and an absorption spectrum

for a single line source and absorbef"are displayed.

«

3.4. DETECTOR

The detector used is a Si(Li) drift solid - state

detector, with an area of 50 mm?

and the beryllium oxide
window of 2504  thickness, manufactured by Simtec Ltd.

model K-036.

- 3.5. 'AMPLIFIGATION SYSTEM

t

The system is consists of a pre-~amplifier and a linear
amplifier models P-11 HR/CN and M-31 Aanufactured by Simtec
Ltd. .The pre-amplifier is a cooled N-channel FET optimized
for Simtec ultra high resolution silicon and getmanium

photon spectrometer elements with capacity less than 10

3
1N

picofarads. The detector and the FET pre-amplifier are kept .

at temperature. of ligquid nitrogen. This requires low
“preésure in the Cryostat, which is attained by a mechanical
diffusion pump and monitored by an ion appendage pump

control, The 14.4 Kev gamma rays are selé}ted by a

-26 =~
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”

Velocity

LI

Fig.7. (a) Drive velocity wave form.

-

(b) Corresponding channel advance.

(¢) An absorption spectrum,
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Hewlett:Packard 5583 Asingle channel analyzer.

3.6. MULTI CHANNEL ANALYZER (MCA)

4

s The MCA used is the series 2200 Nuelear Data system

analyzer, The Qersatility of this system is exemplified in

»

that analog to bigital Converter, ‘Master Control,
Reaa—In/Out Display, and system memory.

i-The analog  to Digital Converter (ADC)- 1is designed
'primarily for the processing of amplitude modulated signal
pulses such as encountered in pulse heiggx analysis. Data
acquisition efficiency is enhanceé by a 50 megahertz
digitizing rate.

ii- Master Control- it contains facilities for establishing
the primary operating modeé(data écquisition, display, read
-in and oui) and all the data handling functions of the
system.

iii- Read In/Out Display— it 1incorporates those features
necessgry for selectioﬁ of a particular type of read out or
control of the appropriate device. This unit is capable of
driving high speed digital printers and X-Y piotters.

iv- System Memory- it 1is divided ingo‘three modules: The
Memory Scalar Module- contains the memory address scalar ang
register which.allows the content of a single channel to be
transfered back into the idgntical channel location of the
memory. h
The Memory Drivers Module-consists of all the driving and

sensing circuits for the Memory Array Module which permits

-28 -
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proper handling of -the data being stored.

The Memory Array Module- is designed in a manner that allows
\ ‘

expansion up to a maximum size of 24-bit, 4096 channels.

. ¢ . ~—

N

.

~—

¥ .

The Serie-‘k‘OD System Analyzer can be constructed in

sizes of 512, 1024, 2048 and 4096ﬂchannel$. 512 channels

was used in our experiments.

3,7. CALIBRATION T
» 0 " o
A\

It is essential to have a ‘method of accurately

measuring the total: energy scan of the source radiation, and’

also to have a "standard reference. line position against

) Lt

especially .importanb; since the different sdurces used

o . ‘ N
which other positions may be quoted. The latter point is

(e.g,sn:o” in pd4,Cr,Cu) all- emit gamma rays of slightiy’“

different energy.,K . - |

The inner four lines'of the six <lines spectrum of a
natural  iron foil is wused for calibration. This is
juséified by the velocity ranges during the
experiment (4~->10mm/sec) . The assignment of the velocities
for the péﬁks obtained in our experiméntJ ensure the

elimination of any error in position and the parameters

derived, such as the isomer shift and quadrupole splitting.

The centroid of the two line Sodium Nitroprusside (SNP)
spectrum is now widely used as a réference velocity in

-29 -
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" isomer shift scale. Table.2.. shows 2thg 'isomer shift of
' aifferent - source materials rélativé. to -(SNP). "(aiso,see
“App{D) All,isomef shift values reported . in this work are

relative to (SNP). Figures 8 and 9 show the 'iron_spectra

i ¥

obtained at 10 and 4 mm/sec respectively. ' L

In order to obtain the spectra of Pe  in GASH in me/seé
velocity range, the spectrometer was calibrated~by/adjgsting “4
the velocity drive control. Thi's was done by using the knowﬁ '
positions (chanhgl numbers) of the peaks corresponding to, 4-peak
resolution of an iron foil. The velocityfincréament pe; channel

was calculated to be 0.0186 mm/sec.

3.8. DATA TRANSFER ' “

Transfer of data from the memory unit of the Multi
channel analyzer to the university main computer ((.‘:DC), wag'
carried out through the Microcomputer  6809. The 6809 1is
linked to the MCA, Teletype and CXBER by an MP-LA parallel
interface board and two MP-S serial interface  Dboard
respectively (Fig.5 ). The commands that drive the system
are given through the teletype. The data are read to the
memory of the 6809 from the MCA by the programme MCA RGAD
(Appendix B), and then are transfered to the CYBER by the

programme 6809 READ (Appendix B), where from they can be used for

analysis.
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CHAPTER IV

ANALYSIS OF SPECTRA

4.1. COMPUTATIONAL METHOD

The line shape of a" peak in M@ssbauer spectra is
essentially an ideal Lorentzian. In order to obtain the
most precise estimates of peak parameters, it is essential
to compute ;he spectra. If 256 channel multi-channel
analyze?l is wused, the observed spectrum consists of 256

numbers defining an énvelope. The problem thus consists of

' finding the positions, widths and intensities of a number of

Lorentzian lines which, when superimposed, give the best fit

.to the observed envelope. The line shape, I(v), of the

nvelope for a Lorentzian line is given by.| »3,17

Iv) = b - 1(o)/[1 + (5 V 0) 424 (22)
where [(g) is the intensity at the resonance velocity v(0) «
I is the .width at half height, and p is the baseline

intensity. For n lines, the above equation becomes:
L] .

I(v) = b - 1(0) ) (23)
- &= 1+[(v-v(0)4/(r/2)]

For an n line spectrum, I(v) is a function of 3n+2

parameters, position, width, and intensity of each line,

,ﬁius the paseline and the slope of the baseline. . The best

fit ideally should correspond to the minimum weighted sum of ‘
squares ‘qu, as given by-] 3,17

e X 2 wr[ - I(Vr/ch)] - (24)

where I. is the observed count at channel r'I(Vr/q) is the

#
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transhission function, a4 denotes thé 3n+2 parameters, and
Wy is the inverse of the variance for channel r. Initial
estimates are chosen for the 3n+2 parameters Q5 and using
d %2/dai = 0 4 > (25)

for each qj , corrections \are determined for each q4 such
that Xz is ﬁinimized: Thi§ constitutes one iteration. The
procedure is then repeated using the corrected estimates
from the previous iteration, until the value of ﬁ? obtained

Asl

reaches a minimum. -

In our experiment this fitting is carried through the
programme M3ssbauer (Appendix A). Mdssbauer consists of a
main block and ‘several subroutinés. The main block reads in
the data, applies corrections to it and prints the results.
Subroutine FUNC calculates the function derivatives,
Subroutine CURFIT carries the least sqguare fitting,
subroutine MATINEV is for matrix inversion and accompanying
solution of linear equations, subrout@ne JACOBI 1is for
matrix diagonalization  throughy successive rotations,
subroutine EXAM appliés corrections to the eigenvalues - if
any 1is zero or negative otherwise the fitting will diverge,

while subroutine PLOTB plots the raw and calculated spectra.//

4.2. LINE WIDTH, SHAPE, AREA

~

According* to the Heisenberg uncertainty principle
( AE).( at) 2 % , no measurement or observation of the two

conjugate variables can be made simultaneausly with higher

o

-3 .
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accuraci than stated in the above formula. It can also be
expressea for momentum and - position or other conjugate
variables, 4 indicates the uncertainties in the properties

(E and t).

Applying this principle to MUssbauer transitions, we
that in a recoil-free transition from an excited

state to the ground state no energy is lost to the .

system, and the gamma-ray carries the total energy of this
transition. The excited state has a mean lifetime ¢ or half
lifetime. %1/2 =7TIn2 . The ground state is stable, or has a
long lifetime, and 1its energy 1level 1is well defined.
Therefore, the uncertainty relation for this case is given

from resonance theory as:

1"=AE=‘hh— =M93_h_

Y2

where T is called the natural liné width of the source

(26)

emission or the absorption line. The line width is defined
as the full width at half maximum.The first excjted state of
57Fe (l4.4 Kev) has a value of t

natural line width is r= 5x10°7 ev.

= 167
172 10 sec. Thus, the

In the experiment, the line broadened by several
effects, one of which is so called Thickness Broadening.

The experimental full width at half height can be expressed

as:!

Tex = L+ G+ 0.27 TX (27)

where: T,* L is the width of Tgy extrapolated to X=0.

® - 35 -
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ris the natural line width and X =nfac . where: n is

the number of atoms of the MGssbauer isotope per cm? , fa is

the recoil free fraction of the absorber and- is the

maximum cross section at resonance, given by:]’3J7

2
a= 2w\ (ZIeH)I[(ZIgH)( +1)] (28)
For iron this is 2.569x10°'8 crt . Ie and Ig are the nuclear
spins of the excited and ground state respectively, and

=2 1X is the wavelength of the gamma-ray. @t is the ®tal

internal conversion coefficient and takes into account the

57

competing mode’of the transition.. For Fe, ®t is in the

order of 10.

Resonance absorption shows a characteristic energy

dependence of the fonng’3J7

1(E)= rex/a\p/(s-et)z + (172 16))] (29)

where Et is the nuclear transition energy. For 57 Fe, this

~\
equals 14.4 Kev. This distribution is said to show a

Breit-Wigner, or Lorentzian shape,

The area A under a peak for a "thin®" Lorentzian one
line absorber and a single-line source of arbitrary width

1

may be expressed as:
A= 1/2nf,f al gy G(X)n (30)
where fs is the recoil free frgction of the source and G(X)
approaches one as X approaches zero, i.e. asggfac'--->0.
As X increases, G(X) decreases. The ratio of the4number of

iron atoms in two different sites can be determined from the

s
- 36 -



.ratio of areas i.e.

3

n east-squares curve fitting' is ‘given in Append1x A.

-

| Bo/M & M2/M iThe use

is. discussed in detail in chap‘vbér, 5.

)

Computer progranme, as developed by Dr. 5. K. Misra, for the
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CHAPTER V

—— e w———

MOSSBAUER ' SPECTROSCOPY 1IN

GECLOGY AND MINERALOGY

5.1. INTRODUCTION

The mineralogical and geochemical application of
Mdssbauer spectroscbpy have developed rapidly over the last
decade.A large number of investigations were subseguently
carried out with a considarable divergencg of 1interests to
collect data of geological significance. 1In view of tﬁé‘
great importance of iron in the earth's crust and the
widespread occurrence of this element in rock-forming

minerals,earth scientists .naturally focussed their attention

on application of 57Fe resonance.
H
.

Typical applicationé of M3ssbauer spectroscopy to
mineralogy and- geology‘ have been the analysis of the
oxidation state of iron at iron sites in minerais.In certain
crystal structures,e.g.chgin silicates, lattice positions
may be occupied by ferric and ferrous iron in various
proportiﬁns.The assignment of distinct hyperfine patterns in
a Mossbauer spectkuﬁ to non-equivalent lﬁttice positions has

allowed site preference of Fez+

or F§+ ions in minerals to be
determined. The assignment may be deduced from the observed
isomer shifts,and quadrupole splittings. Figures 10a and b
show Fe centre shifts and gquadrupole splitting plotted

versus coordination number for "ioniclfjhigh spin and low
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spin‘ compounds and minerals.

)
2 v

The study‘of area ratios of distinct hyperfine patterns
has led to thermodynaﬁical analysis of order-disbrder
phenomena in iminerals.Chemical analyses togethér with
éptieal and density measurments may suggest oFdering,but
éitg populations can not be estimated.If a mineral containes
" two different types of iron atoms A“End B which give rise to
6on overlapping Mdssbauer spectra’,the area ratio for a thin
absorber can be expressed asg 2

Ax/Ag =C Np/Ng ' o} (31)

Where the constant C is given by:

C= [ RG()faJ/[ 15G(Xg)Fs] (32)
A,and Agjare the areas of lines A and B respectively and
are the numbers of iron atoms at sites A and B respectively.
In equation 32, T is the 1line width,G(x) represents
saturation correction given by’equation 30 Qhere for very
thin absérbers G (X) gpproaches unity. ﬂland fbare‘the recoil
free fractigns for A and B.

The areas can be determineq directly from the
spectra.The usual error associated with measuring
areas;background, is ﬁinimized in the area ratio,since the
background corrections for the two iron atoms are similar.If

C can be determined or estimated,the ratio of iron atoms in

the two different sites can be determined.Unfortunately,for

most silicates it is difficult to obtain an accurate.

e
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estimate of C.For most silicates,C is assumed to be l]

The widths of most mineral peaks have been found to be

closely equal if the same source is used.

In the remainder of this chapter some of the
mineralogical and geochemical properties of pyroxenes and

b,
)

garnets are presented.

5.2. PYROXENES '3

Pyroxenes are the most important group of rock-forming
ferromagnesian silicates,and occur as stable phases in
almost every type of igneous rock.They are found also in’
many rocks of widely different composit&ons formed‘ under’

conditions of both regional and thermal metamorphism.

The pyraxenes include varigties which have orthorhombic
symmetry (orthopyroxene) , and monoclinic sym;etry
(clinopyroxene). The orthopyroxenes consist essentially of
a simple chemical series of (Mg,Fe)Si O3 minerals,in contrast

.with the larger sub-group of monoclinic pyroxenes which have
a very wide range of chemical compositions.The compositions

of the pyroxene minerals are given in Table.3.
) »

e
1

The majority of pyroxenes which are present‘in both

igneous and metamorphic rocks can be considered,as a first

approximation,to be members of the four component system
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Table 3. Compositions of the Pyroxené minerals.
Monoclinic Pyroxenes:

2+

Diopside—Hedenbergite | Ca(Mg,Fe )SJ.2 6

Augite -, X (Ca Mg,Fethe3+T1 Al)2(51 Al) ,0

. Aegirine ' ' NaFe3+(SJ.20 ) '\,

| Aegirine=Augite .. (Na,Ca)(Fe3fFe ,Mg,Al)(SiZQG)
Johannsenite CaMnsi, O, .

.§podumene \ LiAlSi,0¢

Jadeite y | Na:l\.lSizo6 2’

Pigeonite - ' . (Mg,Fez*”a)(Mg,Fe )(81206)
Omphacite - (Ca,Na) (Mg,Fe?tFe T al) (si 06)
Fassite ‘ " catug,Fe¥tredlal) (si, A1) 0,

‘Orthorhombic Pyroxenes:

.2+
Enstatite-Orthoferrosilite UMEZFé,}iSLQOG

i

(Diopside)CaMgSi,0 CaFeSi,0g(Hedenbergite)
| 206 , 206

«“

Mgzsizos Fez‘S’iZOG
(Enstatite) | . ' . . (Ferrosilite)

Fig.11. Composition of important pyroxenes in the system
Diopside-Hedenbergite-Enstatite-Ferrosilite.
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CaMgSJ'2 06-CaFeSi Q.- Mg

2%~ M5

O_- Fe Si. , (Fig.1ll).
2% eé 1206 (F{g 1)

13 : ’ .
The general chemical formula for pyroxenes proposed by

Berman (1937) and later slightly modified by Hess (1949) can
be ekéressed as (W)] p(x,YH 0 22(36 , where W=Ca,Na, X=Mg,

. (4
Fethn,Ni,Li, Y=Al,Fe3+,Cr,Ti, and #Si,Al. The ‘value of P

s
4 orthopyroxene series P=1 and the content of ¥ ions is small.

"' The wide range of replacements in the (X,Y¥) group commonly
involving substitution of ions of different charge
necessitates compensatory replacements in either the Wor 2

groups and the replacements must be such that the sum of the

charges in the W,X,Y and Z group is 12. ’
/,
&4 - . 'l 3
STRUCTURE LI .

<
.

-

.The essential feaﬁuge of all pyroiene structures is the

1
e linkage of SiCh tetrahedra by sharing two out of four

.corners to form continuous chains of compositions (SiO 3%
L + ‘
(Fig.1l2). The chains are linked lateralkly by cations (Ca

2+
Na ,Mg ,Fe ,etc.),but may have various dispositions

// ‘relative to-one another.

\ . "su .
There are two crystallographically' .distinct cation

- positions labelled M; and M, (Fig.13.).The cations in the

smaller M]positions are coordinated to six oxygen atoms in a

nearly regular octahedron,while the cations in the larger M2

~ ¢

. - 43 _ «

varies from zero to 1 for monoclinic pyroxenes. In the

positions are coordinated to a varying numBer of oxygens in

aalliow
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2 o Sihcun O Oxveen ) .
Fig.12, Idealized i1lustration of a single pyroxene chain.
- (a) Projected on (100); (b) R16ng the Z direction;
“(cf A]on§ theAY direction; (d) In perspeciive13

‘ ~ B Y
2 . l

<% 9A

M, O()wgm
@ Sion
QO Culetnm
Q Maynesmton

L

:'Fig.13.lIdea1ized‘structure of diopside; viewed along

the I direction. The numbers indicate the relative

ppsition af each _atom.13



a very'distorted environment. For example ,the co¢rdination
number for the Mlposition varies frém six to seven to eight
in hypersthene, pigeonite‘ and diopside respectively. In
diopside structure (Fig.1l3.) the Mg ions are in octahedral
coordination by oxygens which themselves are linked to only
one silicon, while the larger Ca ions are surrounded by
eight oxygens, two of which are shari@’ by neighbouring
tetrahedra in the chains. |

. Pyroxenes in the field CaMgS%(DS—CaFesa OG-MgSiOB—FeSiO
(Fig.1ll) can be divided into two structural groups. One |is
near CaMgSiZOG- CaFeSizo (these exist only in the monoclinic
form,have the space group C2/c and are strucfurally similar
to diopside. The other group lies near MgSiC%-FeSiO3 join
and have the monoclinic and orthorhombic forms,depending on

the temperature and the percentage of FeSiO3 content.

13 j

Pyroxenes with compositions outside the field diopside
- hedenbergite '~ ferrosilite - enstatite all have a
clinopyroxene structure. Before tHe structure of diopside

had been determined by Warren and Bragg, (1928), Wyckoff et
al.kl925) had shown that X-ray powder patterns of aegirine,
jadeite, diopside, hedenbergite and aﬁgite were all similar.
Sing;e ~ crystal investigations by Warren and Biscoe (1931)

confirmed this result for these minerals.

-—45-



5.3. GARNETS '’ .

The garnets are a widespread group of mirerals lthét
occur in a variety of geological environments. Tﬁey are
found in igneous rocks, as detrial grains in clastic
sedimentary rocks, and most commonly in the metamorphic
environment, in both regiénaly and in contact metamorphosed
areas. They are aléo widespread 1in the metasomatic
environment, particularly where calcium-rich‘'alkaline fluids
are involved. Garnets exhibit a wide range of chemical
compositions but similar structural properties. Because of
the interest of the electronics and communication industries
to the hagnetic and electrical propertieé of some natural
and synthetic garnets, they have been extensively studied as

N

a group,in recent years. The compositions of the most

common garnet minerals are given in Table. 4.

The garnets are all transparent, dense (S5.G. 3.8—4.5),
refractory minerals, characterized by cubic symmetry (space
group Iaid, a=11l.5-12.5 A°), high refractive index
(n=1.7-1.94), and isotropism. Some\ display anomalous
anisotropy. -~ Hardness ranges from 6.5 to 7.5 . Garnets

display all colours of the visible spectrum except blue.

They do not posses cleavage.

The general formula of garnets can be exp;essed as %3Y2
(Si04)3,in which X is usually a divalent cation,and includes
Caz*',Mgz*',Fez*;ManY 3.+Y is usually trivalent, and includes A13+

3+
,Cr3fFe3T,Mn3+,Ti3"; TiM;V and Zro'f

_46—
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Table 4. Compdsitions of thé most common garnet minerals.

Y =

-

Pyrope ' Mg AL, (Si04) 4
“@imandine FejAly (5104) 4
Spessartite Mn3Al?(SiO4)3 ‘
Grossularite ' Ca3A12(SiO4);
Uvarovite | Ca3Cr,(Si0y) 3
Andradite CajFe,(510y4) 5
'Goldmanite .| casv, (8104) 5

‘Rare- | Yamatoite’ Mn3V, (S104) 3

Earth | Kimzeyite Caj3Zr, (Al,81)04,

Group‘:Fefrikimzeyite Ca32ry(FepSi)012
Ytgrogarne% : Y3Al, (Al) 30;5 -
Calderite Mn3Fe; (5i04) 3
Hydrogarnet Ca, x2(5104)3-x(6a)4x

-



Fig.14. A portion of the garnet structure with cation

and oxygen atoms labeled as:

~a : Y (trivalent cation) Octahedral site
c:: X (divalent cation) Dodecahedral site

d : St ‘ Tetrahedral site

-
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STRUCTURE7

‘r

" The struétg:e of garnets consist of three-dimensional
link-up of chains of alternating octahedra and ;étrahedra.
.Included in this'array are eight-fold dodecaéfdral sites
(Flg.l4 ). In this structure , X(divalent cétion) enters
the dodecahedral site, Y (trivalent cation) enters the
Oﬁtahedral site, whereas Si enters the ietraﬁedral site.

-«

i
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CHAPTER VI

THE SULLIPEK SKARNS

6.1. INTRODUCTION

The samples investigated are skarns from the Sullipek

deposit (copper- molybdenum) , located in Lesseps county,

Gaspe, Quebec and were collected and made available t0O the e aasmuy

writer by Mr. Robert Wares of Mc Gill  university. . The

following description of Sullipek skarns and their

7
geological setting are also taken from Wares.

6.2. GEOLOGICAL SETTING ?@)

The skarns occur in »the upper-Silurian to' lower
Devonian West Point, formation located in the
Conneticut Valley Synclinorium in the Appalachian foldbelt.
The sequence containing the West Point formation starts yith
a quartz arenite (Val-Brillant) which is overlain by dominently
carbonate formations (Sayabec, Gascons, West Point) of
shallowrg§te: origin, deaosited in an area Qf active block
faultin&&g? The overlying siltstones of the Indian Point

1

formatioéﬁ;ndicates deposition in deeper water.

{The%est Point formation consists of reefil limestones
y

[
and limeW%tone conglomerate. Fragments in the conglomerate

fi

are 2.5 hto 50 Cm ~across and contain stromatoporoids,
echinoder&s and corals. In the conglomerates are interbeds

of black and grey micrite and calcareous siltstone. It
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appears that the reefs grew on the tops of the horsts while
the adjacent garbens were periodically filled w&th
conglome;ate resulting from mass-flow off the reef front.
The West Point formation can therefore vary substantially in

thickness.

The Sullipek deposit 1lies on the north limb of the

Lesseps syncline, a major regional fold of Acadian origin.
Its axis 1lies approximately (520 m) to the south of the
deposit and trends 245°.

Thg region as a whole is intruded by Devonian plutons
and related dykes and sills of dominantly silicic
composition. In the Sullipek area five distinct episodes
with characteristic, but locally variable, intrusive rocks
have been recognized. The sequence Sf emplacement oé these
intrusions is as follows: diabase porphyry, quartz,
monzonite porphyry, dacite porphyry, granodiorite ‘and
rhyolite porphyry. Fluids associated with the dacite
porphyry weré wholly respénsible for the formation of skarns
in the West Point formation. The skarns are zoned with
garnet/clinopyroxene near the intrusion and magnetite
adjacent to the limestone. The bulk of the skarns consists
of a coarse grained garnet- clinoﬁyroxene— magnetite-
calcite assemblage. This assemblage constitute high grade
skarn, having formed at temperature of approximately 500 c®

rand it has been subdivided into SK1 and SK2 types: SK1l

-5 -
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consists of the magnetite-rich skarn and commonly. consists
of a magnetite- clinopyroxene assemblage. SK2 consists of a
calc-silicate assemblage, na;ely andradite | garnet-
clinopyroxene (hedenbergite)- calcite and subordinate

magnetite, actinolite and chlorite. All the éamples

investigated in this work are SK2 type.

In addition to the mineralization and skarn formation
in the calcareoﬁs rocks of the West Point formation, the
other sedimentary rocks_ in the immidiate vicinity of the
Sullipek deposit are affected by thermal metamorphism. The
effects include rec:ystalliéation of pure limestone t6 form
marblé and séndstone to form quartzite and the development
of hornfelsifrom calcareous siltstone. |

Figure 16, shows the horizontal section at the adit
level. The location of each sample used~ in the present
investigat%on is specified by circled numbers on the section
‘and is given in table 5. The T series (r16,T24,T45,750,T62)
were collected from the tailings. Detailed informations of

the samples are givén ig Appendix C.

.- 8 -
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Table 5. The Tocation of the samples. Numbers in the parenthesis

indicate the vertical position (feet) withrespect toadit level.

—

Circled No. ' ;ie1d No. Distance o
1 “ V $42 - 520 , (-137)
o 2 {\\;\bi42 - 534 (-175)
3 " oSH - 14 (o)
¥ s26 - 858, L (-139)
5 524 - 793 . (-378)
s " p3T - 455 _ (+ 8) | .
) 7 538 _ 251 | . (v131)  —
.8 r‘ . s108-200 \ (+372)
L ?~ o | P72 - 254, | (+334)
) o
The sampies T16,Té4{j45,T56, and T62were collected
from thé tai1f€gs.- o : '
\ ) '
:
. N |
v. ] ‘Q
,TJ ' B ‘
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. . CHAPTER VII
' . SAMPLES AND ABSORBERS PREPARATION
_—y ' ) . . o ‘ |
The samples consists, ﬁéinly of a calcic-silicate
w I assemblage, n%mely garnet—clinopyfoXene—calciEé—magnetite.

" The garnets and pyroxenes are mostly anaradite(Ca3F925i3q2)'

and hedenbergite Ca(Mg,Fe"Si O_, respectively, and were
» Y% , :

diopside and grossular; ‘the maid.(constituent of the
. ] calcic-siljicate zone formed hedenbergite " and ' andradite as

follows:

t

‘CaMgSi2 06 (diopsidé)ﬂ?e ———> Ca(Mg,Fe2+)SiZOG(hemdenbergi‘te) -

v

. e 3+ . :
Ca3A12513 qz(grassular)we > Ca3 (Fe (Al)‘ SJB O]éandradl\:e)

™Y

* 7.1. .ABSORBERS PREPARATION . -
. . A~
i A careful study of the rocks was done both in hand

. specimen and thin section,in order to help identifying the

Y

ﬁiperals ,présent and thgir proportions. (Descriptions are
| given in Appendix C). Eaéh sample was crushed to 'a {.coarse
;réin for future seperation of‘inaividual'minerals. he
.garnets were easily éepqzated from the pyroxenesvsinée they

4

are porphyroblastic in texture (grain:sizes = 2 to, 5mm in

-

diameter). The pyroxene is invariably' intergrown with
L4 r i N . ", .

garnet and ounqmin problem was to freeé the éyroxeﬁeﬁ

.. , .

- '
.
¥y
L] \' ‘ v

formed’ by iron metasomatism. Introduction of iron .to-




» Y

Table 6. Alphabetical lables of the samples. ¢

‘ 524-7%3 LK sH
B 524-558 | r o osie200 ;
C . S42-520 J© -T-16
D s42-53 ok T °
E . P31-455 L T-45,
P opr2-25 T M T80 r

G $38-251 N o T-62

Effort was done “to seperate the pyroxene grains from

‘the garnet by employing the methods such. as magnetic and

density seperation techniques. Neither of .these methods

were successful because 6f the . close magnetic

susceptibilitiés and densities of- garnet and pyroxene, and
Q’ -

the small size of'the grains of pyroxenas  Thereafter,each

. , L
sample was seperated 'in two, portions, one consisting of

garnet, and the other a mixture of garnet and pyroxene

An assessment of the use of a’mixture of garnet ~and

pyroxene igs . given in chapter 8. The grains were then
- -
powdered and freea from magnetite by use a wedk hand magnet

and then freed from pyrite by usindrthe magnetic seperatdr

(pyrite showed a weak presence in ‘some of the samples).Each

powder was examined under a . polarizing microscope.The

.

. . {
garnets’ showed the purity of 95 to 99 percent.In order to

specify the percentage of pyroxene and garnet 1in the
mixture,some portions were randomly chosen énq counted under
the polarizing microscope. The.results are given in table.?

kchaptef VIII) along with the other parameters obtained from .
. - .

y

o . ’ : %,

ﬂﬂ ‘

- 5 -

o
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B 1

the spectra. Absorbers were then made by - enclosing about

(§ 120 (+3)mg of powder) between two thin circular plastic disk

of 2.2cm diameter. The thickness of absorbers was about

Al

. . : . \
, 0.2mnm. :
) “ ! ’
p Por the sake of sunpllcxty, the samples are spec1f1ed
,\ * *
, by alphabetlcal letters as given in table 6. ) T
>
° \
1) -
) = o
8 . . s
‘ T . :
] ) " e ' =
\ B -
. . j
- ') n o
» . B
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‘4 . t a
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CHAPTER VIII

RESULTS AND "INTERPRETATION

The spectra of the absorbers obtained in 4 mm/seé
velocity range are shown in figures 17 to 44 . -As mentioned
earlier,’the garnets are mainly andradite with the chemical
fo<mula Ca3 Fé25i3o]éindicating the existence of iron at Fe
stéte. The spectra of the garnets except those of sgﬁples E
and F in which FéH peaks are present confirm this, and show
the peak positiéns and the parameters which correspond to
Fé%.in octahedral position. These spctra also indicate to a
good degree the purity of their structure with no detectable

2+ &
Fe . Samples E and F, in which some portion of Ca are

. 24 -
probably replaced by Fe in their structure, are not
considered in our investigation of the antipathetic

2+
relation, because the Fe peaks strongly overlap with the

. 24
peaks tesulting from the Fe in hedenbergite.

. The spectra of mixed (garnet and pyroxene) absorbers

show well—def%ned, non-overlapping peaks from F3+ (22')‘ and
Féy(ll'). The'Fe3+(22') peaks are similar in all respects to
those obtained from andradite absorbers and are therefore
assigned to Fe3+in andradite of the mixed absorbers. In view

- .
of the fact that andradite absorbers used in this work did

\
- 2+ ’ 2+
not yield detectable Fe peaks, the peaks ﬁﬁé ) in the mixed
- T & '
/ spectra were assigned entirely to Fe in the pyroxene

{hedenbergite). ot
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Table 7. Calculated parameters af the samp

'
1

-

les (ga

rriet/pyroxene, garmet)

from Sullipek’ deposit Gaspe, Quebec. Included-are the initial
‘percentage’’ of pyroxene and garpet in the mj.xed absorbers.

RO W "y

£
Samp.  Ma. x’ Q31 0.M32) LMY I,822°) TV 12,20 FE/Pes Féd/res ryﬂf"'gr.
Mx. 20 .97 58 T .63 T 12,8 o.6 6 % . .
‘r, Ger, 237 57 e .68 — ;30 — - 100
. M. 2 1.9 .56 LW, LN .26 .36 a . omn %) 1
Ger. 265 .57, o C.6 - A, e, e 166
K Mi. Z70 1.9 S5 e LM N 2 732 2 ] 8 2
Car. 22 .36 . — .68 —_— 28 - — 160 >
o M FTERN ) .35 1.3% TS 2 18 2 ) 8
Gar, 285 .56 - .o — .3¢ — — 166
': Mz, 20 2.6 .51 L3, .60 .2 EY) 0 I 0 ©
Ger.. 20 2.0 .56 Lol .. S .29 1 *) "
; ma. 265 2.C 57 1.3 ) " .3 % L ] 15 -
Gar. 298 2.t .58 1.8 N .58 . a8 n
. n':. m Lo .57 1.8 .63 . 37 jq.o " 0 0
: Gar. 242 .55 —_— Y _— .7 — —_ 106
Ma. 24 1.9 .56 1.33 83 .2 29, 8. ® ™ P>
" e m ® - .63 - I R - 0
. Mx. 25 1.9 .55 1.3 .65 .39 3 12 I & ] -
Cor. 285 .56 — 6 — .36 — — 1%
, Mi. B3 1.9 .54 IS .63 .32 .31 2 &0 » s
Car. 27 .86 — .83 — 29 -— 100
Mix. 312 .98 .56 % .64 3 .30 56 5 '} Fel
X Gr. M) .54 _— & —_— .29 ~— —_— 100
Joome. m .85 1.% .8 32 9 s n, a
Gor. .5 - .60 _/" . —_— — b0
, M .8 .55 1.36 u! .33 .30 ' 18 >} a3 57
Cor. N ° % -— 3 — BT — e 100
. Wax. N3 LR T EEE .64 .30 .32 ™ 5} 10 X i
Gor. 29 g — N - ..31 — — © 100 -
- * 7
a8
. [ \ . :
i "
//k / e -
; / . '
/ -88 - ‘ )
’, : { i
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/ ;
‘ v + 3+ o
- ‘Iab1e 8. Numer1ca1 designations of iron content (Fe™  and Fe" ), in the mixed
$pectra. ‘
1 11 [1(Fe?*) . '.Ivgre’,") o
Samp Al1/8.G A22/B.G (AH/B _‘)((SO%/Init.%) (A22/B.G)(50%/Init.%)
A .41(2) 2.89(1) 34(2) 3.61(3)
.................. Mmeememamsemecmeseseeeesseemeess-mem-eqeses—eseme-eo-o———=
P .
8 .69(1) 1.6-3(1) 40(2) - 5.63(3)
- C .75(2) 2.48(2) .48(1) 5.64(2)
D, .68(2) 2.63(1) 45(3) 5.26((,.},) '
6 18(2)  1.88(2) ~31(3) 4.71(4) .
H .16(2) 1. 80(2) . .10(5), 3.57(2)
I .41(3) 2.91(3) 32(2) 4.16(1) .
J 4701 303 ¢ ,o528) 2.74(3) .
T R S s T T T acmE e eET eSS e ""‘,?"‘:"3‘ “““
K 1.10(2) 1.10(1) 73(2) (202-):)'_
L8 ) .61(1) A.8702)
T N S e e e e N R e e R e e S s secs S sresac . _-';"-r-*“""--“- ==
M .70(2) 3. 03(2) . .80(1) 2.63(]) -
---------------- \--'"'-------------"---“’-----------------------:(-’:.?"‘- "TI-:-J )
N .88(3) .76(3) 63(3 1.2g82y . '
T L. ... N AL AR
“wroL. A
All' is the area under the doublet 11° o
. A22' is the area under the doublet 22° "
B.G = background o
o [
G P4
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M

. ;rhe problem of‘obtainingu pure seperates pyroxene was
discussed in chapter 7. However, because the Spectra of
gainet-pyroxene mixtures are resolvabie i;:o seperaté F
peaks arising from 'the two minerals, the use of pure
pyroxene absorbers was not considered essential in this

study. . )

Numerical dg;ignation of the Fe contents of the two
mineral; were obtained from the areas under the peaks 22'
for Féy-and 11' for F£+ in the mixed spectra. Table 7 shows
the various parameters of the spectra of all absorbers
analysed together with their re’t /Fe and Fe 3/Fe percentages

and their percentage contents of garnet and pyroxene as

determined by grain counting under the microscope.

The numerical designations of Fe contents shown in
table 7, can not in themselves be used to test the proposed
antipathetic relation. They havg to be normalized:

- To minimise the effects ©f variable background levels
upon which the various spectral peaks-are superimposed and

ii- To minimise the effects Aintroduced by wvariable
proportions of garnet and pyroxenes in the mixed absorbers.
The firsf - normalization was achieved by using ratios of
areas under spectral peaks to background level, as numerical
designations of Fe contents, and by recalculating the

background- normalized numerical designations on the basis

that garnet and pyroxene in the mixed absorbers were present

09]-

——

*a

(e



-

LTS

- given in Table 8.

-

in equal amounts.‘ The normalized yqlues thus obtained are

3

Considering that all the determinable Fe in garrdet is

3+

in the form of Fe” and all that determinable Fe in pyroxene

is in the form of Fe?t

contents inrgarnet (column IV of table 8) versus numerical
designations of Fe contents in pyroxene (column III of table
é) are shown in Figure 45. The line which has been drawn by
least square fitting. shows the trend defined by the data.
This trend is owarsly consistent with antipathetic

relation in the Fe contents between the two minerals.

Although a negative correlation of Fe contents of the
two minerals 'is indicated by the data they do show a
considerable degree of scatter. This may reflect the

cumulative effect of the variability of the oxidation state

4

of Fe in the skarn forming solutions which arrived at a

particular sampling site. The scatter: also may be, to some
ex;ent, an artifact produceq by errors introduced in
arriving at the numerical designations of Fe contents. The
principal sources of error are as follows:

1- Sensitivity of the M®ssbauer method Ss a technique for
the determination of Fe in minerals.

2- Sampling errors in the field as well as in the laboratory
(preparation of absorbers)

3- Errors in the grdin counting technjque’ in, yielding the

- 92 .-

+ plots of numerical designationsof Fe

@ r e ———



™
'‘proportions of the two minerals %p the mixed -absorbers.

el [

4- Différences in the size of the grains.

]

5- Errors §§1ca1culating of areas under spectral peaks.
1N
éi Presence of Fe‘bgbring impurities in the samples.
. 2'+
7- Presence of minor (below resolvable 1limits) of Fe in

>

2

garnet , and Fe in pyroxene.

8.1. COLOUR DEPENDENCE TO THE IRON CONTENT

\

The existence ;f antipathetic relation between garnet
and pyroxene in terms of iron.content was suggested by Wares
and wiliams—Jones?4 ‘The idea was based on colour variation
of the pyroxgnes and garnets with respect to each other,

such that the lighter the garnet ,darker the pyroxene, and

vice versa. Darker colour correspond to the samples with

more iron content, and lighter colour to the samples with

less iron content. In this section we investigate the
dependence of the <colour to the iron content and its

correlation to the antipathetic relation.

In order to specify the colour of each sample, the
rock colour chart by Geological Society of America was
used. This chart is designed primarily for field use,but
nevertheless it indicates the range of rock colours for all

purposes. The form and arrangement of the chart are based

"on the Munsell system.This system is based on a colour solid
. v d

or apptouim;tely a colour sphere,which has a neutral gray

~

axis grading £from white at the top to black at the bottem

~

-93 -



(Fig.46). This property 1is called "value". Around the
circumference or equater of the solid are the 10 major hues
" shown in Fig. 48, each of which is diviétd into 10 numbered
divisions,so that 5 marks the middle of a hue and 10 marks
the boundry between one hue and the next, Thus any
particular hue can be designated by a ndhbef and a letter
. such as 5R or 10YR. Any single vertical section thrdugh the
neutral gray axis and a particular hue constitutes a colour
chart on which the colour grade in value from light at the
"top to the dark at the bottom and in chroma(degree of
saturation) frdm gray at the left to the most vivid colours
at the right. Both value and chroma are numbered so any
particular colour can be givén a ﬁumerical designation
representing %ue, value, and chroma such as SR 6/4 and 10YR
8/2. 1In table 9 the colour of pyroxene and garAet in each
sample are shown, along with the numerical designation of
each colour. This table is constructed such that the colour
of the pyroxenes starts from the lightest colour (first row)
to the darkest colour (last row). Included 1in this %%ble
are the numerical designat{pn of iron' content in each
sample, taken from table 8 The colour names are taken from
the Inter-Society Colour Council-National Bureau of

Standards, sometimes modified by the rock-colour chart

committee.
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Fig.46. Dimensions of. the colour solids ° !
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Thg results given in table 9 are obﬁiously,n6f'in;
favour to the main jdea, that the darkness ~inéreasés with
increase in iron content; The numer4ical designa;ion of iron
content in table 8 column 3 show tﬁgg, for instance samble'c

(pyroxene) with very-darker colour than sample M, has less

amount of iron compare to sample M (9.48 to 0.80). This is

also true for some other samples. In case of the

garnets, also sample J with dark.reéd colour shows very lower
amount ©of iron than the sample B with the pale yellowish

brown colour. .
4

8.2. Other contrbutary factors to colouring
‘One of the aspects which contributes to the colour of
the minerals containing ﬁransition metals is known as

"charge transfer" phenomena. This phenomenon is due to the

.electron migration between atoms or ions. The charge

transfer transitions may take place from metal to 1ligand,

ligand to metal, ,or metal to metal and resulting intense .

¢

colour of the mineral.
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Charge transfer transitions are fgvoured when

.

neighbouring ions in a strigture are in different oxidation

3+

+ ' .
states, e,q. Fe2 and Fe , and/or when there is a local

misbalance due, for example, to substitution of a divalent

ion for a trivalent ion or vice versa. Vivianite,

N
Y

Fey (PO4), .8H,0  presents a ' dramatic example of the
development of a deep colour on. attainment of mixed valence.
The pure mineral containing only Fét is colourless until

. o 3+ .
exposed to air whereupon a small amount of Fe is produced
! A Y

and the mineral becomes an gptense blue colour, which is
* »

.attributed to the charge transfer-transitions. Al

~

Another well-known factor th9t affects the colour of

N

the minerals is the presence of imburities‘ .Microprobe °

analysis of garnets and pyroxenes from the é)lfipek deposit

’ <o, e A+ 2+
show that they contain impurities in the form of Ti and .Mn

(Wares, personal communication 1984). The presence of these’

elements in  the minerals should be considered when

]

N to.
correlating the Fe contents with the colour of the minerals.

- 1

4

S 8.5’. SUMMARY AND CONCLUSIONS

The .idea of  an antiﬁathetic relatign in° the« iron

Al

contents of garnets and pyroxenes of the Sullipek deposit
was originally proposed ®mn the basis of the colour
relationship between the ‘two minerals. The results obtained

from this étudy show that data are consistent with the

concept of an antipathetic relationship. However, while a

[
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co téi::;on between the cqiour of the minerals and their

iron content may be present in a very general way, such a ..

correlation can not be establéshed from the limited amount,
.of ’‘data obtained through this study. Also, in addition to
the iron content, ot{gr factors such as charge transfer

phttenomena and the presence of impurities cqntribdté to the

: . colour of minerals. ‘ ‘
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\ CHAPTER IX \

3+
M8ssbauer Spectra of Fe in GASH
Guanidinium Aluminum Sulfate Hexahydrate
C(NH ) Al(SO ) .6H O !
273 4 2 2 \

|
\

The crystals were grown by slow evaporation 'of an

A . . . .
aqueous solution containing calculated stoichiometric
{

amounts of guanidinium sulfate [HNC(NHZ)éh .HZSO4, aluminum

sulfate Al _(SO and ferric sulfate Fe (SO . Fe (SO

{f 2 4)3 2 4 )3 2 N 4)3
was prepared by gissolving’57Fe metal (enriched to 90%) in a
sufficient amount of dilute sulfuric acid and then adding

- 2+
hydrogen peroxide to convert all ferrous (Fe ) ions to

3+
ferric (Fe ) 1ions. The solution was made slightly acidic
with sulfuric acid to prevent hydrolysis of the ferric ions.

Th"e amount of Fe2 (SO4 )3 used was such that there was one Fe

ion for every five A13t ions in the solption. At first, small
. A .

crystals formed on the surface of the solution, later they
éank to the-bottom, One of them used as a seed crystal to
grow a bigger crystal appropriate to M8ssbauer measurements.
This required periodic. removal of the seed crystal and
dissolving the other small crystals by adding controlled
amounts of distilled water. The‘'crystals grew as hexagonal

plates with normals parrallel to the c-axis, Fig 47.

Crystal Structure

The <crystal structure of GASH has been determined by

[+
Geller and Booth.The unit-cell parameters are:a=ll.745,\énd
o .

c=8.592A . The point group symmetry of this triéonal crystal




( 4
is.C3v and the space group is P31y with thrée molecules bet
unit cell as shown in Fig 48. The Afh.ions (replaced by Fé*)
are on"a threefold axis and are surrounded by a somewhat
distorted octahedra of water molecules. The Guanidinium
ions lie above and belew the octahedra and are loosely
bound. Two of the three Al3+(Fe3+) ions per unit cell are
equivalent to each other and belong to site II, while the
other belongs to site I. In the Mdéssbauer spectra this is
equivalent to having two doublets, corresponding to Fe3+

occupying sites I and II. o
MOTIVATION AND RESULTS

fhe object of éhe present investigation is to measure
the quadrﬁpole coupling constant (equ)/h for Fed occupying
the - two different sites of GASH (I and II), then by usrhg
thgse 'measurement to examine the suggested linear

2 qQ)/ h and the axial crystalline

reiationship between (e
fireld amplitude |(A-B) / A|, as derived by  Schlaak in
context with Mnet- doped crystals: The ahalysis of Schlaak
predicts a linear depéndence of I(A—B)/Al on Q (=1/2e2qQ/h)
the coefficient of the term [52 - I(I+1)/3] in the spin
Hamiltonian, |

=

Relatively few ENDOR measurements have been reported to

3+ ;
date on Fe -doped single crystals. These are for
' 30 31
example, those performed in the hostglattices of Si, Cao0,

32 33
MgO, SnO, and RbAl and RbGa sulfate alums. The crystalline

_100 = .-

8



electric field at the Fe3

* site in Mg0 and Ca0 is of
octahedral symmetry, while in SnO it is sgrongly rhombic,
On the otﬁer hand , it is ofitrigonal symmetry in RbAl and
RbGa sulfate alums, as well as in GASH. 'However,bin GASH
the trigonal distortion is much larger than that in sulfate
alums. ENDOR measurements of the values of A and B for
ée3+in GASH have been recently~$easured rather accurately b&

q

Misra and Ormondt.z9

The ’ crystal- of GASH has hexagonal cross section, the

2 and thickness ~ 2.2 mm.

GASH absorber had the area ~2 cm
The spectra’ were obtained in the 2 mm/sec‘velocity range,
using 256 channels of the multi-channel analyzer (Figure 49).
This velocity was chosen since we expect to sée the Fi+peaks
in this region. The direction of the gamma rays were

parallel to the c-axis of the crystal.

#C

Fig.47. Crystal growing habit of GASH

- 101 -
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sy Qs AtA
Fig.48: A schematic of a unit cell of GASH looking down the
c-axis. The triangles represent threefold axis with
‘ Ala*ions tn the plane of the paper and a guanidinium ;
fon above and below. Each A?+1on is octahedrally
surrounded by six waters.The circles represent S0,
groups above the plane and the dotted ones below.
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The spectra weée computer fitted té two and four
Laurentzian line shape peaks. The two-peak fit (one
doublet) was characterized by a ¥& =252, yielding the
parameter values to be Q.5=0.499 + 0.003 mm/see and 1.5=0.66
+ 0.004 mm/sec. These are close to the expected values for
Fe3f occupying ah octahedral site. The four—peak fit (two
doublets) was characterized by a X2 value of 266, the Q.S
vélues were 0.51 and 0.33, while the corresponding 1I.S
values were 0.66 and 0.71. These are obviously quite
different from each other, apart from having a . larger 7@
value from that for the two peak-fit. Therefore, it .is
clear that the two doublets corfésponding to the sites I and ’
IT can not be reasonably well resolved by M8ssbauer
spectroscopy. We hav; therefore estimated the average Q.S
and I.S, for the two sites from the two-peak fit. Using the
value og‘Q.S, the quadrupole coupling constant (ezqo/ f) is
calculated to be 11.58 + 1 MHz. The values of kA—B)/ A\ as
determined from the ENDOR studies on GASH by Misra and
Ormondt were used. These values are 3.223x10.2 and 3.949x10
for sites I and II, respectively. " Thus, the ratio

| (A-B)/A|/(e? q0/ % ) for GASH corresponding to the sites I

and II are found to be 0.0028 and 0.0034 MHz respectively,

. as caiculated using the wvalue of 11.54 MHz (for both the

sites) for e qo/ h as determined from our Mdssbauer
experiment. - There are only two hosts for which the
experimental values of A, B, and el qQ/ h. (obtained by

Méssbauer spectroscopy Hp the same way as that for the

-104 -
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present case) are available. The oﬁly ones for which they
gre. available are octaéthylhemine and rutile ('.l‘i;)2 ). These
are, for Ti0,, A, -1-28.8 MHZ, Ay =-27,.6 MHz, A, =-28.2 MHz,
and ¢ qQ/ h =6.9 MHz, and for octﬁethylhemine, A =16.24 MH‘z,
B =15.08 yﬁlz,' and e%;Q/ h =21.58 MHz. Using these values it
Iis found that the ratio I(A—B)/Al/(ezqo/ %) are 0.003 and
'0.0033 for Tio, and ‘octaethylhémine hosts, respectively,
which is 1in agreement, wi'thin experimental error, to that
found for GASH. This lends support to the existence of
linear relationship between |(A-B /A| and e qo/ Hh as

discussed by Schlaak 2.8

105 .




CONCLUSIONS

1. In studying the garnets frorﬁ the Sullipek deposit,
. their spectra and the parameters derived frém hcc.amputer
analysis, indicate that the mineral is andradite with ho
detectable FéH in their structure,‘excépt samples E and F in °~

2+

which a proportion of ca?t had been replaced by Fe and’

resulted in additional peaks on their MOssbauer spectra.

[

AN

i ) A
. 2, The analytical results are broadly consistent with
the con'cept of an antipathetic relationship in iron contents

D)

between garnetsand.pyroxenes from the Sullipek deposit.

3. The colours of the minerals do not merely depend on

S
the iron‘%ontent. The colour also is dependent on charge

tmnsfer phenomena and on the presence of impurities.

-

4. No direct relation was found to hold be/ween the

colour of these minerals and the antipathetic relation.

5. The importance of the use of the Mdssbauer technique,\
in * conjunction with other‘ type of spectroscopies, is
demonstr#teﬁ by the experiment on GASH. The measurements of
quadrupole coupling constant (equ/ h ), by the | Mdssbauer

technique and that of the hyperfine parameters A and B 'by

v
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measurgment,

enabled us

to

confirm the

linear

relationship /between € q0/ b and l(A—-é)/A] for Fe\3+ )28

2+ ‘ ‘
redicted by Schlaak for Mn~ -doped crystals
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L “ APPWX A

LEAST-SQUARES CURVE FITTING

Phe best least squares fitting occurs when there

S;iSt parameters p which can minimize the function defined *
1

2

X Z( mﬂ) ) o

measured number of counts in the 'ith channel,

axp
where ei =

and 6{ﬁ= corresponding”nuﬁber of counts calculated from an

]
approximate knowledge of the parameters and model.
ABei’-‘pf experimental error on e;""

. -

For a Lorentzian line shape 1

~F ¢

YR A, a
ei(—p’) = Bi(Aj.xj.Cj)= B .Z x._‘x. - (2)
v ()
where B is the background, M the number of;Lorentz1an
lines, A

j.tge line amplitude, Cj the half width at‘half

- r
maximum and X3 and xj are the channel numbers.
) Q

" 2
The necessary condition for minimization of X iss
-2 92
vx= 0 or —Z— = 0 Witﬁ j=lpoo-ao’3M (3)
P

It is sufficient if all the eigenvalues of the second de-

rivative matrix are positive. Actually, condition (3) is

only satisfied to a certain degree i.e,

"2
H AX: e (L")
where € is a small number depending on the precision of the

fitting. ] \




1 One can then “expand 61(’1')‘) to the first order .
8,(F) = 8, (F) + Vo,.AP|_, _, - (5)
. p=p‘ .

withy ATJ' =7 -, . Equation (1) then becomes

T~ - N exp - — = 2
2_ ( Bi - ei(po) - vei- A-E "b‘=p¢ (6) . ol
AT . . Aeexp ] . )
i=1 /‘ i R -
the sélution AP 'which minimizes )&2 is given by 1

AT = -XvX © (M

where o is the second derivative matrix (or error matrix).,

‘The ’search for ')(2 mini;num is thus carried out in the
v -%’)ﬁzm'direction by -replacing T, by P+ AT for each step in
the iteration procedure, The minimum is'a?h'i'eved-with' AT—0,
The ex;rors of the parameters involved in such calculations
are the square roots of the diagonal elements of the second

% . -1 o [+
< derivative inverse matrix « : . A
' . ‘ -1/2 : {
' ) 5pi = O(il ) (8) . > '
The results of each iteration, especially ‘)(2 and |€x21 are

given and ‘their convergence will show whether the input

parameters and the line s&a’pe are of proper choice,

Mdsgsbauer Memory .

The parameters involvgd are the lir‘xé positions, line
heights and line widths.

Equation (2) is( co;npt’rced by the -gubroutine FUNC which
‘cal'c{xlates also its first and second derivatives. The ite-
rations are berf'érmed through the subroutine CURFIT. The two

subroutine EXAM and JACOBI are used to compute equation (?),

and eqﬁ’ation (8) is obtained by the subroutine MATINV,

2
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SN RONORS

*

PROGRAM MOSSBR (INPUT,OUTPUT, TAPES=INPUT,TAPE6=0UTPUT , TAPESO)

CURVE FITTING LINE + LORENTZIANS

M =NUMBER OF PARAMETERS

KG =aNUMBER OF LORENTZIANS UP TO SIX
L4 =aNUMBER OF ITERATIONS ALLOWED

NO =INITIAL CHANNEL OF THE GROUP

N =NUMBER OF CHANNELS‘ IN THE GROUP
B (3*KG+2)=SLOPE .

B (3*KG+1) =BACKGROUND

B(3*J) =CHANNEL NUMBER OF PEAK ,
B(3*J-1) =HALF WIDTH AT HALF MAXIMUM L
B(3*J-2) =HEIGHT OF THE PEAK

RUNNO=PROVIDES 18 SPACES FOR SPECIFYING THZ DATE OF
EXPERIMENT 1
SAMPLE=PROVIDES 72 SPACES FOR SPECIFYING THE SAMPLE
TIME=PROVIDES 12 SPACES FOR SPECIFYING THE DURATION OF
EXPERIMENT .
***ALL INPUT DATA IS READ IN SUBROTINE MDATA **%wx

DOO0OOQOONOOO0O0ONON

&

DIMENSION Z(256) ,FM(256) ,FC (256) ,DF (256) ,ERR (256),
1B (20),B1(20),B2(20,20) ,DC(2800) ,S(6) ,DAT (256) , RUNNO(S), .
2S1(6) ,P(6) ,PE(6) pa(s) PHE(6),
3PW(6), PWE(G) ;A(6) AE(G) ,SAMPLE (5) ,ABC (2),Y(4) ,TIME(5) ,
3DATA(256),YFIT(256),FDATA(512),IDATA(512)

COMMON/DATA/ABC, Y -
COMMON DC ) :

EQUIVALENCE (zZ,DC), (FM,DC(257)), (FC,DC(513)), (DF,DC(769)), -
1 (ERR,DC(1025)), (B1,DC(1281)), (B2,DC(1301)), (N,DC(1701)),
2 (L4,DC(1703)),(Q1,DC(1704)),(Q2,DC(1705)), (M,DC(1706)),
3(B,DC(1719)),(I,DC(2180)), (L,DC(2179)), (KG,DC (2182)),

4 (IDATA,DC (2200)) ,

5 (NO,DC(2720)),(JO,DC(2721) ), (SAMPLE,DC (2722)),

6 (TIME,DC(2727)), (RUNNO,DC(2732))

DATA (ABC=2HNO,3HYES) , (Y=1H ,1HC,1H*, 1HM)

READ IN SPECTRUM ;

DATA= MUSSBAUER DATA CORRECTED LATER FOR CURFIT

Q1 AND Q2 ARE THE PRECISIONS OF THE CURVE FITTING

WRITE(6,188)
CALL MDATA
7 FORMAT (2F5.2)
WRITE(6,8) Ql1,Q2
8 FORMAT (1X,4HQl = ,F5. 2 5X»4HQ2 = ,F5.2) - /
DO 301 IA=1,512 \
301 FDATA(IA)=FLOAT(IDATA(IA))

WRITE(6,56)

56 FORMAT (10X,*INITIAL DATA*,//W //j

\ 55 FORMAT(10X,10F9.0) «
FDATA (1) =FDATA (2)
FDATA(512) =FDATA (511)
FDATA (256) =FDATA (255)
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54

53
51
- 50
52
32

100

59

" 66
.58
70
71

88
188

220

222
150

151
939

FDATA (257) =FDATA (258)

THE FOLLOWING FOR REMOVING ANY DATA POINT SCATTERED

DO 50 J=3,512
Dl'FDATA(J—l)*O 5
D2=FDATA (J- l)*l 5
CONTINUE

IF (FDATA(J) .GT. Dl AND.FDATA (J).LT.D2) GO TO 51

FDATA (J) = (FDATA (J-1) +FDATA (J-1) ) /2.

FORMAT (5X,*ERRATIC CHANNEL CORRECTED AGAIN*)

GO TO 54
CONTINUE
CONTINUE
FORMAT (5X,*ERRATIC CHANNEL NUMBER=*,14)

FORMAT (12X,10F6.0)

PRINT 100

FORMAT (lHl1l)

FORMAT (10X,10F9. 0)

WRITE (6,188)

SS=0. ONLY ANALYSE CHANNEL 1 TO 256

§S=1. QVERLAP CHANNELS 257 - 512 ON CHANNELS 1l- 256

‘SS=0'

IF (SS) 58,58, 59 |
CONTINUE /
DO 66 J=1,256 /
DATA(J)-(FDATA(J)+FDATA(513—J))/2
CONTINUE

'GOTO71

CONTINUE :
DO70J=1,256 ' ’ \
DATA (:J) =FDATA (J)
CONTINUE
FORMAT (10X, 10F9.0)
FORMAT (1lH1) .
WRITE (6,188)
FORMAT (18A1)
WRITE (6,2) RUNNO -
FORMAT (1X,14H RUN NUMBER= ' ,5A10/)
FORMAT (5A10)
WRITE (6,222) SAMPLE .
FORMAT (1X,14H SAMPLE = _,5A10/)
FORMAT (2A6) '
WRITE (6,151) TIME
FORMAT (1X,14H TIME = ,5A10/)
FORMAT (4I3)

- WRITE(6,10)NO,N,RG

10

11l

FORMAT (1X20H*{NITIAL CHANNEL= 13,258
113,298  NUMBER OF LORENTZIANS= .I2/)

DO 111 J=1,256

DAT (J) =DATA (J) &
CONTINUE

M=3*KG+2 , .
NN=N
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DO 115 J=1,NN
KNO=J+NO
Z (J) = (KNO-1)
FM(J) =DAT (RKNO-1) - -
. 115 ERR(J)=SQRT(FM(J))
89  FORMAT (1F8.0)
WRITE(6,11)B (3*KG+1) ¥
11 FORMAT (1X14H BACKGROUND= F8.0/)
B(3*KG+2)=0.0
122 FORMAT (6F3.0) o :
5 FORMAT (6F8.0) \ K ‘
WRITE (6,13) (B(3*J-2) ,J=1,KG)
13 FORMAT (1X,16H PEAK HEIGHTS= 6F15.0/)
12 FORMAT (1X,18H PEAK POSITIONS= 6 (F15.0)/)
WRITE (6,12) (B(3*J),J=1,KG) )
120 FORMAT (6F5.3) '
WRITE (6,14) (B(3*J-1) ,J=1,KG)
14 FORMAT (1X,9H SIGMA= 6F15.3///)
KG 1=KG :
DO 21 J=1,KGl .
21 B(3*J-2)-B(3*J-2)*B(3*J—1)**2/10000 0 : '
B (3*KG+1) =B (3*KG+1) /10000.0 .
DO 22 J=1,NN ,
FM (J) =FM (J) /10000. 0
22 ERR(J) = ERR(J)/10000.
WRITE (6,1881) ,
1881 FORMAT (39HO CURVE FITTING . LINE+LORENTZIANS //)
CALL CURFIT o ,
WRITE(6,188) !
(WRITE (6,135)
135 FORMAT(IX 11H PARAMETERS//3X,1HJ,10X,4HB(J),27X, GHERRDRS//)
WRITE (6,140) (J,B(J),Bl(J),I=1,M)
140 FORMAT (3X,I2,5X.EL6.6,15X,EL6.6 /) /
DO 200 J=1,KG
. P(J)=B(3*J)
v  PE(J)=Bl(3*J) -
PH(J) =10000. 0*B (3*J-2) /B(3*J-1) **2 |
T=2.0% (BL{3*J-1)/B(3*J~1))**2
W= (Bl (3*J-2)/B (3%J~2)) **2
PHE (J) =PE (J) *SQRT (T+W) ‘
PW (J) =2.0*B (3*J-1)
PWE (J) =2. 0*B1 (3*J-1)
A(J)=31415.9265*B (3*J-2)/B(3*J~1)
TT= (Bl (3*J=1) /B (3*J=1) ) **2
Wi= (Bl (3*J-2) /B (3*J-2) ) **2
AE (J) =A (J) *SQRT (TT+WW)
200 CONTINUE ‘ :
WRITE (6,188) : ot .
WRITE (6,201). '
201 FORMAT  (1X,15H LINE POSITIONS,6X,7H ERRORS/)
: WRITE (6,202) (P(J),PE(J),JT=1,KG)
202 FORMAT (3X,1F10.5,6X,1E11. 4/)
WRITE (6,203)
203 FORMAT (/,1X,13H LINE HEIGHTS, 8X, 78 ERRORS/)
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WRITE (6,204) (PH(J) ,PHE(J) ,J=1,KG)
204 FORMAT (2X,F10.3,10X,EL10.4/)
WRITE (6,205)
205 FORMAT (/,1X,l4H FWHM OF LINES, 7X 7H ERRORS/)
. WRITE (6, 206) (PW(II) ,PWE(II), II=l +KG1)
206 FORMAT (3X,1F10.6, 6X,lEll 4/) «
. WRITE (6,207),
207 FORMAT (/,5X, 11H LINE AREAS,8X,7H ERRORS/)
WRITE (6, 208) (A(J),AE(J),JSI KG) R
208 FORMAT (1X,1Fl16.6,2X,1E16.6/)
WRITE (6,188)
CALL PLOTB(NO,N,FC, FM)
NN=N

DO 40 KK=l1,NN - /// g
FC (KK) = FC(KK)*10000 . : -
FM (KK) = FM(KK)*10000 - -
40 CONTINUE
WRITE (6;188) o
WRITE(6,935) (FM(KJ) ,KJ=1,NN)
WRITE (80,935) (FM(KJ) ,KJI=1,4N)
#° WRITE(6,935) (FC(KJ),KJ=1,NN)
WRITE (80,935) (FC(KJ),KJ-l NN)
935 FORMAT (5X,10F7.0)

‘9481 FORMAT (5H"""N=,IS, SH/"NOS,LS ZH//)

16 FORMAT (Il)
. 8TOP

END

SUBROUTINE MDATA

DIMENSION IDATA{512),DC (2800), IIDATA(SlZ),B(ZO),C(ZO),

1SAMPLE (5) ,TIME (5) ,RUNNO (5) ,SAM(5) ,TIM(5) ,RUN(5)

COMMON DC -
- EQUIVALENCE (IDATA,DC (2200)), (Ql,DC (1704)), (Q2,DC (1705)),

1(N,DC(1701)), (KG,DC(2182)), (L4,DC(1703)), (B,DC(1719)),

2 (NO,DC(2720) ), (JO,DC.(2721) ), {SAMPLE,DC (2722)),

3 (TIME,DC(2727)) , (RUNNO,DC(2732)})

READ (5,1150) (IIDATA(I),I=l, 512) \

DO 145 K3=1,512 - -

IIDATA(KB)-IIDATA(KB)
145 CONTINUE
1150 "FORMAT (16,917)

DATA (RUN (J) ,J=1,2) /10HSEP. 20-0CT,8H. 20 1977/

DATA (SAM(J) ,J=1,2)/10HCO-57SOURC, lHE/

DATA TIM(l)/9HONE MONTH/

DATA (C(I),I=1,20)/

5—2000. 112- 112' 1-5000- 112. 11'04- '-9000- 112. ,1.20. ? .

6-7000.,12.,143.,-3000.,12.,156.,-6000.,12.,200.,

2946000.,0.0001/ .

DO 100 IA=l,512
100 IDATA(IA)-IIDATA(IA)

DO 200 J=1,20
200 B(J)=C(J)

DO 300 J=1,20

RUNNO (J) =RUN (J)

SAMPLE (J) =SaM (J) , i
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300

TIME (J)=TIM(J)
NO=1

N=256

KG=6

" L4=18

. Ql=0,
Q2=,01 °
JOo=l
RETURN
END

SUBROUTINE CURFIT °
FORTRAN 4
DIMENSION Z(256) ,FM(256) ,FC(256) ,DF (256) ,ERR (256) ,X (256) ,

1B(20),B1(20),B2(20,20) ,GRAD(20) ,D1(20) ,D2(20,20),DC(2800),

2B3 (20,20) AA(ZO) BB(ZO) »W1(20) ,w2(20) ,ABC(2) ,B8 (20,20) '
3Y'(4) .

COMMON/DATA/ABC., Y

COMMON DC

" EQUIVALENCE:- (Z,DC), (FM 'DC (257) ), (FC,DC (513) ), (DF,DC (769)) ,

1 (ERR,DC (1025)), (B1,DC(1281)), (B2,DC(1301)),(N,DC(1L701)),
2(L4,DC(1703)),(Ql,DC(1704)),(Q2,DC(1705)),(M,DC(1706)),
3(B,bDC(1719)), (GRAD,DC(1739)), (D1,DC(1759)), (D2,DC(1779)),
4(1x,0C(2180)),(L,DC(2179))
DATA (ABC=2HNO, 3HYES) , (Y=1H ,1HC,1H*,1HM)

LL =0 °

Sa = 0.0 . S

. 1000

DO 1000 J=1,20

Bl(J)=0.0

DO 1000 K=1,20 -

32 (J'K) '0- 0( :

NN=N - ‘ ‘
MM=M . ., a\
DO 100 K = 1, NN Lo
X (K) = ERR(K)**2

L=]

I=K S :
CALL FUNC (2) o o

. DF (K) =sFM(K) = PC(K)

101
100

102

DO 101 J=1,MM Co
B1(J)=B1 (J) - (2. G*DF (K) *D1 (J) ) /X (K) ; y

DO 101 KK=1,MM s

B2 (J,KK) =B2 (J ,KK)~ (2.0* (DF (K) *D2 (J, KK)—Dl(J)*Dl(KK)))/X(K)
SA = SA + DF(K)**2/X(K) ‘ J .

. GMOD=0.0 , 4

GMOD=GMOD+B1 (J) **2 . o S : o
WRITE(6,243)SA,GMOD ‘

243 FORMAT (lX ZSH*INITIAL VALUE SUM OF SQ.-El3 5 20)(,178*80
MOD OF GR ,
1AD =El3.5)
WRITE(6,1751£/
1751 FORMAT (14HO DERIVATIVES-~) S

WRITE (6,240) (B1 (J) ,I=1,M)
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FORMAT (15X,5(El3.5,8X)/)
IF (SA - Ql) 110, 110, 200 .

110 LE = 1

200

210

220

230

250

231

235

260

270

- 280
285

290

275
295

300
305

GO TO 600
S = 0.0

GMOD = 0.0 A

BMOD = 0.0 \

PROD = 0.0 . «

"A2=ABC (1)

DO 210 J = 1, MM

B1(J) = 0.0

DO 210 K = 1, MM

B2(J,K) = 0.0

DO 220 JJ = 1, NN

L=l

1=JJ

CALL FUNC (2)

DF (JJ) = FM(JJ) = FC(JJ)
DO 2200 = 1, MM

BL(J) = B1(J) - (2.0*DF(JJ)*D1(J))/X(JJ)
DO 220 K- = 1, MM

B2(J,K) = B2(J,K) - (2.0%(DF(JJ)*D2(J,K) =D (J)*DL(K}))/

LX(JJY -
DO 230 J =1, MM -

GRAD (J) = Bl(J)

L1 =Ll + 1

CALL EXAM (B2,B1,M,LF)
IF . (LF) 250, 250, 305

DO. 231 II=1,M

DO 231 JJ=1,M

B3 (I1,JJ)=B2(II,JJ)

CALL JACOBI (M,B3,1,NR,B2)
MM=M

DO 235 JJ=1,MM

Bl (JJ) =B3 (JJ,JJ)

A2=ABC(2).

DO 260 J =1, MM

D1(J) = 0.0

DO 270 J = 1, MM

DO 270 K = 1,”MM

D1 (K) = D1(K) + BZ(J,K) *GRAD (J)
DO 275 J = 1, MM

IF (Bl(J)) 280, 290, 285
Bl(J) = - Bl(J)

D1(J) = Dl(J)/Bl(J)

GO TO 275

D1(J) = 0.0

CONTINUE

D0295J-11MM

B1(J) = 0.0

DO 3003 = 1, MM -~ N
Bl(J) = B1(J) + B2(J,K)*D1l(K)

DO 310 J=1,M .

r -7 - -




GMOD = GMOD + GRAD (J) **2

BMOD = BMOD + Bl (J)**2 2
310 PROD = PROD + GRAD (J) *B1 (J)

IF (GMOD - Q2) 315, 315, 320
315 LE = 2 . , .

GO TO 600

' 320 'C=PROD/SQRT (BMOD*GMOD)

IF (C) 335, 335, 400

. 335 LE = 4

' GO TO 600

400 LD = 0

L3 =0 ‘ ' :
DO 410 J = 1, MM : . J -
410 GRAD(J) = B(J) - Bl(J). B .

. 450 DO 420 II = 1, NN

L=2
I=II :
CALL FUNC (1) -
DF(II) = FM(II) - FC(II)
420 S = S + DF(II)**2/X(II)
IF (SA - S) 435, 500, 500
435 LD = LD + 1
430 DO440 J°= 1, MM v ,
B1(J) = Bl(J)/2.0 « . -
440 GRAD(J) = B(J) - Bl(J) ‘ ‘ v s
S = 0.0 ‘ , ‘ \ B
L3 = L3 + 1 ‘ N\ '
IF (L3 - 256) 450, 460, 460 ! ‘
460 LE = 5 S :
GO TO 600 o
500 IF (LD) 505, 505, 506 . \\\
506 LD = 0 o ,
GO TO 430 , \
505 DO 510 J = 1, MM oo
510 B(J) = GRAD (J) _ : :
SA = § ) h ) /) :
IF (SA - Q1) 507, 507, 530 f/' —~
507 LE = 1 o S . A
. GO TO 600 - S : \_,,&
530 IF (L4) 200, 200, 900 : :
900 WRITE (6, 920)L1 AZ L3 S,GMDD,(B(J),J-I M) 4
920 FORMAT(//,15H ITERATION NO.=I5,10X,43H TRANSFORMATION,
IMADE TO PRINCIPAL AXES=A4,10X% 18H BINARY CHOP USED
2=13,6E TIMES/1X,27H WEIGHTED SUM OF SQUARES=El4.7,25
3X, 320 SQUARE MODULUS OF GRADIENT=El4.7/20H _PARAMETERS //)
4B(J)-/(5El7 8)k/) ‘
IF (L1 - L4) 200, 910, 910
910 LE = 6
GO TO 600
600 DO 710 J=1,MM
B1(J) = 0.0 : ,
DO 710 K=1,MM O . L
710 B2(J,K) = 0.0 ' : S .
L=l




720

2001

2002

730
o

". DO 740 K=1,MM

740

551 FORMAT (//,13H EXIT NUMBER=I3 20X,258 WEIGBTED“SUM OF

DO 720 JJ = 1, NN . . ® . , ‘
CALL FUNC(2) . L Co . .
DF (JJ) = FM(JJ). - FC(3J) . ‘ b e
DO 720 J = 1, MM . . .

BLl(J) = BL(J) - (2. o*DF(JJ)*Dl(J))/x(JS> B ’ ‘
DO 720 K = 1, MM : - S e
B2 (J, K) = B2(J,K) - (2 0*(DF(JJ)*D2(J K) o A
1-D1(J)*D1 (K)))/X(J3J) . J , e e

CALL MATINV(B2,M,Bl,1,DETERM) o ,“( e e T
DO. 730 J’l +MM L ; o ‘l“o 5. o o . o P
IF (B2(J,J)) 2001 2001,2002 S ¥

Bl1(J) = —SQRT(-BZ(J J)) . N o

GO TO 730 o B
. B1(J)= SQRT(BZ(J J)) o L

CONTINUE « ) ( : u

DO 740 JI=1,MM

5

B2 (J, K)=BZ(J K)/(Bl(J)*Bl(K))
WRITE(6,551)LE,SA

~ 1SQUARES=EL15.8//)

RETURN ‘ o ) . . " .
END . ° ‘ 5 i ° ¢ o «

SUBROUTINE FUNC (LX) . - .

" "TCOMMON DC

60

120

SUBROUTINE FUNC ©
DIMENSION DC (2183),B(20,2),D1(20),D2:(20,20) EC(256) 7 (256) ,
1E(6) P o
EQUIVALENCE (Z,DC), (FC,DC (513)), (B,DC (1719} , (D1 uc<1759)),
1(D2,DC(1779)), (4,DC(1706)) , (L,DC (2179)), (I, pC(2180)), ‘
2 (KG,DC (2182)) -

MM=M } v

DO 50 J=1,MM . °

D1(J)=C% 0 ,

DO 50 K=1,MM ‘ Q

D2 (J,K) =0.0 , :

FC(I)=B (M,L) *2 (I) + B(M~1,L)

KG1l=KG

DO 60 J=1,KGl . o

§S£§;-FC(1) + B(3*J-2 ,L)/((Z(I)=-B(3*J,L))**2 + B(3*J-1,L

IF (LX-1) 110,110,120 0

Dl (M-1) =1.0 : , : ‘ C
D1 (M)=2Z (I) l 4 . .

" DO, 70 J=1,KGl

XI=(Z (I) =B (3%J,L))**2 S o

ETA=B (3*J-1,L) **2 :

DEN=XI+ETA . ‘ e
D1(3*J-2)=1.0/DEN - - s

D1 (3*J-1)=-2. 0*B (3*J-1,L) *B (3*J-2,L) /DEN**2 -

D1(3*J)=2.0*(Z(I)~B(3*J ,L))*B(3*J-2, L)/DEN**Z
'D2(3*J-l,3*J-2)t-2.0*§‘?*J~l +L) /DEN#**2 -

e .- 119 -
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70
110

v

.80

60
.70
100

110
°115

125
50
40

1130
135

145

"‘ch&*a— 3*J~1)~nz(3*a-
© D2(3*7, 3%3-2)#2.G* (2 (1) =B (3*7,L) ) /DEN**2
' D2 (3%3=3,3*J) = .D2 (3*J,3%J=2)

3*J-2)

°

D2 (3*J=1,3*J=-1)==2, 0*B(3*J—2 L) *(XI -3. O*ETA)/DEN**B
32(3*J-l 3*J) =-8. 0*B(3*J—2 L) *B(3*J-1, L)*(Z(I)—B(3*J L))

- 1/DEN**3 °

b2 (3*7,3*3~1) D2(3*J~
D2 (3*J,3*J) =2 0*B(3*J
CONTINUE '

" RETURN.

END

3*J)
,L) ¥ (3. 0%KI~ETA) /DEN**3 .

SUBROUTINE. EXAM(A B M LF)
~ SUBROUTINE EXAM

FORTRAN 4

DIMENSION A(20,20) B(20),C(20)

DO 80 J=1,M
C(J)=A(J, J)
IF(A(1,1)) 60,200, 70
A(l,1) =—SQRT(-A(l 1))
GO TO 300

A(l,Ll) =SQRT(A(1 1))
GO TO 100

IF (M-1) 400,400, ,110
DO 115 K=2,M
A(l1,K)=A(1, K)/(A(l l)
DO 120 J=2,M

Jl=J-1

S=A(J,J)"

DO 125 L=1,J1°

S=S-A (L, J)**Z

IF (S)" 50'200,40
A(J,J) =-SQRT(~5)

GO TO 300

A(J,J) =SQRT(S)
GO,TO 130 -
IF(J-M)135,400,400
J2=J+1

DO 120 K=J2,M

S=A (J,K)

DO 145 L=1,J1
S=S-A(L,J)*A(L,K)

12Q A(J,K)=S/A(J,J)
408\hgl)-8(l)/A(l,l)
I

405

415
410
420

435

DO 410 J=2,M
S=B(J) - -
Jl=J-1

DO 415 Lx=1,J1
S=S=A(L,J) *B (L)
B(J)=S/A(J,J)

B (M) =B (M) /A (M,M)
JaM-1

IF (J) 450,450,425
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© 425

430

450

. 200

noaor

300

460

S=B (J) ’ i
J2=J+1 . h \ o e .
DO 430 L=J2,M L S
S=S-A.(J,L)*B (L) B . "

.B(J)=s/A(J3,J3) _— o ; ,‘ (

J=J-1 | g o
GO TO 435 ’ , e
LF=1 . k L

GO TO 460 . . .
LF=0 ' : IR

GO TO 460

LF=-1

DO 465 J=1,M ’

- A(J;J)=C(J)

470
465
475

20

60

IF (J-M) 470,475,475 » :
J2=J+1 . 2 o .

DO 465 K=J2,M . ‘ : e,
A{J,K)=A(K,J) . , ,
RETURN

END

SUBROUTINE MATINV(A,N,B,M DETERM) ; .
SUBROUTINE MATINV SR : T
FORTRAN 4
MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF .LINEAR:
EQUATIONS :
DIMENSION IPIVOT (20),A (20,205 ,B(20,1), INDEX(ZO 2) vaor(zo)
EQUIVALENCE (IROW,JROW), (ICOLUM,JCOLUM) ] (AMAX T, SWAP) - '
DETERM=1.0
DO 20 J=1,N
IPIVOT (J) =0
DO 550 I~1,N . o —
‘AMAX=0. 0 ‘ K U
DO 105 J=1,N - “ .
IF (IPIVOT (J)-1) 60,105, 60 , o , y
DO 100 K=1,N - R o SRR

- IF (IPIVOT (K)-1)80,100, 740 ..

80
85

100
105

140

200
210

!

.DO 250 L=l',M S T

IF (ABS (AMAX) ABS(A(J K)))SS 100, 100 - )

I ROW—J . “ ‘ c: M . v
ICOLUM=K | . \ 1 A
AMAX=A (J ,K) o R "

‘CONTINUE

CONTINUE . . : .

IPIVOT (ICOLUM) =IPIVOT (ICOLUM)+L, - :

IF (IROW-ICOLUM) 140,260,140 ‘

DETERM=~DETERM o Coe

DO 200 L=1,N" : o s e
SWAP=A (IROW,L) o .

" A(IROW,L)=A(ICOLUM,L) : R

A (ICOLUM,L) =SWAP
IF (M)260,260,210

SWAP=B (IROW,L} ) . t e T
B(IROW,L)=B(ICODU§,L) o ‘ T -

- 121 -
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250 B{ICOLUM,L) =SWAP

¢ 260 INDEX(I,l)=IROW

i+ ' INDEX(I,2)=ICOLUM :

: PIVOT(I)=A (ICOLUM,ICOLUM) '
DETERM=DETERM*PIVOT (I) .. -~
A(ICOLUM,ICOLUM)=1.0 o

¥ DO 350 L-l,& -

¥ 350.A(ICOLUM,L)=A(ICOLUM, L)/PIVOT(I)
'~ IF(M)380,380,360 u
360 DO 370 L=1,M °
370 B(ICOLUM,L)=B(ICOLUM,L)/PIVOT(I)
380 DO 550 Ll=1,N . ,
IF (L1-ICOLUM) 400,550,400 , .
400 T=A(L1l,ICOLUM) ‘ N
’ A(L1,ICOLUM)=0.0 . .
* DO 450 L=1,N ‘
450 a(Ll, L)=A(Ll L) -A(ICOLUM, L)*T
.IF (M) 550,550,460, )
460 DO 500 L=1,M ‘
500 B(L1l,L)=B(Ll,L) B(ICOLUM L) *T
550 CONTINUE

’

DO 710 I=1,N o | L
. L=N+1-I ’ .
IF (INDEX (L, 1) -INDEX (L,2)) 630,710, 530
630 JROW=INDEX (L,1) ( . !

. JCOLUM=INDEX (L,2)
. DO 705 K=1,N
SWAP=A (K,JROW)
A (K,JROW) =A (K,JCOLUM)
A(K, JCOLUM)=SWAP
705 CONTINUE .
710 CONTINUE o , . ,
.740 RETURN o ’ L
umD P

L

»

A SUBROUTINE PLOTB (NO,N,AA, BB)
C SUBROUTINE PLOT B
o4 A= LARGEST OF FC'AND FM, B=. SMALLEST
DIMENSION X (116),AA(512),BB(512) Y(4),ABC(2)
- COMMON/DATA/ABC, Y
. DATA (ABC=2HNO,3HYES) , (Y=1H , 1H*, lH.,lH
. A=AA(l)
" B=A
- DO 900 I=l N -
. IF(AA(I)~-A)905,905, 910
910 A=AA(I)
905 IF(BB(I)-A)915,915, 920 .
920 A=BB(I) ;
915 IF(AA(I)~B)930,925,925 .
930 B=AA(I) ‘
N 925 IF(BB(I)-B)935,900, 900
" 935 B=BB(I)® °
900 CONTINUE ‘
FAGEOR ‘= 1.0

N

.»‘



500 A = 2.0*A

130 X (L) =Y (3)

ReReEe BN eXe)

noaonoon 0

\
520 IF (A-B-1000.0) 500, 510, 510

B = 2.0*B
FACTOR = 2.0*FACTOR
GO TO 520
510 KD = (A-B)/112.0 + 1.0
KS = IFIX(B) - 2*KD , 1
WRITE (6,1) :

I FORMAT (119HO0...0v.uevueeeliceneenee2iuenenanadanenanaa.d
- -
210........11...)

DO 100 I=1,N.

DO 110 K=1;116 * '
110 X (K)=Y (1)

K = AA(I)*FACTOR :

K = (K-KS)/KD .

X(K) = Y(2)

L = BB(I)*FACTOR

L = (L-KS) /KD

IF(L-K) 120,130,120

GO TO 105
120 X (L)=Y (4) }
105 INO=I+NO-1 ' " 4
100 WRITE ¢6,90)INO,X
90 FORMAT (1XI3,116Al) .
WRITE (6,1) '
RETURN
END
SUBROUTINE JACOBI (N,Q,JVEC,M,V)
SUBPROGRAM FOR.DIAGONALIZATION OF MATRIX Q BY SUCCESSIVE ’
ROTATIONS (
DIMENSION Q(20,20),V(20,20),X(20),IH(20)

et

NEXT 8 STATEMENTS FOR SETTING INITIAL VALUES OF MATRIX V

. IF (JVEQ) 10,15,10

10 Do 14 I=1,N
DO 14 J=1,N ‘
IF(I-J) 12,11,12 - '
11 v(I,J3)=1.0
GO TO 14
12 v(1,J3)=0."
14 CONTINUE

15 M=0 .
NEXT 8 STATEMENTS SCAN FOR LARGEST OFF DIAG. ELEM. IN EACH
ROW X (I) CONTAINS LARGEST ELEMENT IN ITH ROW ‘
IH(I) HOLDS SECOND SUBSCRIPT DEFINING POSITION OF ELEMENT

MI=N-1

DO 30 I=1,MI « . ,
X{I)=0. : ™~
MJ=I+1 ' ) ‘ ,

b mEes an
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DO 0 JI=MJ,N : N

. IF (X(I)-ABS (Q(I,J))) 20,20,30 ooy
20 X(I)=ABS (Q(I,J)) . :
IE(I)=J

30 CONTINUE . :
: o
NEXT 7 STATEMENTS’FIND FOR MAXIMUM OF X (I)S FOR PIVOT
ELEMENT . .
40 DO 70 I=1,MI
IF(I-1) 60,60,45
45 IF (XMAX-X(I)) 60,70,70
60" XMAX=X (I)
IpP=I
Jp=1IH (I)
70 CONTINUE

NEXT 2 STATEMENTS TEST FOé XMAX,IF LES?\THAN'IO**—S,Gd‘TO
1000 ‘

7~ '

EPSI=1.E-8 :
IF (XMAX-EPSI) 1000,1000,148

14 M=M+N\_
J? 11 STATEMENTS FOR COMPUTING TANG ,SINE, COSN,Q(I I,
J)

PO -]

&

IF (Q (1P, IP) Q(JP JP)) 15Q, 151 151 )
150 TANG .=-2.*Q(IP, JP)/(ABS(Q(IP IP))+SQRT((Q(IPE, IP)-Q(JP,JP)
1-Q(JP,JP) ) **2+4. *Q (IP, JP)**Z)) ‘
GO TO 160 , '
151 TANG =+2.*Q(IP, JP)/(ABS(Q(IP IP) ) +SQRT ((Q (IP,IP)~Q(JP,JP)
. l=@(JP,JP))**2+4.%Q(IP,JP)**2)) !
160 CO8N=1.0/SQRT (1. 0+TANG**2)
SINE=TANG*COSN
QII= Q(IP,IP)
"Q(IP,IP)= COSN**2* (QII+TANG* (2.*Q(IP,JP)+TANG*Q (JP,JP)))
Q(JP,JP) = COSN**Z*(Q(JP,JP)-TANG((2.*Q(IP,JP)-TANG*QII))'

Q(IP,JP) =0.
NEXT 4 STATEMENTS FOR PSEUDO RANK OF THE ElGENVALUES
IF (Q(IP,IP)-Q(JP,JP)) 152,153,153

152 TEMP=Q(IP,IP)
Q(IP,IP)=Q(JP,JP) . . .
Q (JP, JP)=TEMP & i -

NEXT 6 STATEMENTS AD{UST SIN,COS FOR COMPUTATION OF
Q(I,K),V(I,K) ‘ oo ‘

IF (SINE) 154,155,155
154 TEMP=+COSN

GO TO 170
155 TEMP=-COSN

\ - - 124 -
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170 COSN=ABS (SINE) : . .
SINE=TEMP : R

NEXT 10 STATEMENTS FOR INSPECTING THE I"S BETWEEN ‘I+1 AND
N-1 TO DETERMINE WHETHER A NEW MAXIMUM VALUE SHOULD BE
COMPUTED SINCE THE PRESENT MAXIMUM IS IN THE I OR J ROW

[eEeNe Ko X!

o . 153 DO 350 I=1,MI LI
@ IF (I-IP) 210,350,200
200 IF (I-JP) 210,350,210
210 IF (IH(I)-IP) 230,240,230
230 IF (IH(I)-JP) 350,240,350

240 K= IH(I)
. TEMP=Q(I,K)
# .. ' Q(I,K)=0. o
MI=I+1 . g

4 X(I)=0 7
f&% c U :

C NEXT S STATEMENTS SEARCH YN DEPLETED ROW FOR NEW MAXIMUM

e : -

DO 320 J=MJ,N
*IF (X(I)-ABS(Q(I;J))) 300,300,320 -
300 X(I)=ABS(Q(I,J))
IH(I)=J
320 CONTINUE:
‘ . Q(I,K)=TEMP
o 350 CONTINUE Lo

Ne

. ] vﬁﬁb‘ ( .

X ¢fP) =0. ' L

i X(JP) =0. B

NEXT 30 STATEMENTS‘FOR CHANGING THE\OTHER ELEMENTS40F Q

DO ’530 .I=11N: {

0 0000

IF (I-IP) 370,530,420 ~ .
370 TEMP=Q(I,1IP) ~ ¢
§, . Q(I,IP)=COSN*TEMP+SINE*Q (I,JP) . ,
IF (X(I)-ABS(Q(I,IP))) 380,390,390
( N\ 380 X (I)=ABS(Q(I,IP))
IH(I)=IP
390 Q(I, JP)=—SINE*TEMP+COSN*Q(I JP)
. IF (X(I)-ABS(Q(I,JP))) 400,530,530 ,
. 400 X (I)=ABS(Q(I,JP)) g
. ’ IH(I)=JP : Lo
GO TO 530 ‘ ‘ : - v

420 IF (I-JP) 430,530,480 . : ‘ . ‘ i
o L 430 TEMP =Q(IP,I) '
. . < Q(IP,I) COSN*TEMP+SINE*Q(I JP}
. IF (X(IP)-ABS(Q(IP,I))) 440,450,450
440 X (IP)=ABS(Q(IP,I)),
IH(IP)=I '
450 Q(I,JP)=—-SINE*TEMP+COSN*Q (I,JP)

- ]25 -
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\ . . | . :
IF (X (I)-ABS(Q(I,JP))) 400,530,530

480 TEMP=Q (IP,I)
*  Q(IP,I)=COSN*TEMP+SINE*Q(JP,I)-
IF (X(IP)-ABS (Q(IP,I))) 490,500,500
490 X (IP)=ABS(Q(IP,I)) .
. IH(IP) =1 :
,500 Q(JP, I) =-SINE*TEMP+COSN*Q (JP,I)
IF (X(JP)-ABS (Q(JP,I))) 510,530,530
510 X (JP)=ABS(Q(JP,I)) '
IH(JP) =1 . , .
530 CONTINUE o - 7

NEXT 6 STATEMENTS TEST FOR COMPUTATION OF EIGENVEC'ﬁRS

OO0

® IF (JVEC) 540 40,540 ’ !

540 DO 550 I=1,N

TEMP=V (I,IP)

V(I,IP)= COSN*TEMP+SINE*V(I,JP)
550 V(I, JP)=-SINE*TEMP+COSN*V(I JP) gt

GO TO 40 \ . -
‘1000 RETURN o
END

esn

e

< oy
.
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" APPENDIX B

PROGRAM MCAREAD

P
o ’ )
8E<£030 LDX SE030 PIA BASE ADDRESS=PIAAD
6F \01 CLR 1,X ACCESS DDRA
6F 03 CLR 3,X ACCESS DDRB
10 .

8E F004 LDY $F004 DDRA,B HAVE UPPER NYBBLE=OQOUTPUT,
LOWERT NYBBLE=INPUT,THEN ACCESS PIAD'S

10’ o

AF 81 STY ,X++ FO INTO DDRA ,04 INTO CRA

10

AF 81 STY ,X++ FO INTO DDRB, 04 INTO CRB

A6 83 LDA ,--X. READ PIABD TO CLEAR INTERRUPTS

A6 83 LDA ,-=X LIKEWISE FOR PIAAD, ‘X NOW=SE030

10 ‘ '

8E C400 LDY BEGA

86 70 LDA $70 =READY2+SHFT+SP=HI

A7 02 . STA 2,X PIABD

C6 06 'LDB 6 ° B= DIGITS/CHANNEL

34 READ . FIRST READ FOLLOWS REDY2

. 04 PSHS B’ SAVE DIGIT COUNTER
' C6 10 LDB S$10

12 NOP : : «

SA DELAY DECB WAIT FOR MCA TO PRESENT DATA

26 FD BNE DELAY

35 PULS B RETIEVE DIGIT COUNTER

04 -

A6 84 LDA X - INPUT DATA VIA PIAAD

84 OF ANDA $OF ONLY LOWER NIBBLE SIGNIFICANT

8A 30 ORA $30 CONVERT TO ASCII

A7 AO STA ,Y+ STORE DIGIT Y AND INCREMENT Y BY 1

10 -

8C DCO1 CMPY ENDA+2 ENDA=BEGA+6*1024=BEGA+$1800

27 11 BEQ STOP (NB READ PAST ENDA TO GENERATE LCHO
WHICH RESETS MCA FOR "DISPLAY")

5A DECB REDY 2 :

27 DF BEQ CALL OUT NEXT CHANNEL AFTER 6 DIGITS

86 40 LDA $40 =SP

A7 02 sTAa 2,X 2,X=PIABD. SHFT LO ,SP HI

6F 02 CLR 2,X SP LO, « | ‘

A7 02 STA 2,X SHFT LO ,SP EHI

86 60 LDA $60 =SHFT+5P

A7 02 STA 2,X SHFT,SP HI

20 D7 BRA READ READ FOLLOWS NEXT 5 SHIFTS
3F STOP SWI :




s

PROGRAM 6809 READ |

- This program allows the SWTP 6809 general purpose
. .. .:computer to act as terminal for a host computer. Once

terminal mode established, typing control Q will

upload the contents of a block of memory 1obéted‘ét
+$C400 to $0001 of the SwTP. Upon comp]et1on of data
transfer, control returns to the terminal emu]atlon |
program. ' )

0000 Y ORG  $0000 -
E0Q4 CONSOLE EQU  $E004 | . o
E024 MODEM EQU  $E024 '

C400 BEGADR EQU  $C400  BEGIN ADDR. OF DATA TRANSFER
DOOT ENDADR EQU  $D0OO1  END ADDR. OF DATA TRANSFER

000D CR EQU  $0D CARRIAGE RETURN ' .
000A LF EQU $0A LINE FEED .

0020 SP EQU $20 SPACE . s

BE E024 INIT2B  LDX MODEM  GET MODEM STATUS

86 03 LDA #03 MASTER RESET ACIA

A7 84 STA 0,X

86 11 LDA #%00010001 ACIA OPERATING MOOE _ ¢
: * 8BITS, 2STOPS,OPARITY “

84 STA 0,X

* KEXBOARD IS SCANNED FOR CHARACTERS
F6 E004 CONSIN LDB CONSOLE GET CONSOLE STATUS

57 ASRB  ANY CONSOLE INPUT .
24 13 . " BCC  MODIN IF NOT, ANY MODEM INPUT

B6 EO00S LDA CONSOLE+1 IF YES, READ DATA

84 7F ANDA  #$7F STRIP PARITY BIT

81 N CMPA  #$11 IS IT TRANSFER COMMAND Q'

27 1F BEQ MDOUT2 IF YES, GO TO TFR RTN.

*

* DATA IS SENT THROUGH PORT 2B T O MAIN

*
F6 E024 MODOUT LDB MODEM OTHERWISE, GET MODEM STATUS
57 ASRB

57  ASRB ANY OUTPUT TO SEND
24 EA BCC  CONSIN  IF NOT CHECK CONSOLE
B7 E025 STA  MODEM+]  OTHERWISE, SEND DATA
*
*MODEM IS MONITORED FOR INCOMING CHARACTERS
*
F6 E£024  MODIN  LDB  MODEM tf
57 ASRB
24 E (+ BCC CONSIN
B7 025 STA  MODEM+I

* a—

*QUTPUT TO SCREEN IS MONITORED HERE
* .
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EC04  CONOUT LDB

* ROUTINE TO SEND MULfICHANNEL ANALYZER DATA LOCATED AT
*$C400-$0001 of SWTP TO HOST COMPUTER FOR PROCESSING.
*

F6
57 ASRB
57 ASRB
24 F9 - BCC
B7 - EQO5 STA
20 €7 BRA
*
6 OA LINE  LDB
36 04 WORD  PSHU
8 06 LDA
3 02°  DIGIT  PSHU
A6 80 . LDA
8¢ - DOO1 CMPX
21 20 BEQ'
80 20 BSR
37 02 PULU
Mo DECA
26 FO BNE
8 20 LDA
8D 17 BSR
377 04 PuLU
'5A, DECB
26 E3 BNE
36 04 PSHU
.8 0D LDA
80 -0C BSR
.86, OA LDA
8D 08 BSR
8 11 BSR
20 D3 . BRA
37 06. PULU
20 88 . BRA
F6  E024 LDB
.57 ASRS
57 ASRB
24 F9 BCC
B7 E025 STA
39 ' RTS
108E 4000 DELAY  LDY
3 3F LEAY
-108C 0000 CMPY
26 Fa BNE
39 o RTS
END

(R

S U o
. L

" CONSOLE

CONOUT
COSOLE+1
INIT28B

#$0A
B
#06
A
WX+
#ENDADR
INITB
SEND

A

DIGIT
#5P
SEND
8

WORD -
B

#CR
SEND
#LF
SEND
DELAY
LINE
A,B
INITZ2B .
MODEM

SEND
MODEM+1
#$4000
-1,Y
#0000
DELAY

IN]T28B
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GET CONSOLE STATUS
ANY OUTPUT TO SCREEN

‘WAIT FOR SOME

THEN SEND TO SCREEN
RESUME MONITORING =

b
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Transfering of the data can be done through following commands :

]

MCA TO SWTP 6809

READ - IN/out switch on MCA must be on PRINTER position
Type:. Control P C10& ‘
Turn the mode on MCA (master controle) to READ -IN/OUT position, then

Type: G

SWTP 6809 to CYBER o ' g
. /' “

Connect tée SWTP to the MODEM, then
Type: Control P C000 G
A Teletype is now acting as a termipal of CYBER -
Turn on the MODEM and press CR. n
| Open a new file in your computer account and then
Type: TEXT., wait for the respond
Type: Control Q
Transfer of data is noQ in process
Wait about 7 mind%es , then bress CR and
Type: Control C and wait.for ﬁhe'respoﬁd, and then

Save the file. ' f
‘h L3N
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APPENDIX D

Q

‘Isomer-Shift Scale for Fe57(14.4 Kev)

Sources and Reference Substances

S @ B 8 S @
3 g § 8 8 3 g
- % < s 9 c o
< H -+ + H
§ - 4 3 ~ o [
o = 3 Q - E 8 M
z € £ 2 g ¢ g8
| } |- l
l 1 4 o
SNP Cr SS PFC Fe ] Pd Cu Pt
| ! 1 L L1 1
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 04
ENERGY SHIFT (mm/sec) RELATIVE TO a-Fe
Notes:* Sources and absorbers at room temperature ¢$\\

SNP - sodfum nitroprusside (NaZFe(CN)sNO.éHZO)

SS - stainless steel ,

N PFC - potassium ferrocyanide (K4Fe(CN)5.3H20)

«-Fe is the normal form of metallic iron at room temperature,
.Imm/sec = 11,62478 *6.00004MH2 |

The: follgwing example f1lustrates the use of this figure.

According to the figure, the excitation energy from the
ground §tate than the first excited state of Fed7 1is less when ’
the Fe3/ {s in stainless steel than when it is in copper. In
velocity units this energy g;ffereﬁce s 0.225+0.09:0.315mm/sec.
Thgs the isomer shift of Fe in stainless steel relative to
Fe37 gg copper is -0.315 mm/sec5 or, conversely, the fsomer shift
of Fe?’in copper relative 'to Fe in stainless steel 1is
+0.315 mm/sec.




