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This review concerns some works on thermal and radilation
effects in iron minerals which are potentially usefull for geolo-
gical dating. | _ »

There are only a few of such works among the limited num
~ber of M8sshaucr spectroscopy studies of irradiated ironm miner~ls.
Moreover until now only at most correlations between M8ssbhbauer
spectra and geological dating have been suggested.

For these reasons, our purpose is to emphasize. the pos-
~sible applications t6 geochronology of MBssbauer studies of ther-
mal and radiation effects in minerals, a field which has been
practically unexplqred. '

From radiation damage studies in solids we know that in
general two kinds of effects can be observed: :

a) physical effects: such as atomic displacements, formation of
vacancies and :other lattice defects; - |

b) chemical effects: radiolysis, with the formation of free radi
cals and appearsnce of new chemical species.

Both eflfects arise from direct energy transfer by colli
sions and by licnization and excitation of atoms and molecules
when the irradiating particle passes through the solid.

It is also welil known that thermal effects can either
compete with radiation effects (annealing) or, in many cases, si-
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mulate the radidtion effects. Thus, vacancies can be c:eafed in

many solids either by radiation og»by heating. Thermal decompo-

sition of complex‘moleéules frequently leads to the same chemi -
cal species obtained by radiolysis.

‘The possibility of application of MUssbauer spectrosco—
py for dating procedures arises from the same pr1nc1ples on
which’are based a number of geochfonological mgthods. In such

'methods‘ as for instancé in thermdluminescence' one measures the
radiation effects which accumulates in. the solid by the intensi-
ty of the light emitted when the sample is heated at high tempera
tures. The electrons which are responsible for the emission of
light are located in sites which remain stable at temperatures .
far above the ambient temperature. Otherwfse the ﬁemorf of the
radiation effect would be .bleached by the temperature fluctuat-
ions of the environment. ‘ _

The radiation effects which manifest themselves in the
Mdssbauer spectra, must be accumulative and also not sépsible to
temperature variations as discussed above. In order to .be use-
full for geochronology, other processes in the mineral Should
not compete with the radiation éffects. For'example with some
type of micas the same effects are observed by irradiation or iu
-the weathering process of the mineral. Since it is not poss¢b1e
‘to distinguish between both contributions to the changes occuring
in the mineral, no dating method can rely on such effects.

One of the first studies which-attempt to correlate
geological time with MBssbauer hyperfine parameters 1s repor rted
in the work of T.V. Maiysheva and collaborators with glauco -
nites(l)(z)(s). |

These studies are based on the fundamental observation
that order-disorder phenomena which occurs in minerals should be
age dependent. The measurement of the age depcndence is within
the possibilities of MUssbauer spectroscopic measurements.

Real crystals and in particular minerais,'present de -
fects in the solid lattice. The degree of ordering in the vici-
nity of iron atoms in grains c¢f these sclids is dependent on the

concentration of defects, which is a function of the temperaturc.



In an isothermai'process one expects a spontaneous decreasé in
the number of defects around the iron atoms with time, since the
free energy of the crystal decreases with decreasing number of
defects. The decrease in the number of defects arises from their
migratioh in the lattice towards the surface of the crystal. For
this reason the number of defects: at the vicinity of an iron
atom decreases according to the diffusion rate of the defects in
the mineral at room temperature, since we are considering non
heated minerals. The'rate‘of diffusion is so slow that the orde
ring process around the Fe ions proceeds on the geological time
scale(z). ’

‘The value of the electric field gradient acting at the
iron nucleus is a function of the number of defects which are
present at a given moment-in the first, second, etc..goordina -

(2)

quadrupole splitting and the linewidth as a function of time, at

tion spheres As a consequence one expects a decrease of the
a rate depending on the spontaneous ordering around the iron ions
by the diffusion mechanism described above.

The work.of Malysheva et al was done with thermally. un-

3* a1,

disturbed glauconites of general formula (K,Na,Ca) (Fe
Fe2+,'Mg2+)(Si,Al,Ti)(OZ_XOHX).nHZO. o

The age of these minerals can be determined by the argon-
potassium méthod, which also gives. information on the degree of
geological disturbance of the minerals, since the Ar/K ratio is
temperature dependent. ' _

The MUssbauer spectrum of glauconites shows a marked de
pendence on the history of the mineral. The undisturbed minerals,

which did not warm up above 100°C, exhibit a partially resolved

3+ 2+

intense doublet due to Fe with a small contribution of the Fe
ions (Fig. 1). |

The results obtained by Malysheva in minerals with ages
varying fromvlos to 109 years shows that the quadrupole splitting
and the linewidth of the Fe3+ ion exhibit a tendency to decrease
with time. About 26 of such samples were measured and a linear
decrease of few percent on the value of hyperfine interactions at

X . . - . - -~
the Fe ion 1s obsecrved (Fig. 2 and 3). This is in the order of

- Lem.chel
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magnitude of the expected effect due to diffusional migration in
the crystals. |

| We have.investigatéd the'possible influence of radiation
effects in the order-disorder processes 1n iron minerals.

It is clear thatrthé'possibility of.using Mélyshe?a re-
sults for dating measurements requires that other facto:s do not
interfere with the slow diffusion process of the defects in the
crysﬁals. | , | . .
Radiation effects, either by direct influence on the

atoms or by creating new lattice defects; cén in principle inter—
fere with the kinetics of the diffusion process. |
In order to see if this is a real cause of interference
we choose the orthopyroxene silicate minerals as an ideai sYstem
for the study of radiétion effects in the ordering process of
the Fe.atoms(4). ; - | h
The order-disorder relation in the distribution of iron
and magnesium atoms over two'or more sites in crthopyro;enes is
a frequent subject of investigation and detailed knowledge of
such systems is available(s).A The conditions of ideality (in
‘thermodynamical sense) of this system allows one to use the

(6)

We have studied the effects of electron irradiation (2

Fe-Mg distribution as a basis for gecthermometry measurements

MeV electron beam) on orthopyroxenes which have been previously

investigaﬁed-by X~-Ray diffraction and MYssbauer spectroscopy(é).
The samplés were irradiated at low temperatures with

the minerals immersed in liQQid nitrogen, and with electron dosis

up to 5000 Megarads. The MUssbauerrspectrum was measured in or-

der to detect any alteration on the distribution of FeZ+ jons at

the two sites M, and M, of the orthopyroxenes.

A smal% effeci was observed, wnich decayed in time even
at the low temperatures in which the samples were irradiated and
kept for a few days. This effect is not due to‘a modification of
the FeZ+,distribution in the mineral. It has been attributed to
the formation of a transient state at the M, site and is probably
due to an excited chiarge state of the,F62+ ion which decays to

. .. . .0
1ts original conf1gurat10n‘4).



It appears from this result that, as has been pre#iously
observed with many soiids, atomic'displacements less frequently
occur by the electron irradiétion; Punctual defects such as va-
cancies or excited4elecffonic states are usually created in the
radiation procéss and their annealing behaviour Varfés ftom one
system to other. '

Thus, in many studies w1th iron compounds one frequently
observes that oxidation and reduction processes occur in the so-
lid as radiolytic effects( ). Depending on the composition of
the solid, one can observe elther an oxldatlon or a reductlon of
the iron species, or even competition of both processes.

| In order to establish a dating procedure on such radio-
lytic effects it 1is flrst necessary to determ:ne if these oxido-
reductions do not anneal at room temperatures and if similar
electron transfers do not occur by geochemical processes other
than radiation. If so, one can attempt to base a dating proce-
dure on the ratio of oxidized to reduced iron states in the mine
ral, by comparison with some standard unirfadiated sample.

This 1is the work of V.P. Ivanltskly, I.V. Matyash and F.
1. Rav1ch with samples of blOTlteS(g)

The effects of irradiation with Co-60 gamma-rays in the-
se type of micas were invéétigated in order to‘comparé'with sam-
ples which occur in contact with uranium minerals. It is assumed
that the artificial irradiation simulates therdamage that arises
in the micas associated with the uranium ores.

The overall effect of irradiation of biotites is an OX1
dation of F82+ to PeS+. The mechanism for suchvoxidation is as-
sumed to be a defect formation of 0  ions from the radiolysis of
the OH of the mica. | |
5 However, what is relevant for our purpose is that the
Fe>" ' ‘

positions, as compared with the unirradiated samples.

affected by radiation shows MUsshauer lines at different

A detailed analysis of the MBssbauer spectra of the unir

radiated and irradiated biotites indicates that the radiation in-

34 .
duces a FeII quadrupotle doublet which-corresponds to the prefe-
rential oxidation of Fe in-the trans-octzhedral site as compa-

) . 2+ . . . . . . .
red to the Fe occuring in the cis-octahedral site in the mi ~



cas (Fig. 4).
‘The iron in biotite. in contact with uranium minerals
differs from that in ordinary biotite by presenting a relatively

3+ which is located

large amount of Fe%;. By assuming that the Fe
in this site arises exclusively from radiation effects the au-

thors caléulatéd the age of the biotite sample. Thus an artifi-
cial dose of 2.5 x 1010

an uranium ore for 2.5 x 108 years) is sufficient to convert 8%

rad (equivalent to the dose delivered in,
of the F92+ to the Fe%; trivalent state. Since the amount in the
Fe%; site from the biotite around a typiéal ore'was'found to be
. larger by a factor of 7 it indicates an age of 7 x 2.5 x 108 =
= 1.75 x 109years. | R

The'oxidaticn of biotite by radiation has been confirmed

(9)

ratio of composition were irra-

by the work of V. Drago, E. Baggio Saitovitch and J. Danon
Biotites with different Fe2+/Fe+3
diated with 2 MeV electrons at low temperatures anu at room tem-
perature. In all cases it is always'an oxidation of Fez+ to Fe3+
which occurs. The Mdssbauer sﬁectra of these micas (Fig. 5) do

.

not exhibit annealing at ‘room temperature. The hydrogenation of

the samples regenerate the original amount of Fez+ ions in the
micas. | :

- The .use of protons as an irradiation agent also leads to
an oxidation of .the iron in biotites, as has been recently demons
trated by MUssbauer speéfroscopy(lo).

In the work of Drago et al a carefull compafison with
thermal effects has been made. The conclusions are that heating
the micas leads to the same oxidation effect observed with irra-
diation. It is thus important for dating purposes to ensure that
the oxidation process observed in biotite does not arise from the
fact that the samples were subjected to high temperatures during
their geological history. Other geochemical process with bioti-
tes also leads to the oxidation of Pe2+‘ions, which again intro-
duces difficulties for establishing dating procedures on the oxi
dation ratio. ‘ -

In last work which we will discuss is based on the re -

sults of R, Scorzelli, T. Baggio Saitovitch -and J. Danon on elec
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tron irradiation of tourmalines.

The tourmalinc mineral is a boroh-aluminum silicate in
which iron is a substitutional impurity.

The thermal and radiation behaviour of black tourmalines
of the Schorl type which contains a relatively high amount of
iron (few percent), was investigated by MBssbauer spectroscopy

(11)

The MYssbauer spectra of all samples exhibited two qua-

o C e s . s - i ) +
drupole splittings, with isomer shifts corresponding to an Fe%

and the results reported in a recent publication

doublet with much larger intensity and a broadened inner Fe%;
doublet (Fig. 6). The amount of Pes+ was found to be less than
1%. '

The area ratio of the two doublets was found to vary in
large proportions among samples of different origins.

_ The MUssbauer spectra obtained with a black tourmaline
submitted to an increasing dosis of radiation with 2 MeV elec-
trons are illustrated in Fig. 6. It can be seen that the major
effect of the irradiation is to increase the area of the inner
doublet. These effects do not anneal at room temperature.

The origin of the inner doublet in these tourmalines was
attributed to radiation effects in the mineral(lz). The wide va-
-.riation of the area ratio of the two doublets in tourmalines from
‘various origins would be due to different dosis of radiation
absorbed by the minerals during their geological history.

On this basis one could expect.to find a correlation
between the area ratio and the age of the tourmalines.

Preliminary results obtained with 4 samples are listed
in Table I. The age measurements correspond to argon-potassium
dCtOrljnaLIOP on the feldspath roch in which tourmalines are
found.

The small number of cases investigated until now does
not allcew a definite conclusion about the validity of the corre-
lation between the area ratio of the iron doublets and the age

*®

of the tourmalines .

*We are assuming that the samples have been SBmtted to comparable average

annual radiation dosis.The determination of the U,Th and K content of one of
our samples by g‘mua»pammd coinclidence SpECl)OaCOp led to a total internal

dosis of about 0.6 s/vear,

LI
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Conclusions

The analysis of the few studies on the possibilities of
using the M8ssbauer effect in geochronology reveal that the
subject 1is still in development and no reliable method has yet
been proposed for such purpose. . _ '

‘ The correlations between hyperfine-interactions of the
MUssbauer spectroscopy and geological time observed in some iron
minerals may eventually be a basis for geochronological procedu-
res. However, in order to achieve such aim it is necessary to
make a clear distinction between radiation effects and other fac-
tors such as thermal annealing, weathering process etc.

A better compreheﬁsion of the electronic process and
crystal effects envolving the iron MUssbauer probe in minerals
when subjected to’ thermal and rédiation effects is required in
order to establish a sound basis for such methods. - _ .
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TABLE |

A} % A2 % Age
. . (Years)
Quter Doublet inner Doublet K/Ar
A 6
66.57 33.43 570 x 10
83.68 16.32 447 x 10°
' 6
89.93 10.07 495 x 10
~ 95,00 < 2,00 255 x ]06

Area 6f MBsshauer outer doublet A] and inner doublet A

Zm

percentage for tourmaline samples of ages measured by the

K/Ar method




