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Abstract-To explain the large values ofthe quadrupole splittings and line widths in the Mössbauer spec­
trum of oxybiotite, a formalized analysis of the distribution of effective charges in the anion network was 
conducted using an idealized model of the biotite octahedrallayer. Based on this analysis, a qualitative 
physical model has been proposed, according to which the Mössbauer spectrum consists of a superposition 
of six quadrupole doublets. The proposed model explains the appearance of residual magnetization weil 
below the biotite decomposition temperature. Annealing the biotite at 10700 K leads to the formation of 
nuclei of the magnetic phase in chains consisting of RH and vacancies. This phase is the decomposition 
product of biotite at 1370oK, i.e., a ferrispine1 having Fe2_ xMgAlxO. (x = 0.5-0.6) composition. 

Key Words-Biotite, Ferrispinel, Mössbauer spectra, Oxybiotite, Thermal decomposition, Thermomag­
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INTRODUCTION 

Investigations ofhydroxyl-bearing silicates and their 
dehydroxylated derivatives show some general fea­
tures in their Mössbauer spectra. Typical features of all 
oxysilicates, i.e., compounds resulting from the trans­
formation of silicates which originally contained hy­
droxyl groups and iron in its bivalent state, are large 
values ofthe quadrupole splitting ~ (about 0.9-1.3 mml 
sec) andline width(r = 0.7 mrn/sec) for Fe3+ ions, e.g., 
oxychlorite (Belov et al. , 1974), oxybiotite (Ivanitskiy 
et al., 1975), andoxyamphiboles (Ernstand Wai, 1970). 
In contrast, silicates such as montmorillonite, illite, and 
glauconite, in whose structures the Fe3+ ion is coordi­
nated by oxygen ions and hydroxyl groups, have visible 
~s in the range 0.3-0.5 mrn/sec (Taylor et al., 1968; 
Weaver et al., 1967; Plachinda et al., 1974). 

The correlations between dehydrogenation and the 
~ and r values have not yet been analyzed thoroughly. 
In the literature available there is only the general con­
clusion that an increase in degree of distortion of an 
iron-containing octahedron occurs on dehydrogenation 
(Belov et al., 1974; Ivanitskiy et al., 1975; Ernst and 
Wai, 1970; Taylor et al., 1968; Weaver et al., 1967; 
Plachinda et al., 1974). 

To explain the large values of quadrupole splittings 
and li ne widths in the oxybiotite Mössbauer spectrum, 
a formalized analysis of the distribution of effective 

charges in the anion network is considered in the pres­
ent paper, using the idealized model of the biotite oc­
tahedrallayer. The investigation of structural peculiar­
ities of biotite during oxidation is of significance by 
itself, but at the same time it is important for under­
standing the mechanism of the high-temperature 
(13700 K) decomposition processes. Also, if a reason­
able solution to the biotite problem can be formulated, 
the same methods could be applied to other hydroxyl­
bearing silicates. 

EXPERIMENTAL 

A sampie ofbiotite from a pegmatite of the Baryshev­
ski granites (Ukrainian Shield) was used in the exper­
iments. The chemical analysis is presented in Table 1.1 

The measurements were carried out using a Möss­
bauer spectrometer with a constant acceleration elec­
tromechanical drive and a NTA-512M multichannel 
analyzer. C0 57 in a Cr matrix was used as a source. The 
halfwidth ofthe absorption line in sodium nitroprusside 
(thickness = 10 mg Fe/cm2

) was 0.29 mrn/sec. 
Natural polycrystalline biotite and its transformation 

products, obtained after annealing the original mate-

1 The sampie and its chemical analysis data were kindly sup­
plied by A. V. Sukhorada. The water content was determined 
by V. L. Kofman using infrared spectroscopic methods. 
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Table 1. Chemical analysis of the biotite investigated. 

Oxide SiO, AI,O, FeO MnO MgO CaO Na,O K,O P,o, H,O 

Wt. % 33.92 1.74 17.36 7.54 14.36 0.22 8.63 0.62 0.35 9.10 0.10 3.70 

rials at different temperatures (from 3700 K to 13700 K) 
for various times were investigated. Biotite and its high 
temperature products were also analyzed by thermo­
magnetic and X-ray powder diffraction (XRD) meth­
ods. 

A crystallochemical formula of the biotite sampie 
was calculated from the chemical analysis on the basis 
of 12 (0, OH). In addition the Fe3+/FeH ratio was con­
sidered to be equal to 0.19 ± 0.02 (Voitkovskiy et al., 
1975), as obtained from the spectrum of a biotite single 
crystal; the dependence ofhydroxyl content on the un­
compensated charge in octa- and tetralayers was also 
taken into account (Warren, 1972). The resulting crys­
tallochemical formula is as follows: 

(KO.9INao.U5CaO.05) 
(Mg 1.01 Fe I.UR 2+ F eO.28 3+ Alu.24Mno.ol Tio.IOD 0.28) 
(Si2.67AII.33)0 1O.2( 0 H) 1.8 

RESULTS 

Natural biotite and oxybiotite 

The Mössbauer spectrum (Figure la) of the poly­
crystalline biotite studied in the present work can be 
interpreted as a superposition of the two quadrupole 
doublets from FeH ions and one doublet from Fe3+ ions 
(Voitkovskiy et al., 1975; Bagin et al., 1976). The 
doublet with ~ = 2.62 mrn/sec is attributed to Fecis2+ 

ions, which are situated in the more distorted cis-oc­
tahedra, and the doublet with ~ = 2.24 mrn/sec to 
Fet/+ ions in the less distorted trans-octahedra 
(Pol'shin et al., 1972) (see Table 2). Taking into con­
sideration the difficulties in the determination ofparam­
eters for the part of the spectrum corresponding to the 
Fe3+ ions, as evidenced by the spread of the data avail­
able in the literature (see Table 3), the temperature de­
pendence of the polycrystalline spectrum was investi­
gated in the 80o-1000oK temperature range. A sampIe 
was placed in a tightly c10sed container (limited access 
of air), and the spectra were obtained after maintaining 
the sampIe for 2 hr at each particular temperature. As 

shown in Figure Ib, c, and d, with increasing temper­
ature there is an increase in the intensity of the peak, 
which is the right-side component of the doublet from 
Fe3+ ions. This indicates an oxidation of the biotite. 

Simultaneously, an increase in the resolution of the 
left-side component ofthe total biotite spectrum can be 
observed at temperatures above 4000 K. This enables 
the doublet from Fe3+ ions to be identified and char­
acterized with the following parameters: 8 = 0.29 ± 
0.02 mrn/sec2 and ~ = 1.23 ± 0.03 mrn/sec. This inter­
pretation is justified by the fact that the value of the 
quadrupole splitting of the part of the spectrum as­
signed to Fe3+ cations remained practically constant 
with increasing temperature. As should be expected, 
at the same time a strong temperature dependence of 
~ for FeH ions was observed. This analysis of high­
temperature spectra allows one to reach the conclusion 
that the left-side component of the doublet from Fe3+ 
ions in the spectrum of the original polycrystal should 
be found in the negative velocity region. Analysis ofthe 
spectra also showed that the sign ofthe asymmetry pa­
rameter for the Fe3+ components is opposite to that 
from the FeH doublets. Parameters for the Fe3+ ions in 
this biotite sampIe are given in Table 2. The values of 
these parameters were used later for establishing the 
degree of oxidation of sampIes annealed at different 
temperatures . 

A completely oxidized biotite was obtained by heat­
ing the polycrystal in air at 8700 K for 5 hr. Hs Möss­
bauer spectrum consists of a doublet with significantly 
broadened lines (r1/2 - 0.7 mrn/sec) from Fe3+ ions and 
the opposite asymmetry of components compared to 
the spectra of the original sampIes (Figure 2). ~ = 
1.34 ± 0.03 mrn/sec, and 8 = 0.55 ± 0.02 mrn/sec. The 
formation of only one phase, i.e., the oxidized biotite, 
as a result of heating in air at 8700 K was confirmed by 

2 To obtain the value i) with respect to ex-Fe, a value of 
-0.154 mrn/sec should be added to the reported values, both 
in the text and in the tables. 

Table 2. Mössbauer parameters of natural biotite polycrystal at T = 293°K.' 

FeCiS2+ Fetr2+ Feoct
3+ 

a ~ r a ~ r a 8 r Fec\/+/Fet /+ 
Absorber mm/sec mm/sec rom/sec mmJsec mm/sec mm/sec mm/sec mm/sec mm/sec ratio 

Polycrystal 2.58 1.34 0.42 21.3 1.34 0.42 1.23 0.29 0.62 1.90 ± 0.02 

1 d = quadrupole splitting; i) = isomer shift; r = width of line at half height; the error in determining i) and r is ±0.02 
mrn/sec, dis ±0.03 mrn/sec. i) here and elsewhere was determined with respect to C057 (Cr). 

https://doi.org/10.1346/CCMN.1980.0280304 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1980.0280304


190 Bagin, Gendler, Dainyak, and Kuz'min Clays and Clay Minerals 

J>f.10-~ 

n 

8.3 

8.i 
a) 

-1 o +1 +2 

Figure 1. Mössbauer spectra of (a) biotite polycrystal at T = 
293°K; (b), (c), and (d) biotite polycrystal at T = 500oK, 
700oK, and lOoooK, respectively. 

thermomagnetic and XRD analysis. Oxidation appar­
ently occurs as follows: 

2Fe2+ = 2Fe3+ = 2e-, and 2(OH)-cryst + 2e­
= 202- + H 2i (Ismail, 1970). 

As a result, 1here is a change in the environment of the 
iron ion, i.e., the anion composition becomes homo­
geneous, and aredistribution of effective charges in the 
immediate neighborhood of the Fe3+ ion takes place. 
Also, the isomer shift for the Fe3+ ions increases with 
an increase in the degree of oxidation of a sampie (Fig­
ure 3). This reflects the increase in ionic character of 
the cation-anion bond as the destruction of hydroxyl 
groups takes place during oxidation. 

Before analyzing the characteristics of the effective 
charge distribution within the limits of the nearest 
neighbors of Fe3+ in the biotite octahedral sheet, it is 
necessary to note the following: (1) the interpretation 
of the oxybiotite Mössbauer spectrum as a superposi­
tion of the two doublets corresponding to Fe3+ ions in 

.: ...... : ....• :.: ........ :. 
'" 

.. ' 

Figure 2. Mössbauer spectra of fully oxidized biotite poly­
crystal at T = 293°K. The iron density in the sampie was 3.2 x 
10-3 mg/cm2 • Line halfwidth is equal to 0.68 ± 0.02 mmJsec. 

cis- and trans-octahedra is inadequate because the 
doublet components are significantly broadened (0.46 
mmJsec compared with 0.29 mmJsec for the sodium ni­
troprusside standard), and (2) the Fecis3+/Fetr ratio of 
the original biotite. 

Analysis of the formal effective charge 
distribution in the anion network of 
the biotite octahedral sheet 

For simplicity, the ideal biotite composition, i.e., 
K(Si3Al)(R3_/+ R(2/3)/+Dy/3)OulOH)z, where y ;;. 0, 
was used for the analysis, and the octahedral sheet of 
biotite was considered to be composed of regular ac­
tahedra. Thus, this layer schematically could be treated 
as overlap of two networks, i.e., an anion network 
formed by regular hexagons and a cation network com­
posed of regular triangles , with every point in the anion 
network located above or below the center of a triangle. 
Based on Pauling's electrostatic valency rule, adefinite 
charge can be assigned to every position in the anion 
network.3 The oxygen anion charge, which remains 

3 Here a formal effective charge refers to apart of the anion 
charge, which corresponds to each one ofthe surrounding cat­
ions. 
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Figure 3. Dependence of Ö for Fe3+ ions on the relative FeH 
ion content in biotite. 
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Figure 4. The model of the octahedron layer of biotite investigated at 5 ~ V ~ 7;. = R3+, 0 = RH, 0 = Vacancy,. = 0 2
-, 

o = OH-. The octahedrons containing FeH and 0 are blackened and shaded, respectively, to underline the chain configura­
tions. 

uncompensated from O-Si linkage in the tetrahedrons, 
is equal to -1, and is distributed among the three cat­
ions situated in vertices of the triangle. Thus, acharge 
formally related to the oxygen ions in the network is 
equal to -V3. The hydroxyl group shares its valency of 
-1 with three cations only, i.e., acharge related to the 
hydroxyl group in the network is also equal to -V3. If 
one of the points in the cation network is represented 
by a vacancy, the charge of the nearest anions becomes 
equal -~. When a "dry" oxidation of biotite takes 
place, the increase in the Fe3+ ion content is accom­
panied by the loss of hydroxyl groups. It follows from 
the kinetics ofthe newly-formed Fe3+ ions that they are 
surrounded by oxygen ions only. Consequently, a point 
which previously had acharge of -~ should now be 
assigned acharge of -?3. In the presence ofOH groups 
and in the absence of vacancies, the arrangement of 
effective charges surrounding the cation is isotropic, 
but in the presence of vacancies and/or hydroxyl defi­
ciency, the cation surroundings become anisotropic. 

To determine for the original biotite all the possible 
configurations in the octahedral charge distribution and 
their relative concentrations, a model of a biotite oc­
tahedral sheet (Figure 4) has been constructed using the 
above crystallochemical formula and the methods de­
scribed by Krzanowski and Newman (1972). This 
method is based on Pauling's electrostatic valency rule, 
application of which to the structure of trioctahedral 
mica allows formulation of criteria, according to which 
the total valency of V cations in vertices of the tri angle 
should satisfy the following relationship: 5 ~ V ~ 7. 
Such a construction first of all excJudes electrostati­
cally prohibited combinations such as R3+R3+R3+, 
R3+R3+R2+, or ROD and, secondly, it leads to combin­
ing Fe3+ and 0 into chains having a certain configura­
tion with ordering of Fe3+ and in cis- and trans-octa­
hedra, respectively. (RH = Al, Ti, Fe3+; RH = Mg, 
Mn, Fe2+; 0 = vacancy.) 

In constructing the octabedral sbeet model of the in­
vestigated biotite, tbe diodochy of R3+ or RH cations 
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Table 3. Mössbauer parameters of Fe3+ ions in biotite (from literature). 

Cation ~ (mrnlsec) 8 (mrnlsec) Reference 

Fe3+ 0.63-1.08 0.52-0.62 Yakovlev et al., 1973 
Fe3+ 0.52 0.75 Haggstrom et al., 1969 
Fe3+ 0.76 0.63 Ivanitskiy et al., 1975 
FeCiS 3+ 0.50 0.61 
Fetr3+ 0.57-0.78 0.85-0.92 } Manapov and.oSitdikov, 1974 
Fetetr 

3+ 0.36-0.50 0.32-0.36 
Fecis 3+ 0.43-0.65 0.76-0.91 } Annersten, 1974 
Fetr"+ 0.74-1.17 0.78-0.51 

was not considered. Consequently, in order to deter­
mine the relative proportion of Fe3+ ions in a given con­
figuration, the crystallochemical formula and the 
Fecis2+/Fetr ratio (= 1.68 ± 0.02) of original biotite 
(Voitkovskiy et al., 1975) were used. The results of 
analysis for all the possible configurations of charge 
distribution in octahedra, which coordinate the Fe3+ 

Table 4. Possible configurations of octahedral charge dis­
tributions for FeH. 

1 
I5om~ri.~m C.ha.~es SUi"yoLlndi./1,9' 

~EQI=I te'Qq,(i + }'f21 

RetQ.t~ve 
ofoctahedrolt. (~OI1:~9lu.r~~~ weLghJ of 
i.it ßlotLte conH9UnlÜott. 

~~ e"a. i 
(2) 

cLS !Ir. L3'6 
OA4 

Ü5 ..f- e2tl1 O.OZ 
~ 0,.7'3 
] 

oafo cis 0 0.01 

cis -afo-.f.oaf. e20. i 
a,öLJ'b MO 

ci..s o~ eto. i 
<tilJ'~ 0.02. 

ci..~ ~ ~i 050 'Vi .-L3 3 

~ ce> -~ e'a i 0.05 

::t ~öLf2; 

Cl 

..f-,~~ ~'~H o.oi 

t"",. ~ .Ra z 
~ö L"3 0.2.9 

1 0 = -!1J; • = -Y:z; @ = -'%; L = distance from center 
to top of octahedron. 

2 qo is a constant that takes into account the value of the 
effective charge in the lattice and the real distortion of oc­
tahedra. The determination of qo in analytical form is a spe­
cial problem which is why the values of t!.EQ obtained in this 
work cannot be used for the ca1culation of absolute values 
of the field gradient. 

cation in the original biotite, are given in the upper part 
of Table 4. In oxidized biotite (lower part of Table 4), 
the total number of such configurations is the sum of 
previously existing Fe3+ ions and vacancies in chains, 
as weIl as from those newly formed as a result of de­
hydroxylation. 

After revealing all possible configurations of the ef­
fective charge distribution, which coordinate the Fe3+ 
ions both in biotite and in oxybiotite, one can utilize the 
additivity of the electric field gradient (EFG) and cal­
culate ~ in a point-charge approximation (Clark, 1971; 
Galkin et al., 1973) for each configuration: ~ = 

V:ze2qQ(1 + 'Y/2/3)1/2, q = VzZ> 'Y/ = (Vyy - Vxx)NzZ> 
where 'Y/ = asymmetry parameter of the EFG tensor, 
and V xx, V yy, V zz = principal components of the EFG 
tensor. 

On cakulating EFG, the octahedra were assumed to 
be regular with a cation-anion distance being equal to 
L. It is clear from Table 4 that inhomogeneous electric 
fields, when acting upon'a Fe3+ nucleus in the biotite 
octahedral sheet, give rise to six values of the quad­
rupole splitting the magnitudes ofwhich are in the ratio 
1/6:1/20:1/3:1/3:1/2:2/3' The line intensities of the corre­
sponding doublet ~re proportional to relative weights 
0.10,0.02,0.50,0.01,0.05, and 0.29, respectively. In 
the biotite structure, the total electric field gradient on 
a Fe3+ nucleus is made up of a contribution from the 
anisotropic charge distribution plus the geometrical 
distortion ofthe coordination octahedron. A peculiarity 
of the doublet having a weight of 0.29 lies in its corre­
spondence to Fe3+ ions in the former biotite trans-oc­
tahedra, whereas all the other doublets correspond to 
Fe3+ ions in configurations which were formed from cis­
octahedra. Since the cis- and trans-octahedra in biotite 
differ somewhat in size and have different degrees of 
distortion (Drits, 1971), one can assurne that in oxybi­
otite these purely geometrical differences are con­
served. Thus, analyzing the data' of the oxybiotite spec­
trum (EVM) , the magnitudes of the doublets whose line 
intensities are proportional to 0.01,0.02,0.50,0.01, and 
0.05 can be put in the ratio 1/6,1/20,1/2,1/3, and 1/2, but 
the ~ value with line intensities proportional to 0.29 
should not be limited so strictly. 

The result of analyzing the oxybiotite Mössbauer 
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-t 

Figure 5. The result of resolution into Lorentzian curves of 
the experimental Mössbiluer spectrum of oxybiotite within the 
framework of the model described in the text. Doublets A" 
A" Aa , A., and A5 correspond to FeH ions in cis-octahedra. 
The corresponding ß values (in the ratio '/6:'/,0:'/3:'/2:'/3) are 
equal to 0.60, 1.05, 1.24, 1.88, and 2.48 mm/sec, respectively. 
Doublet B corresponds to FeH ions in trans-octahedra and 
its ß value, varied independently, is equal to 1.78 mm/sec. 

speetrum aeeording to this model using a "MIR-I" 
electronic computer is represented in Figure 5. The 
sampie was positioned sueh that the angle between the 
direetion of y-quanta propagation and a line normal to 
the sampie surfaee was 55° in order to eliminate texture 
effeets (Pfannes and Gonser, 1973). Tbe best value of 
X2 is obtained at r 1/2 = 0.39 mrn/see and when ß from 
Fetr

3+ ions is equal to 1.78 mrn/sec. As shown in Figure 
5, there is a good agreement between the experimental 
speetrum and a theoretical eurve which covers the six 
quadrupole doublets. Thus, the analysis of the biotite 
octahedral sheet strueture with respect to the formal 
effeetive eharges in the anion network enables one not 
only to explain a large value of quadrupole splitting in 
the oxybiotite spectrum, but also to eonstruct a model 
whieh gives a quite satisfactory interpretation of the 
large line width. In addition, as shown in Table 4, even 
in a single crystal of biotite the majority of charge con­
figurations in the elose vieinity of Fe3+ ions is aniso­
tropie; in a polycrystal their number increases because 
of a partial oxidation (Voitkovskiy et al., 1975; Bagin 
et al. , 1976). As a result, the ß value for Fe3+ even in 
an unaltered polycrystal is large (1.23 mrn/sec). This 
means that the octahedrallayer ofbiotite contains some 
oxybiotite nuelei. Taking into consideration a smooth 
dependence of 0 for Fe3+ ions on their relative content 
in biotite, it can be coneluded that transformation of 

1,0 

0,5 

zoo 300 500 pe 

Figure 6. Dependence of residual saturation magnetization 
on temperature for a biotite sampIe heated in air at T = 10700 K 
for 30 min. 

biotite into oxybiotite (in a polycrystal) is a gradual one. 
(According to our preliminary results, the process of 
oxidation in thin (30-50 /-Lm) single crystal plates ofbio­
tite occurs in steps.) 

High-temperature decomposition 01 biotite 

The data on the high-temperature deeomposition of 
biotite ean serve as further evidence for the model pro­
posed, whieh is based on the analysis of structural char­
acteristies of the biotite octahedral sheet. 

According to Tsvetkov and Val'yashikhina (1956), an 
endothermic peak occurs in the 1270-14700 K temper­
ature range in differential thermal analysis curves for 
a large coltection ofbiotites. The present results prove, 
however, that a magnetie phase develops after a short 
period of heating (30 min) at 10700 K. This is evidenced 
by the appearance ofthe residual magnetization, which 
is absent in the original, unheated biotite. The temper­
ature eurve ofthe residual magnetization saturation, I rs , 

for the newly formed phase is shown in Figure 6. Char­
acteristicalty, both Mössbauer spectroseopy and XRD 
indicate (as in the case of a sampie heated to 8700 K) an 
oxidized biotite phase only. These results beeome elear 
in considering the fact that the mechanisms of the de­
hydroxylation in RRR and RRD coordination are ba­
sically different (Vedder and Wilkins, 1969). In the first 
case, loss of a hydroxyl group occurs in accordance 
with the electron-proton exchange, wh ich does not re­
quire destruction of the mica structure. In the second 
case (on eonsidering the ordering ofvaeaneies in trans­
octahedrons), condensation of hydroxyls can occur 
through the vacancy with consequent removal of H2ü, 
which implies some destruction of the structure. 
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Figure 7. Dependence of residual saturation magnetization 
on temperature for biotite after heat-treatment in air at T '" 
1390oK: 0 = for 10 min; 0 = for 2 hr; 6. = for 21 hr. 

Dehydrox;ylation near vacancies takes place at 
higher temperatures than those required for the elec­
tron-proton transformation (Vedder and Wilkins, 
1969). Both temperatures, however, are sufficiently 
below those causing biotite decomposition. In the bio­
tite sampie investigated, dehydroxylation near vacan­
cies apparently takes place at about 1070°K. It leads to 
the formation of mono- and polydomain clusters of a 
new phase, which pos ses ses some residual magneti­
zation, in long chains consisting of RH cations and va­
cancies. Because these dioctahedral fragments are 
small compared to the trioctahedral matrix of the mica, 
they are below the sensitivity limit for Mössbauer spec­
troscopy. The insensitivity of XRD to the new phase 
is due to its being "fixed" in a much larger (compared 
to the new phase) octahedral sheet ofbiotite, which had 
not experienced substantial changes during the oxida­
tion process. 

After annealing the original samples of biotite at 
1390oK, the new magnetic phase is clearly observed by 
both Mössbauer spectroscopy and XRD, as weH as by 
thermomagnetic analysis. The thermomagnetic analy­
sis curve of I rs for the phase which was formed after 
such a heat treatment (Figure 7) is very close to the I rs 

vs. temperature curve in Figure 6. A sudden drop of I rs 

at 370-390oK is characteristic for both curves, and 
there is more than a 9000 decrease in I rs • The shapes 
of the thermomagnetic analysis curves tend to be con­
cave. Repeated thermomagnetic analysis on I rs pro­
duces a curve which is practically identical to the 
original one. This indicates stability of the newly 
formed magnetic phase within the 293-470oK tem­
perature range during the hour·Iong experiment. An 
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18.6 

13.8 

16.2 
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Figure 8. Biotite Mössbauer spectra at 293°K after heat. 
treatment in air at T = 1390oK; (a) for 10 min (in the middle 
of spectrum one can clearly observe the peaks corresponding 
to the preserved biotite); (b) for 2 hr; (c) for 21 hr. 

increase in heating time of the original biotite at 
13900 K does not change the shape of the I rs thermo· 
magnetic curves (Figure 7). 

The temperature dependence of the saturation mag· 
netization, I rs ' in a field of 2100 oe practically repro­
duces the thermomagnetic curve on I rs . Thus, atem· 
perature of 370-395°K, corresponds to an abrupt break 
in the curves which can be identified as the Curie tem­
perature of the magnetic phase, formed during biotite 
decomposition. 

Formation of the new phase can be clearly observed 
on examining the Mössbauer spectra. After only 10 min 
of heating the original biotite at 1390oK, one can ob­
serve a small depression in the background in addition 
to the doublet ofunaltered biotite (Figure 8a). The for­
mer is characteristic of the relaxation spectra of mag­
netle compounds near the Curie point or for the finely 
dispersed superparamagnetic partleles close to mono-

https://doi.org/10.1346/CCMN.1980.0280304 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1980.0280304


Vol. 28, No. 3, 1980 Cation ordering and thermal decomposition in biotite 195 

domain sizes. At 77°K, in addition to the biotite dou­
blet, one can elearly observe the hyperfine magnetic 
splitting with an effective field H eff equal to 472 Koe 
(Figure 8a). Heating for 2 hr at 13900 K leads to the dis­
appearance of biotite lines and appearance of a para­
magnetic doublet having 0 = 0.43 mm/sec and ß = 
0.69 mm/sec (Figure 8b) on the background of the un­
resolved hyperfine structure. The doublet disappears 
when the temperature is decreased to 77°K, and a six­
component spectrum having good resolution appears 
(Figure 8b). After 21 hr ofheating biotite in air, a spec­
trum with a well-resolved magnetic structure and H eff = 

483 Koe can be observed even at room temperature 
(Figure 8c). This indicates that a process ofpartiele en­
largement takes place. The major part of the magnetic 
phase of the sampie is now represented by polydomain 
partieles, whereas the central doublet corresponds to 
the superparamagnetic partieles. 

The results of XRD investigations of biotite sampies 
annealed at 13700 K are in agreement with those ob­
tained from the Mössbauer measurements. After only 
10 min of heating, one can observe a set of diffraction 
maxima which may be indexed according to the fee lat­
tice of spinei, in addition to a diffraction pattern due to 
biotite. An increase in heating time results in a gradual 
disappearance of the diffraction' pattern of biotite and 
the appearance, in conjunction with the reflections 
from the same spinel phase, ofleucitereflections. The 
lattice constant a of the spinel is 8.26 A. 

On analyzing the results of the present investigation 
on the formation of the magnetic phase during high­
temperature decomposition ofbiotite and the results of 
other investigators (Sharma et al., 1973; Blyasse, 
1968), one can determine the composition ofthis spinei: 
Fe2_ xMgAlx0 4 (x = 0.5-0.6). This was discussed in 
detail by Bagin et al. (1976). 

The present work, therefore, enables one to follow 
a process of the formation of magnetic ferrispineI dur­
ing the high-temperature biotite decomposition, stage 
by stage. Hs formation begins at 10700 K in dioctahedral 
fragments of the biotite octahedral sheet, as evidenced 
by the appearance of the residual magnetization in the 
sampies annealed at this temperature. The newly 
formed particles ofthis phase have a domain structure, 
but their quantity is smalI. At 1390oK, the number of 
particles increases dramatically with their size distri­
bution depending on the duration ofthe heat treatment. 
In addition to the presence ofthe polydomain partieles, 
a considerable quantity of finely dispersed particles of 
a superparamagnetic size or having a size elose to that 
of monodomain particles is present. 

CONCLUSIONS 

The analysis of structural characteristics of amica, 
intermediate between di- and trioctahedral varieties, 
that was carried out on a theoretically synthesized bio-

tite octahedral layer, proved to be valuable in inter­
preting the results of investigations of the process of 
high-temperature biotite transformations. Based on 
this analysis, a physical model has been proposed, 
which enables satisfactory interpretation of the large 
line widths and quadrupole splitting in the Mössbauer 
spectrum of oxybiotite. The approach described here 
can be used to explain the appearance of the residual 
magnetization long before the biotite decomposition 
temperature is reached. Annealing biotite at 10700 K 
leads to the formation of magnetic ;phase nuelei in 
chains consisting of FeH ions and vacancies. This 
phase, which is a product of biotite decomposition at 
1370oK, is a ferrispinel having the following composi­
tion: Fe2_ xMgAlx0 4 , where (x = 0.5-0.6). 
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Pe3IOMe-,IJ:IDI o6bSlcHeHHSI 60JIblllHX 3Ha'leHHH KBai\pynOJIbHoro paCll\enJIeHHSI H nOJIYIllHpHHbl JIHHHH 
B Mecc6ayapoBcKoM cneKTpe OKCH6HOTHTa, B i\aHHOH pa60Te npOBOi\HTCSl aHaJIH3 pacnpei\eJIeHHSI 
tPOPMaJIbHblX atPtPeKTHBHblX 3apSli\OB B Y3JIaX aHHoHHoH ceTKH JlJlSI ßi\eaJIH3HpOBaHHoH MOi\eJIH OK­
Taai\pH'IeCKOrO CJIOSI 6HOTHTa. Ha OCHOBe aToro aHaJIH3a npeJlJlaraeTCSl tPH3H'IeCKaSI MOi\eJIb, COrJIaCHO 
KOTOPOH Mecc6ayapoBcKHH cneKTp oKcß6HOTHTa npei\CTaBJISIeT c060H cynepn03Hl\HJO weCTH i\y6JIeTOB 
KBai\pynOJIbHOrO paCll\eOJIeHHSI. npei\JIO)f(eHHaSi MOi\eJIb n03BOJISIeT 06bSlcHHTb B03HHKHOBeHHe OCTa­
TO'lHOH HaMarHH'IeHHOCTH 3aAOJIrO i\0 TeMnepaTYPbl pacnai\a 6HOTHTa. OT)f(Hr 6HOTHTa npH 10700 K 
npHBOi\HT K 06pa30BaHHJO 3apOi\blllleH MarHHTHOH tPa3bl B l\enO'lKaX, COCTOSlll\HX H3 R3+ H BaKaHCHH, 
SlBJISlJOll\eHCSl npOi\YKTOM pacnaAa 6HOTHTa npH 1370oK. 

Resümee--Um die großen Werte der Quadrupol-Aufspaltungund der Linienbreiten im Mössbauerspektrum 
von Oxybiotit zu erklären , wurde unter Verwendung eines idealisierten Modells der Biotit-Oktaederschicht 
eine formalisierte Analyse der Verteilung der effektiven Ladungen im Anionen-Netzwerk durchgeführt . 
Aufgrund dieser Analyse wurde ein qualitatives physikalisches Modell vorgeschlagen, nach dem das Möss­
bauerspektrum aus einer Überlagerung von 6 Quadrupol Dubletten besteht. Das vorgeschlagene Modell 
erklärt das Auftreten von Restmagnetisierung weit unter der Zersetzungstemperatur des Biotits. Glüht man 
den Biotit bei 1070oK , so führt das zur Bildung von Keimen der magnetischen Phase in Ketten, die aus R3+ 
und Leerstellen bestehen. Diese Phase ist das Zersetzungsprodukt von Biotit bei 1370oK, d.h. einem Fer­
rispinell mit der Zusammensetzung Fe2_ xMgAlxO. (x = 0,5-0,6). [U.W.] 

Resume-Pour expliquer les valeurs elevees des scissions quadrupolaires et des largeurs des droites dans 
le spectre de Mössbauer de l'oxybiotite, une analyse formalisee de la distribution de charges effectives 
dans le circuit des anions a ete faite, utilisant un modele idealise de la couche octaedrique de la biotite. Sur 
la base de cette analyse, un modele physique qualitatif a ete propose, selon lequelle spectre de Mössbauer 
consiste en une superposition de six doublets quadrupolaires . Le modele propose explique l'apparition de 
magnetisation residuelle bien en dessous de la temperature de decomposition de la biotite. Si on tempere 
la biotite a 1070oK, on obtient la formation de noyaux de la phase magnetique en chaines consistant de R3+ 
et de vides. Cette phase est le produit de decomposition de la biotite a 1370oK, c.a.d., un ferrispinel de 
composition Fez_xMgAlxO. (x = 0.5-0.6). [D.J.] 
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