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The M6ssbauer spectrum of a ferrian muscovite 
and its implications in the assignment of 

sites in dioctahedral micas 

B. A. G O O D M A N  

The Macaulay Institute for Soil Research, Craigiebuckler, Aberdeen, AB9 2QJ 

StJ~ARY. A muscovite that contains iron almost entirely in the ferric form has been studied by 
M6ssbauer spectroscopy. It is established that Fe ~+ ions in the sites with cis hydroxyl groups have 
similar parameters in both muscovite and biotite. By assuming that Fe ~+ ions will also have similar 
parameters for these sites in both minerals the M6ssbauer results of other workers have been re- 
interpreted. This new interpretation, which is in complete agreement with the X-ray structural 
analysis of Radoslovich (I96O), indicates that in muscovite the sites with cis hydroxyl groups are 
filled in preference to those with trans hydroxyls. These sites are occupied primarily by trivalent ions. 
There is possibly a preference for divalent ions by the unique sites with trans hydroxyl groups, but 
occupation of these sites appears to occur only when the other sites have been filled. 

DETAILED M~3ssbauer spec t ra  of  two muscovi tes  h a v e  been repor ted  by  H o g g  and  
M e a d s  (I97O). In  bo th  o f  these spectra  there was a large con t r ibu t ion  f rom Fe  2+ and  
the results  were in terpre ted  in terms o f  a large preference o f  ferrous  i ron  for  the  unique  
oc tahedra l  site, which is usual ly  cons idered  to  be vacant  in d ioc tahedra l  micas.  Other  
workers  (e.g. Bowen et  al. ,  I969; M a l d e n  and  Meads ,  1967) have fai led to  resolve 
peaks  f rom more  than  one oc tahedra l  site, poss ib ly  because  o f  low i ron  contents ,  
o r ien ta t ion  effects, or  insufficient t ime t aken  for  the accumula t ion  o f  the  data .  F o r  one 
o r  more  o f  these reasons  no  o ther  ass ignments  o f  sites in the MOssbauer spect ra  o f  
d ioc tahedra l  micas have been made .  

I n  this pape r  the M6ssbaue r  results  for a muscovi te  conta in ing  i ron  a lmos t  exclu- 
sively in the  ferric fo rm will be presented.  Argumen t s  will then be given which favour  
an a l ternat ive ass ignment  to tha t  o f  Hogg  and  Meads  for  the ferrous  peaks  in the 
M6ssbauer  spect ra  o f  muscovites .  F i n a l l y ,  the order ing  processes tha t  occur  in 
muscovi te  will be discussed in terms o f  this  new ass ignment  o f  the sites. 

Experimental .  T h e  ferrian muscovite was obtained from Varkleivneset, Sogn, Norway 
(Askvik, I972). Its X-ray powder pattern indicated a muscovite 2M structure, and chemical 
analyses gave 4"93 % Fe~O3 and o-o2 % FeO. M6ssbauer spectra were recorded on 
a conventional constant-acceleration spectrometer (Harwell Scientific Services, Didcot), 
employing an Ortec Model 62oo multichannel analyser operating in the multiscalar mode. 
Spectra were accumulated in 512 channels of the analyser. A 57Co (in Pd) source of nominal 
strength 25 mCi was used with a xenon-methane proportional counter as v-ray detector. 
Velocity calibration was carried out with a high-purity metallic iron foil using the data of 
Preston et aL (I962). The resulting spectra were fitted over 5o6 channels using a least-squares 
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computer programme assuming Lorentzian line shapes. A parabolic base line was assumed 
and X 2 was used as a goodness-of-fit parameter. For a statistically acceptable fit X 2 is required 
to lie between the 1% and 99 % limits of the X ~ distribution, i.e. between about 43o and 575 
for 5oo degrees of freedom. 

Absorbers (containing 3 nag iron per cm z) were prepared by thoroughly grinding equal 
weights of the sample and alumina in an agate mortar. This was necessary in order to prevent 
preferential orientation of the crystals. 

Resul t s  and discussion. The M/Sssbauer spectrum of the ferrian muscovite at room 
temperature is shown in fig. I. A similar spectrum was obtained at 77 ~ Satisfactory 
values for X 2 were obtained by fitting each spectrum to I doublet, values of 456 and 

3,12J~ 

�9 

TT 

r 

-2.0 -1.0 0 1.0 2,0 S~O 

VELOCITY ( r a m  see  -1 ) 

Gr x 0 o 

FIGS. I and 2" FIG. I (left). M6ssbauer spectrum of ferrian muscovite at room temperature. The 
unbroken line represents the computer fit to the data assuming only one doublet with equal area 

and half widths for both components. FIG. z (right). A simplified mica structure. 

496 being obtained from the data from absorbers at room temperature and 77 ~ 
respectively. The spectra are interpreted as arising from Fe 3+ ions, there being a 
complete absence of any lines that might be attributable to Fe 2+ (Bancroft et  al., 
I967), as would be expected in this sample with a ratio Fe 2+ : Fe 3+ of  only ca. o'oo5. 
The results from these spectra are presented in Table I together with some results on 
different mica samples obtained by other workers. 

In this paper the octahedral sites in micas have been labelled according to the 
following convention: MI  is used to indicate the sites coordinated to four oxygens 
and two hydroxyl groups in a cis arrangement about the metal and M2 is used for the 
site with trans hydroxyl groups (see fig. 2). Thus this MI  site is comparable to the MI  
site in amphiboles and the Me site equivalent to the amphibole M3 (see, e.g., Deer et  
al.,  I963). This convention has been used in the past by Goodman and Wilson (1973) 
and by Yassoglou et  al. (I972). However, the opposite convention, using M2 for the 
site with cis hydroxyls and MI  for the site with trans hydroxyls, has been used by 
Annersten (1974); in Table I his results are presented using the former notation. 

In the precise X-ray structural analysis of a muscovite containing 2.29 % F%O~ 
(Radoslovich, I96O), the octahedral cations were shown to occur almost exclusively 
in the MI sites with the M2 sites vacant. The mean metal-oxygen distance for the MI  
sites was measured by Radoslovich as 1.95 A, but the mean vacancy-oxygen distance 
for the M2 sites was appreciably higher at about 2-2 A. On the basis of  Radoslovich's 
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results the Fe z+ in the muscovite studied in this work must be assigned to the MI sites. 
Similar parameters (Table I) were obtained by Goodman and Wilson (I973) for Fe z+ 
in the same sites in a series of weathered biotites, although in the unweathered sample 
it was not possible to separate and distinguish the Fe 3+ lines from the two types of 
octahedral site. Annersten (I974) needed Fe a+ ions in both types of octahedral site to 
obtain satisfactory computer fits of  the spectra from a series of  natural biotites. 
However, in all his samples a large percentage of the total iron was in the Fe z+ form 
and in these circumstances it is not possible to obtain very accurate values for the Fe 8+ 
parameters for the two sites where the lines are not clearly resolved. The values 
quoted for Annersten's samples in Table I for the quadrupole splitting, A, are less and 
the corresponding values for the isomer shifts, ~, are greater than those in the paper 
referred to above (Goodman and Wilson, 1973). Similar values to those obtained in 
this work have been reported for the Fe 3+ component in muscovites (Bowen et aL, 
I969; Hogg and Meads, i97o), but in all of  these samples there was appreciable Fe z+ 
content. These authors used one Fe 3+ component in their computer fits but were 
unable to decide whether this iron was in one or both sites in the structure because of 
the difficulty in accurately determining the line shapes. 

In view of the similarity in the MSssbauer spectra of muscovites and biotites (Hogg 
and Meads, 197o) and the establishment that Fe 3+ in the MI sites has similar para- 
meters in both muscovites and biotites, it is reasonable to assume that Fe z+ will have 
similar parameters for the MI sites in both minerals. H~iggstrSm et al. (1969), by 
working with an iron-rich biotite, found that the amount of Fe 2+ with the larger value 
of  A was more than one-third of  the total octahedral sites, showing conclusively that 
this corresponds to Fe ~+ in MI sites. The Fe z+ component with the larger quadrupole 
splitting in muscovite should therefore be assigned to MI sites. This is opposite to the 
assignment used by Hogg and Meads (I97O), who assumed that divalent cations would 
be found mainly in the M2 sites, which had been shown by Radoslovich (I96O) to be 
larger than the M r sites in muscovite. 

The assignments presented above raise some important questions concerning the 
ordering of the octahedral cations in muscovite. Veitch and Radoslovich (I963) have 
suggested that small trivalent ions such as AP + and Fe z+ will occupy preferentially the 
smaller site (in this case MI), and divalent ions such as Fe 2+ and Mg ~+ will occupy the 
larger site (M2). The results from this work confirm that Fe z+ is found preferentially 
in the MI sites, but, if the assignments proposed above for Fe z+ are used with the 
results of Hogg and Meads, then there is also appreciably more Fe ~+ in the M I than in 
the M2 sites in both of their muscovites. Also, the MSssbauer parameters for both M I 
and M2 sites in muscovite are similar to those for the same sites in biotite, in spite of  
the differences in site sizes determined by X-ray diffraction (see e.g. Radoslovich 
0960) for muscovite; Donnay et aL (I964) for ferriannite, a trioctahedral mica that 
should have similar parameters to biotite for the octahedral layer). It  would appear 
that the large differences in size of the MI and M2 sites determined by X-ray diffrac- 
tion are principally the result of the different electrostatic interactions occurring when 
octahedral positions are occupied by a trivalent ion or a vacancy and that these 
differences in size are locally removed when the sites are occupied by Fe z+ . 



516 B. A. G O O D M A N  

r ~  

~  

~O 

~ 9 ~ . o  o0&o ~ 
& & & .~o  & b - b , h  ~ ,h ,~o  &~ ,o  

~ ' ~o~  o ' ~  o ' ~ ' ~o  ~'o ~ o  ~  o o . . ',.o . r - . . . .  , ~  �9 ' �9 (b 

~ o ~ o  
6 ~ b ~ b b  

b ~ 1 7 6  b b ~ 1 7 6 1 7 6  b b ~  ~ 

~ . o 0 O  o . . . . .  ~ o ~ o ~ ~,~,r  ~ 
- I ~- , oo  D.-.oo . ~ �9 I'--- . ~.h',.o oo  �9 oo  �9 

d~ 

�9 

o , . c~  

"~ ~ e~'~ ~Bo.~ ---- 
"~'~ ~ ~ 
0 0 ~  ~ � 9  

~ 0 , ~  . . . . . . . . . . .  

o 

o = ,~ o~ 

~ o 

o 

~ ~o 

o 

�9 ~ "c~ ,-~ 

~ ' -  o ~ = =  I ~ :  ~ 

~ '~ ' . ~  o o ~ . ~  



A F E R R I A N  MUSCOVITE 517 

The muscovites I and 2 in the paper by Hogg  and Meads  (197 o) can be formulated 
R+(Si6.16-,1.s4Jt 1 - ~  ato3+, R2+)bO~0(OH)~, where for sample I a = 1"87, b = 4-o5, and 
R 2+ = o.23, with Fe 2+ = o.I 3 and Fe 3+ = o'24; for sample 2 a = 1.8o, b = 4"15, 
and R 2+ = o'44, with Fe 2+ = o.Io and Fe 3+ = o'37. Using the assignments discussed 
above and  the data  o f  Hogg  and Meads, the area ratios determined by M6ssbauer 
spectroscopy for M1/M2 are 3"9 and 4"6, for  samples 1 and 2 respectively. I f  Fe 2+ is 
representative O f the divalent ions the M6ssbauer results indicate that  about  2"3 % in 
sample I and 4 ~o in sample 2 o f  the M2 sites are occupied by divalent ions. I f  the M I  
sites are completely filled then the M2-site occupancy predicted f rom the analytical 
results is o-o5 for  sample I and o'15 for  sample 2, i.e. about  2"5 % and 7"5 % respec- 
tively. The percentage errors involved in bo th  the M6ssbauer  area measurements for  
overlapping lines and the analytical determination o f  (b--4-o) for these muscovites 
must  be high. I t  does, however, appear  that  an appreciable amount  o f  the M2 sites 
that  are occupied contain divalent ions. The ordering processes in muscovite can then 
be summarized thus:  the M t  sites are filled preferentially; occupat ion o f  the M2 sites 
occurs if there are cations in excess o f  the requirements of  the M1 sites; and of  the 
occupied sites divalent cations may be concentrated in the M2 sites and trivalent 
cations in the M I  sites. 
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