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S U M M A R Y ' .  Unit-cell dimensions and refractive indices of lithium-iron micas decrease with decreasing 
iron and increasing lithium. Indices/3 and y as well as parameters a and b can be used to estimate 
the composition of lithium-iron micas but basal spacing and 2 V~ are poor indicators of composition. 

The chemical composition of natural lithium-iron micas from the Krugn6 hory and the Erzgebirge 
along the Czechoslovak--German border was discussed in Part A of this study (Rieder et al., 
I970). It was concluded that the composition and crystallography of these micas fit best the series 
siderophyllite-polylithionite. The compositions were expressed by the ratio A' = LR/(LR+'Fe'). In 
this expression, LR is the subscript value of Li or octahedral R 3+ (whichever is the smaller) in the 
crystallochemical formula, 'Fe' is the sum of the values in the formula of Fe 2+ and Mn ~+. A' therefore 
defines the position of a particular mica on the siderophyllite-polylithionite join. This paper deals 
with the correlation between composition, cell dimensions, and refractive indices. 

Cellparameters. A s tandard  non- integra t ing Buerger precession camera  was used with 
Mo-K~ and  Cu-Kc~ radiat ions .  Row spacings were measured  according to  the pro-  
cedure p roposed  by  Buerger (I964) and conver ted  into cell data .  High  accuracy o f  
the  process  was ensured by  ca l ibra t ion  o f  the camera  with analyt ica l -grade sodium 
chlor ide  with a = 5-6402 A at  26 ~ (Swanson and Fuyat ,  I953) and na tura l  quar tz  
f rom Lake  Toxaway,  New York ,  with a ---- 4"9131-4-o'ooo2 A,  c ---- 5.4o47:ko-ooo 3 A,  
V =  I I 2 " 9 8 2 ~ o ' o o 7 / ~  3 at  2 3 •  ~ (Huebner ,  1967). F i lms  were corrected for  
shr inkage or  expansion by  measur ing the distance between two pairs  of  f iducial  dots  
recorded  on every pho tograph .  

Single-layer cell da t a  for  the micas studied are summar ized  in a table  avai lable f rom 
the Depa r tmen t  o f  Minera logy ,  British M u s e u m  (Na tu ra l  History) ,  London ,  S.W. 7- 

Plots  o f  a and  b against  A ~ (figs. I,  2), outl ine near- l inear  t rends tha t  slope steeply 
towards  the l i thit tm-rich composi t ions ,  a and  b can be used to  est imate the compos i t ion  
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FIG. I. Parameter a (b of 2M2) of natural l i thium-iron micas plotted against A'. Letters C, E, F, G 
refer to samples in deposited table. A, B--refined powder data for synthetic annites (Wones, 1963); 
D--single-crystal data for sample no. 44 (Ross et al., I966). Cell parameters for sample no. 45 from 
Munoz, I966. Ordered micas are shown by solid circles, micas with other structures by open ones. 
The dotted lines are regression curves for all data (u: a = --o-o03A'2--o'161A'+5.365) and for data 
for ordered micas (v: a = --o'oz3A ' 2 - o ' I  32A'+ 5"358); sample no. 30 was not  considered in either 

case. 
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FIG. 2. Parameter b (a of 2M~) of natural lithium-iron micas plotted against A'. Data of Povilaitis 
and Organova (I963) are plotted on the same grid. Symbols as in fig. r. Regression equations: 
u: b = o'o33A'2--o'336A'+9"3oI, v: b =--o.o4zA'~--o.z74A'+9.29o; sample no. 3o was not 

considered in either case. 

o f  l i th ium-i ron micas,  bu t  the  es t imate  suffers f rom some bias. The mode l  o f  the 
ordered  structure (Rieder,  1968) requires tha t  a and  b o f  ordered  micas be smaller 
t han  those of  d isordered micas (annite,  t r i l i thionite  ?). Regression curves for  a and  b 
were calcula ted separate ly  f rom all da t a  and f rom the da ta  for  ordered  micas, and 
the difference, a l though stat ist ically no t  significant, is in the predic ted  direction.  
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The plot of A' against d00N, where N is the number of layers in the repeat of a poly- 
type (Rieder, I968) shows splitting, which can be explained by octahedral ordering of  
micas on the siderophyllite-polylithionite join. The large spacings are interpreted as a 
product of octahedral disorder, the low ones, of octahedral ordering. Like a and b, 
dooN is bigger for iron-rich micas than for lithium-rich ones, and consequently so is the 
cell volume V/N. The splitting of d00~ - invalidates this parameter (and V/N) as an 
indicator of composition. 

Optical data. The refractive indices fl and 5' were measured by the double-variation 
method as modified by Melka 0 9 6 0  and together with 2Vcr are given in table I and 
figs. 3 and 4. Because different flakes were used for 2V and refractive index measure- 
ments some discrepancies occur such as/3 va 5' when 2V~x z O. 

Like the cell parameters, refractive indices increase with increasing 'Fe' proportion 
in the octahedral sheet (see also Kunitz, I924). The spread of points in fig. 3 does not 
suggest that refractive indices vary with octahedral order or disorder. Indices/3 and 5' 
are easy to measure and their unbiased relation to composition makes them a valuable 
means of estimating composition. For this purpose, a second-order regression of  
composition on indices/3, 5' was calculated as well as 95 % confidence limits (fig. 3)- 

The plot of 2V= against composition (fig. 4) suffers from a large scatter. 2V~ 
increases with increasing lithium, but the relationship (observed by Kunitz, I924, 
and by Sitnin and Razina, I963) is obscured by twinning and polytypism, which lower 
the axial angle. 

Optical adjustments of the mica crystals before X-raying verified that the/3 of the 
untwinned monoclinic structures is parallel to the b axis except for crystals of 231/1 
from one sample (4I), whose optic axial plane is perpendicular to (oIo), as in mus- 
covite. The 2V~ of this sample falls into two groups, both of which are lower than 
the 2V, of micas with similar composition (fig. 4). The orientation of the optic axial 
plane and the size of the 2V~ indicate the unusual character of this lepidolite. 

Discussion. X-ray and optical data for synthetic lepidolites and X-ray data for some 
synthetic ferruginous micas have been obtained because few natural micas of such 
compositions are available. Data for synthetic ttuor-zinnwaldite (labelled G in figs. 
I and 2) are also included for comparison. Figs. 2 and 3 include the data on lithium- 
iron micas given by Povilaitis and Organova (I963). In both figures, their data are in 
a reasonable agreement with ours. 

Optical data for micas from Zinnwald and Altenberg as given by Gottesmann 
(t962) are plotted in fig. 3, and outline a markedly different trend although our micas 
I, 16, 22, 23, and 35 come from the same localities. It is impossible to explain the 
difference although it is tempting to ascribe it to anomalies in Gottesmann's analyses: 
two of them are anomalously high in silica and all five too high in alumina. It is not 
possible to decide whether the analyses are in error or whether all represent unusual 
micas. 

In Part A of this study, the composition of mica no. 3o was shown to be either 
unusual or contaminated. Contamination with common greisen minerals such as 
quartz or topaz does not affect the ratio A', and so the fact that the cell parameters 
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FIG. 3. Refractive indices/3, ~, of natural l i thium-iron micas (solid circles) plotted against A'. The 
dashed line is a corresponding regression curve (A' = 46"I82(/3, 7) 8 -  I57"686(/3, 7 )+  r34"478). The 
correlation coefficient is a highly significant --o'98o. The dotted lines are drawn at -t-2S about 
the regression line and serve for prediction of composition (A' ratio) from refractive indices/3, 7. 
S ~ = s2+var  u~(x), where s 2 is variation about the regression and var u~(x) is variance of a point 
on the regression (for formulas see, for example, pp. 25o-t of Guest, I96I). On the same grid are 
plotted the data of Povilaitis and Organova (t963) and Gottesmann (t96z). The dash-and-dot line 

is a linear regression line for Gottesmann's 0962) data. 
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FIG. 4. 2 I1= of natural lithium-iron micas plotted against A'. Universal stage measurements are shown 
by open rectangles, optic-axial-goniometer measurements, by solid ones. 
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and refractive indices of  no. 3o do not  fall in line with those o f  the remaining micas 
on the plots shows that  this mica is genuinely different f rom other l i thium-iron 
micas studied. 

Cell data for two crystals f rom samples nos. I4 and I7 deviated substantially f rom 
the trends in figs. I and 2. Cell data for other crystals f rom those samples are 'normal ' ,  
thus proving compositional heterogeneity o f  the samples. The cell data o f  the crystal 
f rom sample no. 14 are close to those o f  a muscovite (reflections o6 /wi th  l even are 
strong, like those o f  a muscovite). I f  this muscovite is an intrinsic constituent o f  
sample no. I4 and in equilibrium with the l i thium-iron mica, it indicates a miscibility 
gap between muscovite and micas on the siderophyllite-polylithionite join. Cell 
parameters o f  one crystal f rom sample no. ~7 correspond to those of  a lithium-iron 
mica richer in iron. Data  for  these crystals were not  plotted in figs. I and 2, but  are 
available in the deposited table. These two cases demand that  even cell data that  
appear  normal be interpreted with caution. 

Acknowledgements. Dr. H. P. Eugster and Dr. G. W. Fisher read early drafts of the manu- 
script and suggested numerous improvements. Dr. M. J. Rutherford and Dr. J. L. Munoz 
made available unpublished data. Dr. S. R. Nockolds kindly supplied a sample of sidero- 
phyllite from Newcastle, Co. Down. The research was aided by NSF Grant GP-5o64 to H. P. 
Eugster, principal investigator; by the Johns Hopkins University, and by the 13st~edni fistav 
geologick~. All support is gratefully acknowledged. 

R E F E R E N C E S  

BtSERGER (M. J.), I964. The Precession Method in X-ray Crystallography. New York, London, Sydney 
(Wiley) [M.A. 17-I3I]. 

GOTTESMANN (B.), I96Z. Geologie, 11, II64-76. 
GUEST (P.G.), I96I. Numerical Methods of Curve Fitting. Cambridge (University Press). 
HUEBN~R (J. S.), I967. Ph.D. Thesis, Johns Hopkins University, Baltimore, Maryland, U.S.A. 
KUNITZ (W.), I924. Neues Jahrb. Min., Beil.-Bd_ 50, 365-413 [M.A. 2-424]. 
MELKA (K.), I96I. Rozpravy Cesk. Akad. Vgd, Rada Mat. P~irod. VSd, 71, seL 4, 2-59. 
MUNOZ (J. L.), I966. Ph.D. Thesis, Johns Hopkins University, Baltimore, Maryland, U.S.A. 
[PovILAmS (M. M.) and ORGANOVA (N. I.)] HO~rIAafiTHC (M. M.) rI OpranoBa (H. H.), I963. 

Tpyg~bi Mrm. My3ea A~a~. rmyK CCCP (Trans. Min. Mus. Acad. Sci. U.S.S.R.) 14, T4o-65. 
RIEDER (M.), r968. Science, 160, I338-4o. 
- -  HUKA (M.), KU6EROVA (D.), MINA~irc (L.), OBERMAJER (J.), and POVONDRA (P.), I970. Contr. 

Min. Petr. 27, 131-58. 
Ross (M.), TAKEDA (H.), and WONES (D. R.), I966. Science, 151, I9I-3 . 
[SITNIN (A. A.) and RAZINg (I. S.)] CriTHnn (A.A.) ~ Paarma (I/I.C.), I963. FeoxH~mz (Geo- 

chemistry), 695-9 [M.A. 16-633]. 
SWANSON (H. E.) and FUYAT (R. K.), I953. Nat. Bur. Std. U.S., Circ. 539, 2, 42-3 [M.A. 12-43o]. 
WONES (D. R.), 1963. Amer. Min. 48, ~3oo-zI [M.A. 16-56o]. 

[Manuscript received I5 April I97o] 


