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Abstract

A 3T lep ido l i te  w i th  compos i t ion  near  K , (A l , .uRo,L i3 rXSi?A l )Oro(F3OH) ,  a  :  5 .200,  c  -

29.76A, space group P3,12, has been ref ined from dif fractometer data using least-squares

methods. Octahedral cations are ordered on three sites: Ml has (Lio TAlo s), M2 has (Lio 'Alo r),
and M3 has (Lio.,Alor).  Ml is the trans octahedron. Signif icant bond-length dif ferences also

indicate tetrahedral ordering for the two independent tetrahedra. Zl has (Alo rsio 
"),  

and T2

has S i  on ly .  The o  and A va lues  o f7 .7o  and 0 .364 due to  te t rahedra l  ro ta t ion  conform to  the

empi r i ca l  re la t ion  o f  McCau ley  and Newnham (197 l ) .

Introduction

The lepidolite micas have proved an interesting
group for structural study, embodying, as they do, a
number of  s tack ing var iat ions and order ing arrange-
ments. These variations have helped to clarify struc-
tura l  re lat ionships which are important  to  the mica
group as a whole.  This repor t  summarizes a crysta l -
structure investigation of a lepidolite having a 3I
stacking arrangement and a composition well within
the poly l i th ioni te range.  Malcolm Ross of  the U.S.
Geological  Survey k indly  prov ided th is  sample,  U.S.
Nat ional  Museum specimen R4365,  which is  one of
Stevens '  (1938) samples f rom Coolgardie,  Austra l ia .

Content and symmetry of the unit cell

The composition of this mica as derived from
Stevens'  (1938,  Table I ,  anal .  14)  analys is  is :
(K,..nNao ,rRbo ,o) (Al, ,oMno ,rFe6 63Mgo o2Ti0 0rl i3.23)
(Si6 164.l1 on)Oro[(OH)o.rrFr.or]. This allocation as-
sumes the sum of the valences of all cations except
hydrogen wil l be 44. The composition in terms of
poly l i th ioni te,  t r i l i th ioni te,  muscovi te end members
(Foster ,  1960,  p.  116)  p laces th is  lep idol i te  c losest  to
the polylithionite end member, with a relative ratio
PL  84 .8 .  TL  12 .7 .  MS 2 .5 .

Symmetry and cell dimensions were determined on
0.5mm squares cut with a wire saw from the high-
qual i ty  0.1mm th ick mica sheet .  This  mica is  uniax ia l ,
which suggests that the symmetry is trigonal or hex-
agonal. Zero and first-level c-axis precession photo-
graphs are identical at intervals of 120' around the
dia l  ax is  and show the t r igonal  nature of  the mica.
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Precession photographs of levels perpendicular to the
trigonal (c) axis (a*a*) show sixfold symmetry on the

zero level and threefold symmetry on upper levels.
The a axes are chosen to be the 5.24, axes, consistent
with the practice of Giiven and Burnham (1967) in 3T
muscovite. The a*a* zero and upper-level precession
photographs show 2/m symmetry to be associated
with the (21.0) directions. Reflections of type 00/ with

I I 3n are systematically absent and indicate the
presence of a threefold screw axis parallel to c. The
above observations lead to a diffraction symbol of
3mP3, with the twofold axes normal to a, giving
possib le space groups P3'12 and P3r l2.  The exis tence
of reflections with indices simultaneously following
the rules (h - k) : 0 and (k + l) I 0 plus the
agreement between calculated and observed structure
factors along the (10/) row indicates that the crystals
are not twinned (Giiven and Burnham, 1967).

The cell dimensions as measured from precession

photographs are q : 5.205, c : 29.77 A'. Cell dimen-
sions determined on the single-crystal diffractometer
by least-squares methods are a : 5.2004 I 0.005 and

c : 2 9 . 1 6 A + 0 . 0 1 .

Experimental

Data for the refinement were recorded using mono-

chromatized MoKa radiation on a Picker single-crys-

tal diffractometer. The data set consisted init ially of

3400 observed and unobserved reflections. This triply

and doubly redundant set was reduced to 705 non-

equivalent reflections through the symmetry relation-
ships in  Laue group 3 (3 was used rather  than 3m )  and
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Tab le  I  Pos i t i ona l  pa rame te rs ,  i so t r op i c  t he rn ra l  pa rame te rs ,  and  mu l t r p l i e r  pa ramc te r s  l b r  3 f  l ep i do l t t e  The  sp l ce  g roup  i s  P - j , 12 .
and  t he  o r i g i n  i s  on  3 r l 2  Po tass ium i s  t he  f i xed  a tom i n  t h i s  acen t r i c  s t r uc tu re .  S tanda rd  dev ia t i ons  de r i ved  I ' r on . r  t he  l i l s t  r e f i ncn ren t
cyc l e  a re  i n  pa ren thes i s  and  re l e r  t o  t he  l as t  dec ima l  p l ace .  The  Wycko f f  no ta t i on  i s  i n  t he  pa ren thes i s  l b l l ow ing  each  a tom i den t i l y i ng

symbol

x  y  z  B  Mu l t . *

K ( b )
Mt  (a )

M2 (a)

M 3  ( a )

T 1  ( c )

T 2  ( c )

Oa (c )
ob  (c )

oH (c )

O c  ( c )
od  (c )

Oe (c )

0 .  1 t 1 1
o . 4 2 L ( 4 \
o . 7 7 9  ( 3 \
o .  L 2 L ( 2 )
0 . 7 a 6 7  ( 8 )
o .457 2 (8 ' ,
o . 7 7 7  ( 2 )
o.446 (2 ' , ,
o . 0 9 0  ( 2  )
o . 6 5 4  ( 2 )
0 . 1 2 0 ( 3 )
0 .  s 8 3  ( 2 )

0.  8889
o .  s79 (4 ' t
o . 2 2 r  ( 3 )
o .879 (2 ' , ,
o . 2 t 2 7  ( 7 1
0 . s 5 s 5 ( 8 )
o .  t 72  (2 )
o . 5 7  L  ( 2 )
0 . 8 6 4  ( 2 )
o . e 7 4 ( 2 )
o .426  (2 ' )
0 . 3 s o  ( 2 )

s/6
r/3
L/3
r/3
o .-d'ftd ( 1)
o .6qr  (1 )
0.63t9 (3)
0.0556 (3)
o. oTt3 (3)
0 .  1 r16  (2  )
0 . 1 0 7 6 ( 2 )
o. I r2 l  (3 )

r . 9 2  ( 4 )
r . 7 ( 3 )
0 . 0 3  ( 2 0 )
0 . s 2 ( s )
0 . 2 3 ( 5 )
r  E o  t a \

0 . 6  ( 1 )

o . 9  ( 2 \

o .  4 3  ( 9 )

1 . 4  ( r )
1 . 7  ( r )

2  . 2  ( 2 1

0 . 4 8 1  ( 3 )  * *

0 . 2 8  ( 1 )  * *

0 . 2 3  ( 1 )  * *

0 . 5 7 1  ( 5 )  * *

0 . 9 4 ( 1 )
0 . 9 8 ( 1 )
I
I

*MuIt. = multiplier refers to the scating of the scattering factor. For the M atoms a composite factor LL!/3^12/3
was used. Non composite factors for K, Si, md O were used for the other atoms.

**the interlayer cation and the octahedral cation are special positions and "half atoms" were used to compensate
for the symetry multiplication by ORFLS.

by omiss ion o l  unobserved ref lect ions.  Al l  ind ices
were transformed to either hkl or hkl and a card deck
printed. Most reflections were represented by three
data cards,  some by two.  From th is  card deck the
fo l lowing data were calculated:  ( l )  fo  values us ing
Lorentz polar izat ion correct ions;  no absorpt ion cor-
rections were included, (2) an average Fo for each
reflection, (3) a standard deviation for each Fo. de-
r ived f rom the mul t ip le observat ions of  each ref lec-
t ion. '  This  s tandard deviat ion was used in the weight-
ing of  the least-squares data.

Preliminary coordinates were derived from the re-
f ined st ructure of  l i th ian f luorphlogopi te (Takeda and
Donnay,  1966),  us ing a t ransformat ion matr ix  to
convert  the monocl in ic  l i th ian f luorphlogopi te
coordinates to the t r igonal  lep idol i te  coordinates.  Af-
ter  t ransformat ion the or ig in was t ranslated to 3112.
The atom designat ion for  the Coolgardie 3I  lep ido-
l i te  fo l lows that  used by Gi iven and Burnham (1967)
in their refinement of a 3T muscovite, except that the
octahedral  cat ions are designated by M and renum-
bered so that M(1) is the trans octahedron and M(2\
and M(3) are crs octahedra.

The scattering factors were derived from Berghuis
et al. (1955). A "mixed atom" factor consisting of l/3
L i  and 2/3 Al  was used in the octahedral  posi t ion.
During the refinement the octahedral, tetrahedral,
and interlayer cation scattering factors were scaled by

l  To obtain a copy of  these data,  order Document AM-79_06g
from the Business Ol ice,  Mineralogical  Society of  America,  1909
K Street ,  NW, Washington,  DC 20006. p lease remit  $100 in
advance for  the microf iche

a modi f ied ORFLS least-squares program to f i t  the
actual  atom populat ion in  a g iven s i te  more precisely .

During the first f ive cycles of refinement the struc-
ture was ref ined in space group P3r.  The R value
converged at  0.103,  and i t  was apparent  f rom the
corre lat ion matr ix  that  atoms that  would be re lated
by the twofo ld ax is  in  P3r l2 were not  behaving inde-
pendent ly .  Hence ref inement  was cont inued in space
group P3,  12,  and the R value reached 0.106 wi th in a
few cycles.  A large improvement  in  R came as the
resul t  o f  the in t roduct ion of  the weight ing factors
based on the standard deviat ions computed dur ing
the reduct ion of  symmetry-equivalent  data.  (Note
that  we could have reduced the number of  data fur-
ther  than was done,  s ince the ref inement  was com-
pleted in  space group P3,12 instead of  P3r .  However,
the doubly redundant  data consist ing of  705 ref lec-
tions were used for the complete refinement.)

The R value reduced to 0.047 after l6 cycles. The
f inal  parameters f rom th is  cyc le are in  Table l .  Bond
distances and errors were computed from these data
using ORFFE, and are l is ted in  Tables 2 and 3.  The
computer programs used in this study were from the
l ibrary of  the crysta l lographic programs used by the
crystallographic group of the Department of Chem-
ist ry  at  the Univers i ty  of  Wisconsin,  Madison,  under
the superv is ion of  L.  F.  Dahl .

Discussion

Octahedral ordering

The average octahedral cation-to-oxygen bond
lengths are significantly different for each of the three
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Table 2.  Octahedral  bond lengths and angles.

Ang te (o )  a t  Ang te ( " )  a t  Ang le ( ' )  a t
Atm Dis tmce meta l  a tom(s) Atom Distance metal aton(s) Atm Distance metaL aton(s)

MI-Oa
-UD
-oH

Mea

2 .  300  (8 )
1 .8s2  (9 )
1 . 9 s 6  ( 8 )
2 . 0 3 6 ( 5 )

M2-Oa
-ob

Mea

M3-Oa
-ob
-oH

Meil

MI M2
3 . 0 6 3 ( 8 )  8 3 . s ( s ) , 9 0 . 9 ( s )
2 . 7 4 4 ( L 2 \  9 2 . 1 ( 6 ) , 8 1 . 8 ( 6 )
2 . 8 5 t  A 9 . 2  8 4 . 8

shared Edges

Oa-Obx2 2 .  653 (8 )
oH-oH 2 .733 (L4)
Mean 2.646

t42 M3
7 7 . 7  ( 6 )  , 9 I . O ( 6 )  o a - o H x 2
8 r . 5 ( 6 ) , 8 4 . 8 ( 6 )  O b - O b
79.O 88.9  Mean

1 .  8 0 5  ( 8 )

1 . 9 2 9  ( 8 )
2.026 (9',)

M3
2 . 7 r r ( r o )  9 3 . 2 { 5 )
2 . 7 9 7 ( r 2 )  9 3 . 5 ( 6 )
2 . 9 0  5  9 4 . 5  ( 6 )

2 . 8 0 4  9 3 . 8

MI  M3
2 . 5 2 8 ( 1 1 ) ' 1 2 . 4 ( 6 ' ' , e 2 . 4 ( 6 )
2 . 6 4 4 ( 9 )  9 r . 1 ( s ) , 8 6 . s ( 5 )
2 . 5 6 1  1 4 . 6  8 3 . 8

METAI,-OXYGEN

2 .  r s o  ( 9 )
2.O97 (Lr ' ,
2  . 0 9 3  ( 9 )
2 .  1 t 3  ( 6 )

OXYGEN-OXYGEN
Unshared Edqes

oa-ob (2x)  3 .292 (L2 ' ,
o a - o H ( 2 x )  3 . 1 0 0 ( 1 2 )
o b - o H ( 2 x )  3 . 1 8 5 ( 1 2 )
Mean 3 .792

o a - o b ( 2 x )  3 . 0 3 1 ( r 2 )
oa-oH(2x)  3 .L2 I (L2)
o b - o H ( 2 x )  2 . 9 2 e ( L s l
l, leil 3,027

M1
9 3 .  I  ( 6 )
9 4 . 0 ( 6 )
1 0 0 . 4  ( 6 )
9 5 . 8

ttt2
1 0 1 . s ( 6 )

9 8 . 9  ( 6 )

0a-ob{2x)
oa-OH (2x)
Ob-OH (2x)
Mean

Oa-Oa
Ob-OHx2
Meil

AIoms Dlstance

crysta l lographical ly  independent  octahedra in  th is
s t ruc tu re :  M( l ) :  2 .037 (5 ) ,  M(2 )  :  2 .099 (6 ) ,  M(3 ) :
1.919(5) .  The octahedral  composi t ion is  f rom Ste-
v e n s '  (  1 9 3 8 )  a n a l y s i s :  ( A l 2  , o L i a . 2 s M n o  , r F e o  o ,
Mgo o ,Tio.6r) or hereafter (A12 sol-ia.%Ro.14).

The bond lengths for  L i - (O,F) ,  AI- (O,F) ,  and

Table 3 Bond lengths and 
TiJnl""l,r. 

tetrahedral layer and the

R-(O,F)  wi th O/F o l  0.74/0.26,  as calculated f rom

Shannon and Prewi t t  (1969),  are 2.100,  1.887,  and

2.18A. The order ing pat tern der ived f rom these bond
lengths (Table 3) can be compared with the ordering
pattern derived from the scattering-factor refine-

ments done on each octahedra by the least-squares
program. The scattering factor data and the bond-
length data agree reasonably well. Octahedral Ml and

M3 bond- length populat ions are wi th in two standard

deviat ions of  the same populat ions as determined by

scattering-factor refinement. The M2 population dif-

fers by more than this but may be rationalized by

inc luding R (main ly  Mn) cat ions in  th is  s i te .  The

distributions derived from bond lengths ate: M(l) :

Lio ?oAl0 
"o, 

M(:2) : Li '.oAlo, M(3) : Li '.1EAlo ru, and

from scattering factors are: M(1) : Lio.r3Alo ,r, M(2)
: Lis.e2R' or, and M(3) : Lio.21Alo rr. The three octa-

hedra can be considered as having two lithium-rich
posi t ions (Ml  and M2) and one a luminum-r ich posi -

tion, M3.
The three octahedra in 3Z muscovite (Giiven and

Burnham, 1967) are l ikewise all different (Al-rich,

Al -R,  and vacant) .  This  may imply that  s imi lar  mica

structures in which the symmetry allows only two
independent octahedra l i.e., 2M, lepidolite, (Sartori

et al., 1973), ffuor-polylithionite (Takeda and Burn-

ham, 1969)]  are in  fact  showing pseudosymmetry '

The mirror planes in these and other structures may

be relating octahedra which are not in fact identical.

Pseudosymmetry is well known in layer-sil icate struc-

tures (Bai ley,  1975).

Atoms Dle tance Angle at c
a t o m  ( " )

T 1 - o a  1 . 6 2  ( 1 )
- 0 c  1 . 6 8 ( 1 )
- o d  1 . 5 2  ( 1 )
- o e  1 .  6 9  ( 1 )

M e a n  1 . 6 5 2 ( 8 )

T 2 - o b  1 . 6 3 ( 1 )
- o c  1 . 5 8 ( 1 )
- o d  r . 5 2 ( 1 )
- 0 e  I . 6 4 ( 1 )

M e e n  1 . 6 1 7  ( 8 )

K - o c  ( 2 x )  3 . 3 0 0  ( 8 )
- o d  ( 2 x )  3 .  2 8 1  ( 8 )

. - o e  ( 2 x )  3 .  2 1 5  ( 1 0 )
M e a n  3 . 2 6 5 ( 5 )

0d-0c-0e
Oe-Oc-Od
Mean

0e-0d-0c
0c-0d-Oe
Mean

Oc-Oe-0d

Mean

Overal l  Mean

o a - o c  2 . 6 5 ( 1 )
- o d  2 . 6 9 ( L )
- 0 e  2 . 8 4 ( 2 )

o c - o d  2 , 6 8 ( 2 )
- 0 e  2 , 6 8 ( 2 )

o d - o e  2 . 6 2 ( 2 )
M e a n  2 . 6 9 4 ( 9 )

o b - o c  2 . 6 5  ( r )
- 0 d  2 . 6 0 ( 2 )
- o e  2 . 8 0  ( r )

0 c - 0 d  2 . 5 8 ( 2 )
- 0 e  2 . 5 6 ( 2 )

0 d - 0 e  2 , 6 3 ( 2 )
M e a n  2 . 5 3 8  ( 9 )

K - o c ( 2 x )  2 . 8 5 6 ( 7 )
- o d  ( 2 x )  3 . 0 0 1  ( 8 )
- 0 e ( 2 x )  2 . 9 2 0 ( 9 )

Mean 2.926(5)

106 .9  (4 )
1 1 2  . 5  ( 3 )
1 1 8 . 2  ( 5 )
1 0 8 . 7  ( 2 )
105 .  3  (4 )
1 0 4 . 8 ( 5 )
1 0 9 . 4

1 1 r . 7  ( 6 )
r.06 . 3 (5)
1 1 7  . 5  ( 6 )
1 0 8 . 0  ( 5 )
1 0 5 . 3 ( 4 )
1 0 7  . 8  ( 5 )
r 0 9 . 4

104 .5  (3 )
r 3 5 .  s  ( 3 )

r 0 4 . 0 ( 3 )
1 3 5 .  8  ( 3 )

134,  3  (4 )
1 0 s .  3  ( 3 )

1 . 7 5

7 . 1 5

8 . 0 0
7  , 9 0
7  . 9 3

7 , 2 5
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Table ' {  Compar ison of  the octahedral  d ist r ibut ions of  3?'  Iepidol i te and muscovi te,  2M" lepidol i te,  and f luoroolv l i th ioni te

J J )

Octahedron 3 T  L e p i d o l i t e 3 T  M u s c o v i t e x * I  i th lon i  te+
2M2 1€p ido l i re

E lba i i
2M2 I rep ido l i te

RoznaS

MI

M2

M3

L tzoA l : 0

L iSgR t t

L i raA186

Are:Rtz

Altoo

" t 89A111
T i  A r  *

f )  4 )

L i _ . A 1 ,  _
) f  4 f

L igSAlO:

L i3  
7A16 3 ' t

L i " _ A 1 . .
) t  o J

L i 3 5 A 1 t o

L i35A1 
6  5  

n

L i ^ - A 1 _  -
J )  b )

) tSymet r ica l l y  equ iva len t  as  re f ined
**Data  o f  Guven and Burnham (1967)

tData  o f  Takeda and Burnham (1969)
t t D a t a  o f  S a r t o r i  e t  a l .  ( 1 9 7 3 )

SDara  o f  Takeda Ja i l  (1971)

The order ing pat tern may be,  in  par t ,  charge-con-
trolled. The aluminum-rich M(3) cation averages 3.67,4
f rom the tet rahedral  cat ions,  the l i th ium-r ich Me\
cat ion averages 3.2A f rom the tet rahedral  cat lons.
and the in te imediate M( l )  cat ion averages 3.49A
from the tet rahedral  cat ions.  As noted by Bai ley
(1975),  in  most  octahedral  order ing pat terns in  micas
with monoclinic symmetry, the trans octahedral cat-
ion (on the symmetry p lane of  the layer)  is  general ly
larger than the crs octahedral cation (related by the
symmetry p lane of  the layer) .  In  th is  3Z lepidol i te  the
smaller of the two larger octahedra is in the trans
position. The largest and smallest octahedra M(2)
and M(3)  are in  c ,J  arrangement.

A compar ison of  octahedral  d is t r ibut ions for  sev-
era l  micas is  found in Table 4.  Octahedral  order ing
pat terns are d is t inct ly  d i f ferent  between the 3I  and
2M 

" 
varieties of lepidolite.

Ordering and distortions in the tetrahedral sheet and
interlayer sites

The P3r l2 space group symmetry of  3Z lepidol i te
a l lows two independent  tet rahedra.  The average Z-O
bond lengths are s igni f icant ly  d i f ferent  in  the two
tetrahedra,  and a luminum-si l icon order ing is  in-
dicated. The tetrahedral bond lengths suggested for
layer  s i l icates by Smith and Bai ley (1963) of  Si -O :
1.62 and Al-O :  1.77A lead to cat ion contents of
(Al0 r rs i '  r . )  for  7 ' ( l )  and (Si ,  o)  for  f (2) .  The tet rahe-
dra l  bond length re lat ion determined by Hazen and
Burnham (1973) for  layer  s i l icates leads to cat ion
contents somewhat  h igher  in  a luminum; (Alo r rs io r r )
for  7"( l )  and (Al .o.Siorn)  for  T(2) .  These populat ions
are ln reasonable agreement with the allocation from
the chemical  analys is ,  which suggests a tet rahedral
populat ion of  (AlSi r ) .  As wi th other  layer  s i l icates in
which tetrahedral ordering has been observed, these
tetrahedra a l ternate around the pseudohexagonal
r ing.  This observat ion of  Si /Al  te t rahedral  order ing
contrasts with the results from the Rozna (Takeda et
a l . ,  l97 l  )  and Elba (Sartor i  e t  a l . ,  1973) 2Mr lepido-

lites, where very l itt le tetrahedral ordering is in-
d icated f rom the bond- length data.

The observed tet rahedral  rotat ion angle,  a,  is  7.7o
(Table 3) ,  and th is  f i ts  wel l  wi th the empir ica l  re lar ion
de r i ved  by  McCau ley  and  Newnham (1971 ) ,  a ( " )  :
218.0 (bt /b")  -  1 .5 ( f ie ld s t rength)  -  221.5,  re lat ing
the a angle to the chemical  analyt ica l  data.  An a of
8.3 '  is  ca lculated f rom the chemical  formula by the
McCauley and Newnham re lat ionship.  Simi lar ly  the
A value obtained from observed K-O distances fits
the McCauley and Newnham re lat ionship of  A =
(0.47 A/degree)  X a.  The observed A of  3.268 -  2.92j
:  0 .34A can be re lated to a calculated A of  (0.4 i \  X
7 . J "  =  0 . 3 6 4 .

This mica,  as in  other  f luor ine-r ich micas.  has a low
( layer  th ickness) /b rat io ,  or  i t  is  " f la t tened."  For
instance,  the d(003)/b rat io  in  3Z muscovi te is  l . l l ,
whe reas  th i s  ra t i o  i n  3 f  l ep ido l i t e  i s  1 .100 .  The  E lba
(Takeda et  a l . ,  l9 l l  )  and Rozna (Sartor i  e t  a l . ,  1973)
lepidol i tes are s imi lar  to  3f  lep idol i te  wi th d(002)/b
rat ios of  1.102 and 1.099 respect ive ly .

The basal oxygen sheet is slightly corrugated. The
average level  of  th is  sheet  is  at  Z/c:  -0.  1104.  Oc
and Oe are below th is  level  ( toward the potassium
atom) by 0.0012(0.036,{ )  and 0.0017(0.051A) respec-
t ive ly .  Od is  above th is  Ievel  by 0.0028(0.0834).
Three standard deviations of the Z/c coordinates
equal between 0.0006 and 0.0009, or from 0.02A-
0.034,  suggest ing that  th is  departure f rom a p lane is
real .  The Od atoms at  Z/  c  :  -0.1076 are arranged in
rows paral le l  to  [010] .  Oc and Oe atoms form some-
what  z ig-zag l ines a lso paral le l  to  [010] .  S ince the Od
row is  "h igh"  by 0.084 and the Oc,  Oe row is  " low"
by 0.044, we can look upon the effect as a corruga-
t ion.  Corrugat ion of  th is  sor t  is  a lso found in lepido-
lite 2M, (Sartori et al., 1973) and also in all dioctahe-
dra l  micas.
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