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Chromian mica from Sierra Nevada, Spain 

J. D.  MARTiN-RAbIOS AND M. RODRiGUEZ-GALLEGO 

Department of Crystallography and Mineralogy, University of Granada, Spain 

S Y N O P S I S  

EMERALD green chromian 2M1 mica occurs in 
metamorphosed and metasomatized limestones, 
related to serpentinic rocks from Sierra Nevada, 
Spain. Chemical analysis gave: SiO2 44.51, AI20 3 
27.60, TiO2 0.17, Cr20 3 3.35, Fe2Oa 1.76, FeO 
0.07, MnO 0.00, MgO 8.59, Li20 0.03, Rb20 0.01, 
BaO 0.01, CaO 1.71, Na20  0.40, K20  7.86, H20  
4.21 = 100.28. Optic properties are: pleochroism X 
blue, Y green, Z bluish green; refractive indices: 
~ =  1.562, f l =  1.611, 7 =  1.616 (yellow light); 
inclined dispersion, r > v. Orientation: second 

order mica. Refined parameters are a = 5.2116(6), 
b = 9.045(2), c = 19.97(2)A, fl = 95.7(3) ~ The 
structure is discussed and an order in the octa- 
hedral M(I) sites is observed, but no ordering in 
the tetrahedral T(1) and T(2) cations is detected. 
The mica described is a mariposite with anoma- 
lously high contents of Ca and Mg. 

[Manuscript received 2 December 1980; 
revised 23 June 1981] 
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_chP~i~Tn mica f rom S ie r r a  Nevada. Soain 

J .O.  MaPtrn-Ramos end M�9 Rodr i~Jez  Gal lego 

Oepa r t~n t  of C rys ta l l og raphy  ~d  M i~ ra lOgy ,  Un i ve r s i t y  o f  Granada, S~aln, 

Many chp~ lan  micas w i th  fuchs l te  and mePiposl ta opt ica l  charaCler~st+cs have 

b~n  ~scP i~d  in the S ie r r a  P~mvada area  of the Elel+c Co rd i l l e r a  (Pugs,  1971, 

Pk rez  del V i l l a r ,  1972). de ta i l ed  stu(~y has been d i f f i cu l t  because these m i l r e i s  

a re  usual ly  found In  sma II  e~n l s  ;n l im i ted  ~ tcPopS.  

The ch r~ i~  mica ~a l ysed  in th is  s tudy ~ together  w i th  ac t ie~ l i te  c r ys ta l s  

some f r ac tu re  su r f e r s  in  I ]mes t~es .  These ~ t c rops  ape of  a smal l  s i ze  

( 15 -  30 m l ~g  and 1 m thick< ) and the l l ~ s t~es  a re  Inc luded as x~ l l t h s  

In  e ~e r i do l l t e  mass ~ tas~a t l ced  to se~pent ln i les ,  c l ~e  to the co~tac l  w}th I~e 

~c tos i ng  s l oe - sch i s t s  of the Mulhacen nappe (Ma r l i n -Rases  e l  e l . ,  1979) in (he 

[ ~ r  a reas  o+ the Be t l c  Co rd i l l e r a  (Puga el e l , ,  1974{. 

The o~r cha rac te r i s t i c s  o f  th is  ca ta l an  mica and Ol;~P c~ r~ l an  m l~s  fo+Jl~ 

In  S i e r r a  ~N~ada a re  ~ im l l a r  to those of a ~ma l  fuchs l le ,  but X - ray  d i f f r a r162  

has sh~n  ~e~te[n d i f fe rences  In  Ihe l a t t i ~  pa rme tePs  (M~Pl ln-Remos,  1976). 

The chemfcal  ~pos l t i ~  o f  th is  mica.  wi th  a rmma l~ l y  high cm~tents of Ca end 

Mg. a lso su~es r  Iha p~s l bHJ t y  o f  ~ ~gsua l  ] n r  c~os i t l ~  S im i l a r  

m l r te ra ls  have be~  descr ibed  In  the l i t e ra tu re  by C~ang Pad Kwe l  ~d  L In  K~  

Chang (1974) and by C~ater jee (1968). NeVer the less  they ape s l ~ l f l c~ t l y  

dJ f f ec~ t  f ~  the mica s lud]ed In Ih ls  ~aper .  

~ l ce l  a rus lys ]s , -  Th l s  has been ca r r i ed  ~ t  by me hyd rO f l ~ r [ r  ac id  

decompo~Jtlotl t ~hn fq~  ( Lan~nyh r  and Paus,  ~9~1) and wi th  ~ a t t i c  abso rp l l ~  

$peclrof=hotomr I I ~J~m ~ l ~0  I+ . A corre la te  ~a l ys i s  by ma r~  of  L l na res  

�9 n<~ H~ r t i s  me Iho~ ) )g?3}has a lso been ce~ fe ' d  ~ t .  ~n~  agreement  between 

both me thy l s  Is  ex~11~r  ~ Fesulr ape shown in  Tab le  I .  The f o r~ l a  ~ r  

the bas is  of 20 ~yg~n~  is:  

S l  A I  O A I  Cap Fe  3 ~ 3 M c Na K 
[ . . . . . .  8~  z0~  . . . . . . . . . . . .  eo.04 g t .  1~ [  a0 . . . . . . . . . .  q] (OH) . . . .  

Tab le  I , -  Ch~fnJ~i  analyses ~ the bas is  o f  20 oxyg~  ~ 

Number  of ca r  Charge/ I . .ayer  

K20  2. 56 t .  30 

Na20  0. 40 0. I I 

CaO I .  ? l  0. 25 I n l e r l aye red  Z. 00 

~eO 0.0~ 0.0+ 

/~1)30 0+0l  0 .01 

MgO 8. 59 I .  18 

121203 I .  76 o. 15 

~eo  o .o?  0 .0~  

MnO 0. 00 0. 00 

1-120 9, 03 0. Ol oc t  i hed ra l  I I ,  97 

C~203 3. 35 0. ~6 

TIe=. 0. I ? 0. 02 

SPO o. oo o. oo 

2. ~ (A~ v~) 

AI303  31. 60 

I ,  83(AIIV) 
~ IO  3 4~  51 6.1O Te t rahedra l  30. 18 

H30  =Z. 21 3. 07 H 3 .87  

Tota l  100.62 Tota l  46 .02  

In  the c~mfca l  ana lys is  specia l  ca re  has b~n  t~<~  to e l lm lna le  r ca lc ium and 

magnesium carbonates wh ich  c~ l d  have Pema l~d  as a ~s l due  f r om  the ~c loSin~ l  

rock .  The pu r i t y  o f  ~e  minera l  analysed approaches 100 ~1 + although smel l  

ac t l ~ l i t e  ( ~d  anatase?) I ~ l us l o~s  could ~ I  be e l im ina ted  : however  they were  

~e r  g rea te r  ~han 0.5 ~1 , 

OollCal o~o~er t le l ,~  p l e o c r o l s m  : x -  b l ue ,  Y=  gPe~ ,  Z_" blUiSh g reen .  

RofPac l lve  I n d l c e s  : + -  1.56;~ ,(~+ 1.611 , ( -  1.616 , ~ I P e f p J + ~ +  = 0 . 0 ~  

( y e l l m  l l ~ h l ) .  2V - 35.5)4) (~4~Ite It~l~r 33.4{3) ( b l m  l l g h t ) ,  36.~.(5) (Pad 

l l g h l ) .  I nc l i ned  d l s p e r s [ ~ ,  _+~ �9 T h e  p l a n e  of the  Oplical a x e s  is  p a r a l l e l  Io 

(010) m d  the y r o t s  of lhe  I n d t c a l r l x  ~ I n c l d e s  w l m  the  b p a r a m e l ~ ,  T h l s  m l l ~ S  

the p resen t  minera l  i s  a ~ ;e~d  o rde r  nlq~a. 

- The ~ I t - ce l l  pa ramete rs  have been obtained w l lh  one of the s tandard  

p rog r~mes  (LAT )  f r om Ph i l l i s  pw  I I 00  s ing le  c r ys ta l  d l f f r ec t~e te r .  Wi th  UIIs 

~ ' og ramme , the r~s  200, 030. I1~, I l l ,  ooz, 202. I I 0 ,  331, T3T, 131, 331, 201, 

T33 ar.~ TT4 have b~n  ~asu red .  By  us ing  the c i r c l e  w i th  h ighes l  p rec i s i on  t . ,  w i l h  

cOUPled 21) + eac~ row  w~  scanned in  me  p~J l I ve  and In  the negat ive  r e~ j ] ~s .  The 

~hk l -SDac Ings  of ~e  fm r l ~  m~asured Pews were  then USed to obtain a ,  b, c and 

~a rame |e~  by a leas t -square  p~g ram~ .  The P~u l l s  a re  : i -  5-2~ 16(5) ,  

b - 9.045{2) I _C~ 19.9~(2) .~ e r~  ~ -  95.7(3) a~ Oetermlna f l  ~ of the Spac~ ~ 'o~o 

CAPPi~ ~ l  fP~  ~he I~g  e~u re  We i ss~g  p ~ s ,  "~as C ~ ] r  

Ex t r a -weak  r e f l ec t [ ~s  wi th  (h + k) - 12n - I )  we re  obse~ed , .  X + ray  d l f fPac t i ~  

fnletnsi ly data we~  ~ l l e c ted  wilt1 the above m~ | l ~d  s ing le  ~ys Ia l  d l f f r ec l~ tep  

~ i r~ j  Me _K~ rad i a t l ~  mor lochromat lzed by a f l a l  g raph i te  c rys ta l  . Th~ I n t~s l t l e s  

~  ~ r  2~61 r~ l~c l Jm i  fop 2~ 0 < ~ ~  were  mr  wi re  ~he ~ /~  I c~n  ~ ,  The 

equ l v41~ l  ~ f l e c l lOns  we~  s r  and 1383 were  I ndepmdml .  Three  s t a t l d~d  

re f l ec t i ons  w~e  ~ J l ~  at f ~p  ~ r  I n t e r va l s .  No va r i a t i ons  g rea te r  than 

3 �9 we re  o~se~ed .  The In tens i f i es  ~ re  ~p rox i~ te l y  Cor rec ted  f ~  ~bs~p t f~  

f o l l ~ l ng  the m thOd  of  N~ th  ~ (1961)) az'~d the va lues  of  the e~u l ve l~ t  pa i r s  

~ re  ~e raged .  ~he r~u l l l ng  ~o rg t i =  dlscPepatlr f ac to r  was Always 0.0'] ' ,  

w~1~'1 IS ~1 ex~ss l ve l y  h l ~ l  va l~  I but i t  was ve r y  d i f f l ~ l t  to Jmp r~e  d~  ;o the 

ex tPe~  t h i ~ss  ~ l d  l a t h - l i ke  shape of the ava i lab le  c r ys ta l s .  The X -p l y  ~ l l  

we re  ~ S S ~  w i th  e modi f ied  veps l~  of  a pro~raff~'r~ spec i f i c i t y  w r i t t en  f ~  

the ~ i100 sl t~j le CPySlal d l f f r ac t~e te r  by He - - t ea  and Stubbe ( Ig73) .  The 

leas t -squares  s tPuc t~e  r e f l e c t s  w~  car l - ted ~ t  Usln 9 a Pewp l l r  vePs i~  

of me ORF~-S p ro~ ' am~  (~us ing  et e l . .  1~63). S~ lm  IsotPoDJc l eas t - squaNs  

'~ /c les ~ ca r r i ed  ~ t .  Anl~o l rOpl ( :  t r eA t~=  f o r  Ih~ a t~s  ~s  not Imp r~e  

|he resu l t s .  Las t  m be fo re  ISO|rGDIC OBr~ergence Was 0. I17.  The scar 9 ~es  

f ~  ~U l ra l  a t~  91v~  by the I n t~ t i ~a l  Tab les  f o r  >~-ray C rys ta l l og l+~y  

(19?5) ~ re  usecL The In i t l& l  a I~ i c  pa rame le rs  were  U'IOSe f r om  ~he~g l i a  (GOver~ 

m21}.  o~r m e  P ~ t l e c l ~ s  wi th  I �9 3<1 w ~  ~ssed  w l t h  e ~ a l  welgl~l ~n the 

~ f l n~m ls -  T h~ a tm Ic  sca l i e r l ng  f ac t~s  of SI  ~d  A t  f ~  T i t )  end T(2) 

tet rehedPals,  A I  (A l ,  Mg) and We(Fe, Cr )  fop or /+1(I) s i t e s  and K ~d  N I  

(Na, Ca) fop I n t e r l l y~ed  cat l0rm ~pe  USiCL C l l f f e ren~  F '~ r l e r  synthesl~ was 

com~JtlK~ f c ~ I n ~  ~ ~ s o t P ~ ; c  cfctes+ 

F~msults,-  T a b l e  II I hows  the pos111~al  p a p l l m e l ~ s  +in+ t e m p e r a t u r e  f a c t o r s  f ~  

the f ' ~ f lmd  che la  n mica  s t r u r  Se lec ted  I n t e ra tm l c  d is tances ~d  +r~Jles 

~ - a  ~s l l< t  ]~ T a b l e s  | I t  and I v .  and a l s o  ~ - + ~  In f igs.  I a n d  3+ 

Tab le  I I .  A tom ic  c r  and tlm-OePatuPe fac to rs  �9 

A=~s  EdUtpo lm x Y z B (A~  

K (K ,  Nal  Ca) 45 0. 0000 0 .0967  0. 28o0 1.94 
M( I )(AI, Ct', M~k Fe)  0 f  0. 21189 0. 8360 0. o001 0. 64 
0 ( I )  e f  O, 9SSe o. 43e4s o. o546 I . o9  
O(3) ef 0. 3935 0. 2529 o. 0846 I .  00 
O(3) Sf 0 .~90  0.093+ 0, 169~ 1.29 
0(41 6f O. 73~15 0. 3234 0, 1603 I. 4? 
0(5) ef 0. 33~1 0.3611 0. 169~ I .  13 
Oc+ 8f  0. 9.$47 0. o654 0. 0515 ~. 18 
T( I ) (A I ,  S i )  fff 0 .9635 0.8396 0 .1353 0 .56  
T(2)(AI, 51) ef 0 .45~?  0. 1509 0. 1355 0 .63  

Table I I I  . In tePatomic d l s t enc~  In  a t l gS t~S .  

M( I ) -O(1)  I .  951 K .0 (3 )  Z. 928 
M( I )~O(I)  I .  903 K -0 (4 )  3. 
M ( I ) - 0 (2 )  1,1me K -0 (5 )  3. 935 
M( I )~ (3 )  Z. 990 K-O(5 )  3, 196 
MI t ) - ~H  t.  934 K -0 (4 )  3. 199 
M( 0 -OH t .  g3~; K -0 (5 )  3. 203 

A~ rage  I .  95H(23) Ave rage  sho r t~  - 3. 939( t8 l  
Po lyhedra l  volum~ 9.82A ~3  Ave rage  longer  3. 199(03) 

T { ) } - ( :~ I }  I ,  612 T~5)-O(2) I .  616 
" r { l ) - 0 (5 )  1.640 T(~) -0(3)  I .  648 
T(11+0(4) I .  632 T(2) -0 (4 )  I .  634 
T ( I ) -O(5 )  1,644 T(~)-O(5) 1,642 

Ave rage  I, 632(25) Av~age  i. 634( I Z) 
Ave rage  T-O(basa))  1.53g(05) Ave rage  T - (~basa l )  ) .  5~05 )  
Po l yhed ra l  vo l~  2, 224 A 3 Po lyhedra l  vo lume 2 .2~  ~3  

S tandard  dev ia t ions ape Indica=ed in parentheses in te rms of  the last  

s ~ l f l  cant f l ~ r ~ .  
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F i g u r e  I .  V i e w  o f  t he  p r o j e c t i o n  o f  t he  s t r u c t u r e  a l ~ g  001 In  t he  i n t e r v a l  

- 0 .  05  m Z ~ 0. Z5 f o r  c h r o m l a n  mica.  T h e  c a t i o n .  ~ l o n  d l s t ~ c e s  a r e  Tnd i~a led  

i n  A ~ T e C r a h e d r a l  edges  a r e  d l "awn  w i t h  ~ n t l n o ~  I I n ~ .  P o t a s s i ~ t e l r a h m d r a l  

basa l  ~ y g e n  I ~ ) n ~  ape  d r a w n  w i t h  d o t t e d  I l l s .  Oc taheCl ra l  ca t lo r~s ,  a ~ l c a l  

r  and  O H ,  ape d r a w n  w i t h  d,Bshed l i n e s ,  

( 9  

+IY 
o -  

F i g u r e  2, T { I ) ,  T (2 )  zsr~l M ( I )  C ~ r d l n a t l ~  p o l y h e d r a  ape  p P o J ~ t e d  a l ~ g  001 

f ~  chPomtan  mica.  O n l y  t he  " v i s i b l e , ,  p a r t s  f r o m  each p o l y h e d p a  ape  s h o w n .  

C ~ t l ~  pos~ t lo r~  ~ t J  e d g e  Jeng lhs  fo~ z~e C ~ d j ~ l l o P t  po lyhe~ f .a  &~e I R c l ~ .  

I g ~ ! . ~ . . ~ . . c ~ . -  F'Pom (hi+ chem ica l  a n a l y s l =  ( s e e  T a b l e  I) 11 can  be  s e e n  t h a t  the  s i ~ l f I c a n t l y  s h o r t e r  than the  ~ s t ,  T h e  a v e r a g e  o f  t he  d i s t a n c e s  T ( t ) -<3 (baee l s )  

m i n e r a l  IS a c h r o m i a n  m i c a  w i t h  a n o m l l ~ s l y  h i g h  c~ ta~n t  o f  Ca  and  Mg.  F p ~  Is  1 ,639(5)  ~ and  the  T ( 2 ) - C ( b a s a l s )  i s  1,6Q+0(5) ~ .  S u c h  S i m i l a r  m e a s u r e s  ape too  

the  s t u d y  c a r r i e d  ~ t  by  X - r a y  d l f f r a c t l ~  | s l r ~ l e  c r y s t a l  ~ t h o d )  S O ~  ] n t e r ~ t l n  9 c l ~ e  t o  m i n k  o f  any  k i n d  o f  o r d e r i n g  i n  t he  t e l r a h e d r a l  cat ir  C ~ ' l s J d e r i n g  i t s  

r 1 6 2  ~ n  be reachlmd r e l a t i n g  t o  p ~ s l b l e  o r d e r - d i s ~ d e e  r  i n  o c t a h e d r ~ l  l a y e r ,  r a v e r a g e  ~ t q h e d r a ;  ~ t a l . o x y g e n  d ( s t a n c e  ( I .  958  ~ )  410proac~es 

r e l a d O n  t o  t he  c e t r a h e d r a l  catTorm, rm o r d e r i n g  can  be detected= t a k i n g  i n t o  t o  a phe rK j l i e  mope C h ~  a m u s c o v i t e  ( I , 9 5 6  and  1 ,932  ~ r e s p e c t i v e l y ,  G ~ e n  1971). 

a c c o u n t  t h a t  the  v a l u e s  o{  the  T ( ; ) - O  and  T ( 2 ) - O  d is t&nces  a r e  v e r y  allk+e (see T h e  ~ ( a h e d r a ; s  ace  v e r y  disKorCed. T a b ; e  I f  a n d  f i~. ; s h o w  u l a t  ;l++e (~-+-OW 

T a b l e  I I I ) .  i t  I s  l n r  t o  r o t e  Iha t  t h e  te2Pahedrorm a r e  ~ t  p e ~ l a P  t~  any  e d g e  IS s h o r t e r  t h ~  the  D the r  t w o  s h a p e d  a d d s *  O1~ the  o thaP haP~.  t he  t~(2) 

o f  the  c a s e s  ( f i gs .  I and  2, T a b l ~  II aqd I l l ) ,  T h e  T ( 1 ) - O ( I )  and  T ( 2 ) - Q ( 2 )  o c l ~ e d r a l  v a c a n t  p o l y h e d r ~ S  ape  much  m ~ e  r e g u l a r  in  f o r m  than  the  M ( I ) .  F r ~  

d i s t a n c e s ,  (ha l  i s  to  say ,  tho~e  c o r r e s p ~ d i n ! g  t o  t he  ~.plcal o x y g e n s ,  a r e  the  d i f f e r e ~ e  s y n t h e s i s ,  no  r e s i d u a l  e l a c t r ~ i c  d e n s i t y  i n  the  P~2) s i t e s  w a s  
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Tab le  IV. B~d  angle in degPees. Central atom IS ve r t ex .  

A toms  ( . )  Ang le  X(a)  Y(a) Z(a) X(c)  Y(c) Z(c) 
(a) (b) (c) 

0 (  I )-F'-~( 1 ) -0 (1 )  
0 ( I )  -M( I ) - 0 (~ )  
0(  1)-M(I ) - (3(2)  160. 69(40) 0. 4550 -0 .  0(514 0. 0946 
0(  I ) -/vl( 1 ) - (3~ 94. 25(39) o. 4550 -0 .  0614 o. 05,~u5 
0 (1 ) -M( I ) -C~ I  9~.47)37)  0.4558 - 0 . 0614  0 .0546  
0 ( I ) - .V~( I ) -0 (2 )  95.9~(38) 0.5442 0 .0514  -0.05~6 
O{ I ) - / ~ ( I ) - 0 (2 )  92.26{38}  0 .5442 0 .0614  -0 .05~  
O( I ) -M( I ) -OH  169 .73 {40  0 .5~2  0. 0514 -0 .  05~6 
0(1)-M(t)-O~-.I  93.12(39)  0.5442 0 .06 ;~ -0 .052~6  
~2 ) -N~  1)-0(2)  79. 4?)39) 0. 3935 0. ~529 0. 05/06 
0(2)-~ I)-~H 92. 84(38) o. 3935 O. 2529 o. 05~6 
C~2)-P.~ 0 -OH 169. 0?(40) 0. 3935 0. 2529 0. 0546 
0(2)-~ I)-OH 9~. 6~39) o. )065 O. 2471 -0. 0546 
O(2)-M( I ) -OH  94. I 1(38) 0. 1065 0. 2471 -0 .  0546 
OH-M( I ) -OH  78. ?5(42) -0 .  0453 0. 0654 0. 0515 
0 ( I ) -T ( I ) - 0 (3 )  111.05(46) 0 .9550  0 .4386  0.09~16 
O( I ) -T { I ) - 0 (4 )  112.89(49) 0 .9550  0 .4306 0.052~.6 
C~1 ) -T { I ) - 0 (5 )  I t ] . 49 (45 )  0 .9558  0 .4386  0 .0946  
O(3 ) -T ( I ) - 0 (4 )  108. 56(4?) O. 9390 O. 5934 O. 1692 
0 (3 ) -T ( t ) - 0 (5 )  105. ?0(46) 0. 9390 0. 5934 0. 1692 
O(4 ) -T (1 ) -0 (5 )  105. 95(48) 0. 7305 0. 3233 0. 1603 
0 (3 ) -K -0 (3 )  116.59(2?) o. 4390 o. 0934 o. 1692 
0 (5 ( -~ -0 (3 )  6~.41(27)  0 .4390  0 ,0934  o. 1692 
O(5( . -~ -0(3)  1'78.86(40) 0 .4390  0 .0934  0 .1692 
O(3 ) -K -O(4 )  90. 66{26{ o. 4390 o. 0934 o. 1692 
0(3)-K-0(~) 90.6~26) 0.4380 0.0934 0 .1692  
0 (3 ) -K -O(6 )  90. I~25) 0. 4390 o+ 0934 0. 1692 
O(3 ) -K -0 (5 )  50. ? l (23)  0. 4390 0. 0934 0. 1592 
0 (3 ( -K -0 (5 l  130.40(19) 0. ~3g0 0.0g~.~ o, ~69Z 
0 (3 ) -K -0 (5 )  87. 09(24) 0. 4390 0. 0934 0. 1692 
0 (3 ) -K -0 (3 )  1'78.96(3"7) - 0 . 5610  0 .0934  o. 1692 
0(3)-J<-O(3) 63.41(27) - 0 . 5610  0 .0934  0. 1692 
0 (3 ) - t < -0 (4 )  130 .~28 )  - 0 . 5610  0 .0934  0. 1692 
O(3 ) -K -0 (5 (  97. 71(23) -0 .  5610 o. 0934 o. 169Z 
O(3)- -K-0(5)  83.07(23)  -0 .  5610 o. 0934 o. 1692 
o(3 )  -K  - 0 (4 )  50 .11 (24 ) -0 .5610  0 .0934 0 .1692  
O(3) -K -0 (5 )  50. 40~ 23) - 0 . 5610  0. 093A 0 .1692 
O(3 ) -K -O(5 (  f28 .63{27)  - 0 . 5610  0 .0934  0. 1692 
O(4) . -~ -0 (4 )  92.44(39)  - 0 .  25~ 5 0 .3233  0 .1603  
0 (4 ) -K -0 (5 (  50. 02(26) -0 .  2615 o. 3233 o, 1603 
0 (4 ) -K -0 (5 )  66, 99(24) -0 .  2615 0. 3233 0. 1603 
O(4 ) -K -0 (5 )  90. 59(23) -0 .  2615 0. 3233 o. 1603 
0(4)-K-0(5) 176.23{29) -0.2615 0.3233 O. 1603 
O(5 ( -K -0 (6 {  S3. 3'7(33) o. 2384 o, 361;  o. ~694 
0 (5 ( -K -O(5 )  116.75(29) 0. 2394 o. 3611 0. 169~ 
0(5).-4<-0(5) 129.65(00) 0 .2384  0.3611 0. 1594 
0 (5 ) -K -O(5 )  66. 47(36) -0 .  2616 -0 .  1389 0. 1694 
O(2 ) -T (2 ) -0 (5 )  I I 1.56(40) 0. 3935 0. 2529 0. 0546 
O(2)-T(2)-C)~4) 112. 98(48) 0. 3935 0. 2529 0. 0546 
0(2)-~2)-{X5} 11 I. 31(47) 0. 3935 o. 2529 o. 052~6 
O(3) -T (2 ) -O(4)  105. 06{48) 0. 4390 0. 0934 0. 1692 
(~3)-~)-0(5(I06.67~4) 0.4390 0.093~ 0.1692 
0(4 ) -3 " (2 ) -0 (5 )  106. 10(~.8) O. ?385 O, 3233 O. 1603 

79. 99(41) O. 4550 -0.  0614 O. 0546 O. 5442 o, 0614 -0.  0546 
93. 1 I(38) 0. 4558 -0. 0614 0. 05~6 0. 3935 0. 2529 0. 0546 

checked.  Th i s  shows a s t r i c t  o rde r i ng  tn the oc tahedra l  vo ids .  A loca l  sho r t  

range  o rde r  in the d i s t r i bu t i ~  of the oc tahedra l  M( I )  ca t ions  in  domains of  the 

Crys ta l ,  can i ~o l ve  the loca l  d i sappearance  of the C cha rac te r  f r om  the un l t - ce i l  

and ~t leads to the p resence  of e •  obse rved  re f l ec t i ons ,  as 

shown by Be i l ey  (1975), 

o. 1065 0. 2471 -0 .  0546 

-0 .  0453 0. 0654 0. 0515 The in lec layeeed r  ape In twe l ve  fodd coo rd ina t i on  w i t h  the basal  ~ygen  
0. 0453 -0 .  0654 -0 .  0515 
o. 3935 0. 2529 0. 0546 a t~s  f r ~  the t.10PeP and l owe r  tetPal~edPal I~u  w[ tj~ and avec~qJ e d l s t~ r  o f  

0. 1065 0. 2471 0. 0515 2. 93~  181 ~ f o r  the s i x  nea r~ t  oxygens aria 3. 1~1(3) .~ f o r  the ~ tep  ~es  I va lues  
- 0 . 0453  0 .0654  0 .0515  

0. 04.53 -0 .  0654 -0 .05~5  that match ph~g i t e  ~ re  than muscov i t e  (~L~ven, I971,  F~adostovlch, 1963). 
0.  1065 o, 247 /  -o .  o546 

-0.  0453 o. 0654 0. 0515 
o. 0~.53 -0 .  0654 -0.  0515 "i~e a t t i c  p l a~s  In  th is  m ica  ape d is loPted in two ways:  by r o l a l i on  in  the p lane 

-0 "0453  0 ' 0664  0"0515 (001) ond by l i l t i ng  In  e leva t i ons ,  I n  an Ideel a t t i c  con f igu ra t i on ,  both an lons 
o. 0453 -0 .  0694 -0 .  0515 
0 .0453 -0 .0654  -0 .0515  and ca t l ~s  f o rm  hexag~a l  a r r ays  w i t h  in tePatomfc angles of  120 ~ Dev ia t i ~s  

0. 9390 0. 5934 0. 1692 ( 2o {  ) f r om  th is  va lue  g ive  Ihe d i s t o r t l ~  in the p lane.  The va lues  of  2o( fop th is  
o. 7385 o. 3z33 o. 1603 
0 .2384 0.3611 o. 1694 mica  a re  9[ven in  Tab leV .  The tetPahedra]  ca t ions  show, however ,  sma l l e r  

o. ?385 o. 3233 o. 1603 d isp lacements  f o rm  t he i r  Ideal  pos i t i on .  T l l t l n s  of the te tpahedrons  g lve r i se  to  
o. 2384 o. 36 l  ) o. ~694 
o. 2384 o. 3611 o. 1694 lyp [ r  d l f f eeen~s  in the coo rd i~ tes  of  r basal  oxygen a t~s  fop d ioc tahedra l  

-0 .  5610 0. 0934 0. 1692 micas .  Gr of the basal  oxygen atoms 0(4 )  is  d i sp laced  in  the p lane of  0(3)  and 
0. 5610 0. 0934 o. 1692 

-0.  4390 0. 0934 0. 1692 0(5)  by 0. 18(I)  ~ .  The same phe~m~a  was detec ted in  phengl tes by Ggven. In  

- 0 . 4390  0 .0934  0. 1692 c~c l us l~  I I  can  be es tah l l shed  tha i  the m ica  desce ihed  above Is  a mar~posl te 
- 0 . 26~5  0 .3233  O. 1603 

0 .2615  0. 3233 0. 1603 ( ch rom lan  ph~9 ] t e )  w i th  anomalous ly  h i gh  c~ ten t s  of Ca and M9, o rde red  In  

0. 2304 0. 3611 0. 1694 octed~edral vo ids ,  w i th  pa r t i a l  oPdePIn 9 of the oclahedPal catlor~s in  I ~a l ed  
-o .  23~  ~, 36| I 0. 3306 

o. 2616 -o. f389 0. 3306 domains of  the c r ys ta l  and d i so rde red  in t e t rahed ra l  5 i  and A I .  

0. 56~0 0. 0934 0. 3300 
-0. 4390 o. 0934 o. 3308 REFERENCES 
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( * )  A tom h c~Pd ina l es  ape g i ven  In  tab le  2. 

Tab le  V .  D~ la t i on (2  ~)  of rntePatomlc angles f r om  ideal t 20~  degrees .  

Basa l  oxygens  Ang le  2 c~ Ap i ca l  oxygens Ang le  2o< 

0 (5 ( -0 (6 { - 0 (5 )  ;03 .35(21)  16.60 0 ( z ) - 0 (~ ) -0 (2 )  H5 .05 (30 )  4 . 95  
0 (4 ) - 0 (3 ) - c (5 )  105.62(28) t 4 . 38  O( I ) - ( ~2 } -0 (  I ) 195. 96(30) 5 . 96  
0(3(3)-0(3(5)-0(4) 105.58(29) 14.42 ( 3 (2 ) - 0 ( I ) -O (2 )  116.50(37) 3 .50  
0 (3 ) - 0 (4 } - 0 (5 )  155.42(29) 15.42 0 (1 ) - 0 (2 ) - 0 ( I )  ]16. 06{37) 3. 92 
0 (4 ) - 0 (3 ) - 0 (5 )  135.03(20) 15.83 0 (2 ) - 0 ( I ) -O (2 )  124.01(38) 4 .01  
O(3) -0 (5 ( -EX6{  134.64(28) 14.64 0 ( I ) - 0 (2 )  0 ( I )  115. 11(38) 4 . 89  

Ave rage  . . . . . . . . . . . . . . . . . . . .  15.22(94) Ave rage  . . . . . . . . . . . . . . . . .  4.52~ 82) 

Te tPqhedra l  ca t l ~$  
T (2 } -3 " ( I ) -T (2 )  t 19.66{ 16) 0 .~0  
T( ] ) -T (2 ) -T ( I )  119. 51(16{ 0 . 49  
T (Z ) -T ( I ) -T (2 )  121.40(16) 1 .40 
T( I ) -T (2 ) -T ( t )  120. 69(16) 0 .69  

Ave rage  . . . . . . . . . . . . . . . . . .  0, ?5(39) 


