
American Mineralogist, Volume 66, pages 5g6_591, lggl

crystal structure of a silica- and alkari-rich trioctahedral mica
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Abstract

The crystal structure of a trioctahedral mica of unusual composition from melilite-bearing
eruptive rocks has been determined (R : 3.020). This mica, which has excess silica (si > 3j
and alkalis O Na + K > l), is the first known layer silicate with octahedral sodium. in spite
of the complexity of the octahedral layer, which includes Mg, Fe, Li, ca, Mn, Na, Ti, and
vacancies, there is no evidence for cation ordering between the two distinct octahedral sites.
Both sites have the same mean M-O distance (2.077A) and the same electron density. The
structural formula of the mica, based on chemical analysis and the structure refinement, is:

(h n.nBao orrNao o,.)*tt(Mg, nrrFeo o3,Mn6 6*Cao -rTio orrLro zzsNao r r0Eo 078)vI
(Si3 3 r2AL o42Fe3:46)rvO roF2.

Introduction

Velde (1979) described a suite of trioctahedral
micas of various compositions from melilite-bearing
eruptive rocks. Of special interest is a group of silica-
rich micas, charactenzed by high alkalis and ferric
iron and low aluminum, in addition to signifisanl
amounts of Li, Ba, and Ti. These miias are unusual
because X(K + Na + Ba) >> 1.0, Si >> 3.0, and l(Si
+ Al) << 4.0. Substantial deviations from the ideal
biotite, (K,Na) (Mg,Fe)rAlSi3o'o(oH),, therefore ob_
tain. The principal objective of this study is to docu-
ment the site distributions of cations in this mica.

Experimental

Euhedral single crystals of a silica-rich mica
(sample Y253, Gragnani, 1972) from the type cop-
paelite, at Cupaello, Italy, were selected for X-ray in-
vestigation. These crystals are unzoned and display a
slight reverse pleochroism, characteristic of micas

quantitative determination could not be made. No
OH- was detected by infrared analysis and the mica
thus has F/(F + OH) = l. It is not known if there is a
significant oxy-biotite component. Ion microprobe
analysis indicated 0.75+0.25 wt.Vo Li,O (tourmaline
standard), and boron in only trace amounts.

X-ray ditrraction photographs of a crystal plate
140 x 130 x 50 pm revealed sharp diffraction max-
ima with none of the smearing or streaking of spots
characteristic of deformed crystals or disordered
stacking arrangements. Unit-cell parameters of this
silica-rich mica (Table 2) are typical for a one-layer
trioctahedral mica with potassium in the interlayer
position (Hazen and Wones, 1972).

All X-ray reflections in one octant of reciprocal
space (sin 0/^<0.9) were collected on an automated
four-circle diffractometer with Nb-filtered MoKq ra-
diation (Finger et al.,1973\. All reflections were cor-
rected for specimen absorption (p, : 21.0 cm-') as
well as Lorcntz and polafuation effects. A total of
625 nonequivalent data were observed (I > 2o). Trial
refinements in space group A, in which adjacent tet-
rahedra are symmetrically independent, and A/m,
in which all tetrahedra are equivalent, yielded similll
results. The A/m refinement yielded the residual of
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Table l. Composition and calculated structural formula of silica-
rich trioctahedral mica

P e r  S l r e

w E ,  7

Table 2. Unit-c€ll dimensions

Uni t -Ce l l  Parameterx Value

N o ,
N o .  N o .

Charges  E lec l rons*

s 102

A120 3
B-O-

r '2og

HnO

Ca0

T1O2

" - 2 " '
Na 20

4 4 . 4 3

o . 4 7

trace

1 1 .  3 8

0 . 4 9

2 2 . 1 1

0 . 0 9

0 . 0 7

L , 5 7

0 ,  7 5

0 . 8 4

4 .000
l i l i  \
,.*, J

o .o r t  \

ilii ]

N o .

,  (A)
.b (E)
c (A)
o  ( ' )

I  ( ' )

v  ( " )

v i i3t

Tet rahedron

+ 1 5 .  3 1  1 5 . 9 e

5 . 3 2 9 0 ( 9 ) r
9  .  2300 (15)

r 0 . 2 1 9 1  ( 1 1 )
9 0 . 0 0  ( 1 )
9 9 . 9 8 ( 1 )
9 0 . 0 r  ( 1 )

4 9 s . 0 ( 1 )

2 . 9 2 2

Oc!ahedra

+ 5 , 6 8

Alka1i s i te

+ 7 . O 2  1 9 . 6 e

xRefinmqx of unit-ce77 Paxameters fton difftactom-

ete t  da ta  was unconst ra ined ( i ' e '  t r i c l in ic ) '

+Patenthesized figures represent esd's'

Table 3. Refincment conditions

ParameEer VaIue

B a o  0 ' 6 2

Kzo 10 .18

F 5  4 . 5

H z o l l  ( . 0 . 1 )

Totals 97 '50 7  9 2 2 Weighted  R (%) ' t

R  (7 . )+

No,  o f  observa t ions
Extinction Parameter

3 . 0
3 . 0

6 2 5
0 . 6 ( + 1 . 2 )  x  l 0 - '

*NunTEr of efecttons per sixe = L (nutuet of atoms pet sixe x axonlc

nutuer ) .
+@tahedra l  Fez ' /Fe t -  i s  dnknown.

+Based on  ion  probe anaT1s is  w ixh  xo i l rmf ine  s tandard '  va fue  c i ted

is  !A-25  we igh t  Petcenx .

SF luor j te  p tesent  in  s ign i t i can t  a rcunts  (>32) ,  based on  jan  and

efec t ron i i c roprobe anaTgs is .  Ca lcu ia t ions  a te  based on  en i l  ne tuer

*we ish ted  R =  [ rw( l ro l  -  l r " l )2 /z , r ! ] r /2

i R  =  r l l r o l  -  l r " l l l r l r " l '
llsasea on infrared spectra analgsis bg B' veitle

greatest significance, however, and the centrosym-
metric space group, as observed in previous refine-
ments of one-layer biotites, was thus selected. All ob-
served reflections were included in the refinement of
atomic positions, anisotropic thermal parameters' un-
constrained occupancy factors for all metal sites and
the fluorine site, and an isotropic extinction parame-

ter. Conditions of refinement are recorded in Table 3,
refined positional and thermal parameters in Table 4,

and observed and calculated structure factors in
Table 5. Least-squares weights were derived from

standard deviations based on counting statistics to

which an amount equivalent to 2Eo of F has been

added.

Results and discussion

Interatomic distances and angles (Table 6) and the

orientations and magnitudes of thermal vibration el-

lipsoids (Table 7) are similar to those of previously

reported trioctahedral micas in the phlogopite-annite

series (Hazen and Burnham, 1973; Bohlen et al',

1980). The 5.7" tetrahedral rotation angle, which is

Table 4. Refined atomic coordinates, anisotropic t€mperature factors, equivalent isotropic temperature factors, and number of electrons

per metal site in silica-rich trioctahedral mica

P 1 l Bzz Brr Btz p 1 3
B  N o .  o f

F Z I  E q u l v .  E l e c t r o n s

r  0 . s 7 4 9 ( 1 )  0 . 1 6 6 7 ( 1 )  0 . 2 2 5 s ( 1 )
M l  O  L /2  r / 2
vrz o 0.8337 (1)  r l  2
K 0 0 0
0 1  0 . 8 1 9 8 ( 3 )  0 . 2 3 s 5 ( 2 )  0 . t 6 7 2 ( 2 )
02  0 .5264 (6 )  0  0 .1669 (2 )
0 3  0 . 6 2 9 8 ( 3 )  0 . 1 6 7 0 ( 2 )  0 . 3 9 0 1 ( 1 )
F  0 .1336 (4 )  0  0 .3992 (2 )

0 . 0 0 8 2 ( 2 )  0 . 0 0 2 2 ( 1 )
0 . 0 0 6 3 ( 5 )  0 . 0 0 1 2 ( 2 )
0 . 0 0 6 1 ( 4 )  0 . 0 0 1 9 ( 1 )
0 .0227  (5 )  0 .0058 (2 )
0 . 0 2 3 6 ( 8 )  o . o o 9 7 ( 3 )
0 . 0 3 4 7 ( 1 3 )  0 . 0 0 6 6 ( 3 )
o .0096  ( s  )  o . 0026  (2 )
0 . 0 1 1 3 ( 8 )  0 . 0 0 3 s ( 2 )

o .oo23 (1 )  - 0 .0000 (1 )  0 .ooo7 (1 )
0 .0026  (2 )  0  0 .0008  (2  )
o . o o z s ( 1 )  o  0 . 0 0 0 7 ( 2 )
o .  oo57  (1 )  0  o .  0015  (2 )
o . o o 4 2 ( 2 )  - 0 . 0 0 3 6  ( 4 )  0 . 0 0 1 2 ( 3 )
o . o o 4 1 ( 3 )  0  0 . 0 0 1 r ( 5 )
o . o o 2 7 ( 1 )  - 0 . 0 0 0 1 ( 2 )  0 . 0 0 0 6 ( 2 )
o .oo27  (2 )  o  o .  ooo7  (3 )

- o . o o o 1 ( 1 )  0 . 8 7 ( 1 )  1 5 . 0 ( 2 )
o  0 . 7 1 ( 4 )  r r . 7 ( 2 )
o  0 .  78  (3 )  r r . 7  ( 2 )
o  2 . 4 0 ( 3 )  1 9 . 3 ( 2 )

- 0 . 0 0 0 3 ( 2 )  2 . 5 5 ( 4 )
0  2 . 6 1 ( 6 )

o .  o o o o  ( 1 )  1 . 0 3  ( 3 )
o  1 . 1 9 ( s )  8 ' 3 ( 2 )

*Irum-ber of efectrans is tef ined for each cat ion si te based on el-ectton densitg.  No consttaints are used'
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Table 5. Observed and calculated structure factors (x l0)

L OBS L OBS L OBS L OBS L OBS L OBS L OBS
- 6 0 L - 1  I L 4 2 L - 4 4 L

r 01
106

2 4 2
90

422
207
197
I48
83

158

284 2  70  80
539 3 268 261
I43  4  164 153
181 5 120 I27

8 6 6 7 5 7 6
24L 7 209 208
266 I  372 355

7 ' t  10  196 187
t I6  L2  L47 14 I

I I98 I92
2  7 5 6  7 7 2
3 300 29s
4 7 8 6 L
5 155 I53
6 432 442
't 

253 267
I  r 0 2  9 8
9  3 9 ?  3 9 3

l 0  3 3 0  3 1 9

- 4 0 L

L 72 ' t  744
2 94L 96 I
3  793 820
4 126 L27
5  3 4 I  3 6 6
6  9 9 5  I 0 I 8
1  79  '17

8 151 L52
I0  353 361
L2 83  t5
13 309 288

- 2  0  L

I  694 713
2 356 345
3  3 9 9  4 0 1
4  6 7 3  5 7 2
5  4 3 9  4 4 0
6  1 0 1 5  1 0 1 5
7 1187 1197
8  2 6 2  2 7 7
9 159 172

I0 629 628
I I  I O O  9 8
L2 250 248
1 4  4 0 5  4 0 r

0 0 L

1  4 4 3  4 0 0
2 275 294
3 1053 1074
4  4 8 3  5 I 4
5  I O 9 4  I I O I
6 3L2 310
|  ) t )  5 5 5

8  6 4 3  6 6 3
I0  396 4 I8
t I  5 0 0  4 9 8
12 244 240
13 3r7  328
14 t  t7  136

2 0 L

0  1 1 0 0  I I 2 8
I  9 9 8  1 0 0 5
2 867 878
3  3 3 s  3 4 0
4  1 3 2 8  1 3 3 5
5  3 9 7  4 0 6
6 374 374
7 108 115
I  5 8 9  6 8 1
9 130 I29

1 L  4 9 9  4 9 8
12 489 482
t 3  8 5  8 9

1 1 L

0  3 6 5
| 407
2 950
3  3 9 3
4  5 8
5  4 3
6 320
7 324

l 0  1 8 r
r r  1 8 8

t 3  1 1 8

3 l L

I 502

5  L 7 0
o  2 o 6

9  1 2 8
I O  I 9 4
1 1  1 0 1

5 1 L

7 I L

0  I 8 8  I 8 2
1 8 7 4 1
2 7 2 s 8

- o  z  L

3 8 0 8 3
4 2t6 2I3
5  110 l l l
8  1 8 6  1 8 0
9  2 0 2  2 L O

1 0  9 3  3 3

- 4  2 L

I  1 7 5  I 7 5
2 I75 L'16
3  2 4 7  2 4 2
4  3 8 6  3 9 3
5 9 4 9 7
' t  

68  68
8 2r7 22L
9 6 7 5 7

r0 L02 87
1 1  8 9  7 3
12 156 L67
13 I20  I20

0  281
I  ] J 6

3  1 8 2
4 9'1
5 24L

9 8 8
10 126

o z L

0 r93  196
r 6 5 6 7
2 7 2 8 8
4 180 L79
5 r93  205

- 1  3 L

2 239 23L
3  3 5 5  3 4 6
4  3 6 6  3 5 9
5  1 0 2  8 7
6 8't 96

- )  3  L

I  5 I 2  5 I 7
2  348 354
4 3I5 328
5 26 ' t  262
6  1 5 3  1 5 s
7 460 469
8  5 0 0  6 0 8
9  r 8 5  1 8 3

10 138 L25
lt 330 337

- J  I  L

I  1 5 5 3  1 5 5 0
2 474 484
3 6 7 5 9
4 265 264
5  6 7 2  6 5 8
6 458 4s4
'1 

l-20 1I7
I  574 571
9 519 588

t 0  1 1 9  9 6
I t  388 378
12 463 462

I  t I 5 4  1 1 3 2
2 L048 10Il
3  907 875
4 340 338
5  1 3 4 0  1 3 3 5
6  3 9 3  4 0 5
7 366 373
8 106 I I2
9  684 678

r0  132 126
1 1  7 6  2 5
12 507 492
13 491 479
1 4  8 6  8 7

I  191
2 703
J  d 5 v

4 L'r6
5  r18
6 5 9
7 402
I  I87
9 't9

11 187
1 2  1 5 0
14 79

- 2 4 L

0  8 t  6 7
L 362 357
2 203 t97
3 8 8 9 9
4 79  '17

5 I5 I  159
6 250 251
8 8 0 7 7
9 8 2 5 1

246
I ? I

244
4 5

258
213

8 4
1 5 9
t1'l

3 9 8
4r7
367

9 4

I44
t o r

5 1 9
1 0 7
284
269
230

6 l
5 3 0
570
L76

5 5
364
r84

8 2
I37
137

184
7 0 2
8 4 1
r71
110

7 0
3 9 s
190

9 0
L92
1 6 0

8 0

3 6 6
40'l
9 4 5
3 8 8

7 4
3 2

32L
325
I'19
1 9 1

1 2 5

J ) L

I  3 7 0  3 6 9
2 3L2 3I3
5  130 136
6 209 2I4
9 133 L27

I0  169 173

5 5 [

o 207 2I5
I 218 2L9
3 7 9 8 s
4 93  '12

5 23I 230
7 8 7 9 4

- 6 6 L

L 156 150
2 695 691
3 160 I55
5 223 2L3
o  2 6 z  z t t

7 224 2I7

- 4 6 L

I  375 360
z  ) z )  5 f b

3 642 634
4 202 2I0
5  t l 2  8 6
6  7 9 0  7 8 2
't 

I99 I92
8 253 256

10 38 I  3 '15
I l  8 4  9 0

a  / o J  t t 5
3  6 5 1  6 3 9
4 164 155
5 235 228
6 84 ' t  853
/  o o f  b 5 9

8 245 23''
I 0  3 4 8  3 4 4
11 Il8 I24
L 2  I 3 0  1 3 4

0 6 L

0 1569 1567
L 478 485
Z  J L  b I

3 274 268
4 67 ' t  655
5 463 466
6 t25 I18
7 574 579
I  5 7 8  5 9 8
9  I 0 7  9 7

10 385 38'l
I I  464  47 I
L 2  a 1  6 4

3 9 L

L Z  I A J

I 7 L

0 232
I  103
2 420
3 205
6 202
7 I47
8  101

IO L47
IL L42

3 7  L

t t L

0  1 4 5  1 4 5
1  2 r 0  2 0 7
5 130 146

- 4  8  L

I 6 6 3 5
3 I72 I72
4 146 143
7 I2 I  l t6
8 24'1 24L

-2  8  L

t  1 4 9  1 4 6
2 16I I47
3 317 323
4  1 1 5  1 0 5
5 6 7 9 2
'1 

2L3 2L4
8 156 163
9  7 9  8 s

11 97  LO2

0 8 L

I  I31  138
2 296 296
3 6 7 5 3
4 L57 I49
6  3 0 I  3 0 5't 

3t6 3t8
8  7 2  5 2
9 I70 L't 4

II L79 L79

2 8 L

5 9 L

0  3 0 r  3 0 1
I 5 4 6 6
2 I74 I73
3 452 458
4 276 29L
s  t I 2  1 0 0
6 4 I4  415
7 348 334

r 05

8 9
L42

2 I40  128
3 187 190
5 6 8 9 5
7  2 2 4  2 3 1
I  I07  I34

2 270 273
3  1 4 3  ! 4 4
4 7 8 7 8
6 I49 I52
't 

r97 207
9 9 4 8 0

2 166
J  5 0 v

4 245

8 2r5
9 7 5

11 163
12  179

0 3 ' r2
2  I I 5

- 4 I O  L

502
397
1 7 3
2 9 4
132
r 9 3

9 I

o 233 239
r 266 277
4 6 6 8 1
5 239 240
7  r03  99

0  4 0 4
I  4 3 L
z  J o 3

3  9 0
4 28I
5  1 3 4
6  5 4 8
7 520
8  9 5
9  2 7 6

l t  2 5 3

0 4 L

I  8 3
3 I48
4 163

- 2 1 0  L

0 1 0  L

2 I O  L

r 199 203
Z  L ) J  I ) J

3  1 0 2  8 0
4 '17  

85
5 t lo  116
6 249 257

4 I O  L

- 3 1 I  L

I  1 .24  107
3  r 8 2  1 8 9
4 IL2 105

r 7 5 3 4
2 247 234
3 253 247
s  t t4  I24
7 L97 205

I 1 1  L

0  157 158
1 8 6 7 7
2 226 224
3 99  r05
5  1 3 3  l 3 r

2 4 L

0  6 9
L 544
2 578
4 L75
s 6 t

7 I77
8 5 8

1 0  I 5 I
r r  L 3 3

0 I00  110
r 2r5 201
2 8 4 4 2
3 9 3 9 r

0 208 205
L  Z O t  Z 5 L

3  I 35  131
4 r05 r05
5 361 356
6 204 209
7 160 r49
8 r13 113
9 9 8 9 4

0  2 8 0  2 7 5
1 160 158
2  1 0 1  8 2
3 9 8 9 1
4 9 0 8 5
5 208 188

4 4 L

6 4 L

r  2 9 1
2 3r2
4 9 7

7 1 I0
8  t r3

3 1 0
t I 7

9 7
6 f
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Table 5. (continued)

s89

L OBS CArc L OBS CAI' I, OBS CAIC I, OBS L OBS
L OBS CAIC L OBS

4 0 L

L 629 631
2 r54 t4'7
3 228 222
4  8 3 4  8 5 5
s  6 4 8  6 5 3
6 234 231
8 341 344
9 103 117

L0 139 r34

6 0 L

t  168 169
2 345 352
3 206 196
4  I 0 I  9 4
5  3 2 3  3 3 0
5  3 9 8  3 9 0

- . 7  I L

2 9 3 9 4
4 Is't 165
5 r57  160

- 5  1 L

- z  z  L

1 404 397
2 422 426
3 24t 248
4 185*  238
5 176 t1 ' l
6  328 30r
7  6L4 622
I  3 3 6  3 3 0
9 250 255

1 0  1 9 0  r 9 5
l r  1 3 9  t  3 1
12 290 295
13 I52  139
1 4  9 2  1 0 0

o 2 L

0 418 435
1 9 3 9 5
2 895 897
3  6 3 9  6 3 8
4  5 5  9
5 9 7 9 5
6  1 9 4  1 9 4
7  4 I I  4 0 9
8 7 0 4 8

1 0  r s o  1 4 0
rr 200 r98
L2 99  105
13 I IO I I3

2 2

o 407
r 420
2 8 3
3  311
5  434

7  1 0 6
I  3 r8

10 20L
rt 292

1 3 L

o 
'144 7  20

r  3 7 6  3 4 6
2 4t7 404
3  6 9 0  6 1 4
4 458 449
5  1 0 3 4  1 0 3 1
6  1 1 9 9  1 2 0 9
7 268 216
I  1 7 1  r 7 3
9  6 4 5  6 3 9

r 0  1 0 0  9 2
11 260 252
1 3  4 1 5  4 0 5

3 3 L

0 48r  478
1 5 4 6 2
2 275 27L
3 6 '1 '1  656
4 467 46 ' l
5  r07  r l l
6 59'l 5'15
't 59'l 59 3
I  1 4  9 3
9  4 0 1  3 8 9

r0 461 467
1 1  9 2  6 5

5 3 L

0  6 2 2  6 2 7
r 2t2 207
2 9 5 9 4
3 784 

'786

4 t '12  184
5 248 257
7 370 374
8 r22 97

' l  3 L

- 5 5 L

2 8 9 9 4
3  r 3 0  r 3 8
4 255 25?
6  r 0 r  1 0 0
8 178 196
9 130 L42

t0 
'17 74

r 225 236
2  r 1 0  1 r 5
3  5 4 8  s 3 3
4  3 1 0  3 0 8
5 L2'1 L26
5  1 5 5  1 6 0
7 L25 r43
8  3 0 9  3 r 4
9 7 6 6 3

10 74  5 ' l
t 2  9 3  1 1 1

- I  5 L

156
312
f J J

1r8
6 9
9 6

3 l r

2 6 L

0 986 982
r  I 3 r  A 2 1
2 L23 129
3  3 5 3  3 7 8
4 1035 LO42
5  / O

6 L44 156
8 361 3?r

r 0  7 2  r 7
11 302 301

4 6 L

I  3 4 0  3 3 1
2 273 264
3  1 6 9  1 5 0
4 484 488
5 625 625
6 20r 186
7 143 r30
8 354 352

6 6 L

8 1
224
28L
23L

4 8 L

0 147 155
I  I 8 1  2 O L
3 L02 116
5 247 237
6 152 158

- 5 9 L

I  3 5 6  3 6 4
2 22'1 234
A 268 269
5 13r r37

- 3 9 L

I  80 r
2 206
4  164
5  J b J

6 200
7  I I l
8  3 3 3
9  4 0 0

- 1  9

L  5 2 7
2 648
3  2 1 0
4 9 3
5 

'199

5  1 8 9

9 3'7'l
I0  

'16

1

0  3 7 1
I  6 9
2 34L
3 269
4  1 5 9
5  4 8 8
6 629
7  1 9 0
I  1 3 9
9 342

5 3 0
64'7
2tr

8 8
8 0 3
L92
265
3 8 4

9 7

9 L

3 1 1  L

I 226 2L9
2  9 8  1 0 4

L 244 247
2 

' lL 29
3 275 276
4 L29 140

0 1 2  L

o  7 2 0  7 2 4
r  163 158
3 236 223
4 279 290
5 244 235

0 359

2 9 4
3 9 4

8 0 3
r99
1 7 3
3 6 4
1 9 9

9 8
3 3 4
3 9 5

L

3 7 0
3 7 8

9 0
r 0 2

r  8 3
2 r20
J  1 6 )

4  3 4 6
I  O f

6  l r 9
I  223
9  167

r  255
2 L36

4  384
]  I I f

6 L2L
7 r82
I  3 5 2

r0 58
1 r  87
12  r50

7 8
110
L82
3 5 0

7 5
L26
2 2 2
L82

256
1 3 6
6 3 6
3 9 4
1 1 3
1 3 r
r77
362

6 7
a 2

1 5 0

1 6 3
3 6 3
5 2 2
r09

5 3
8 4

6 0
218
2'15
228

90  r00
100 r09
126 L49
281  277
9 0  6 2

154 r52
I L

L

4 0 0
424
8 6

3 0 6
443

LL2
3 r 5
2 0 8
29r

I  r04  101
9  1 0 4  9 9

r  188 r88
2  1 5 8  1 4 8
1 

'19  65

l 5 L

10
t1
L2
t3

t29

r4'1
1 9 9
1 5 5

8 6
L25

202
173
6 2

299
294

1 9 8
3 5 0
6 5 8
200
1 7 3

29'l
3 0 5
1 1 4
1 6 0

3

7
8

LO
I I

0  200
L  360 1 4 3  1 4 8

3 1 7  3 1 0
203 r98
160 156
2L3 2r'l

8 8  7 4
9 1  7 5

372
2 3

3 3 9
266
r64
495
6 3 0
1 8 9
I 3 I
3 5 3

0 269
1 3 4

- 6 4 L

r37
L94
L57

9'1

t0  100
r1  153 - L ' I  L

2 447 444
3  4 5 9  4 6 r
5  1 8 8  1 9 3
7 309 312
8 r72 L6'l

9  L Z )

related to the relative sizes ofoctahedral and tetrahe-
dral layers, is also typical of other trioctahedral
micas.

It is important to resolve the distribution of cations
among the four different metal sites (the interlayer
site, the tetrahedral site, and two symmetrically dis-
tinct octahedral sites). The structure refinement with
unconstrained metal occupancy factors, combined
with chemical analysis (Table l), are sufficient to de-
rive a reasonable, if not unique, structural formula

for this unusual mica. A crystal-chemical constraint
conmon to all micas is that there must be exactly
four tetrahedral cations per ll oxygens. Of the cat-
ions present (Table l), only Si, Al, and Fe'* com-
monly enter tetrahedral coordination in micas. Mag-
nesium has been observed in four coordination in
iron-free synthetic mica (Tateyama, 1974), but tet-
rahedral magnesium has not been reported from nat-
ural micas, nor has it been observed in any mica with

>(Si + Al + Fe3*) > 4. Furthermore, the refined elec-
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Table 6. Interatomic distances and bond ansles

Dis tance ( l ) Ang le  ( ' ) D is tance

2  . o93  (L )
2 . 0 4 4  ( 2 )
2 . O 7 7

2 . 8 3 4  ( 3 )
3 . o 7  4  ( 3 )
2  . 7  6 7  ( 2 )
3 . o 7  5  ( 2 )
2 . 9 3 2

Ml OctahedronTet rahedron

T-01
T-OI
T-O2
T-03
Mean T-0

01-o1
01-02
or-02
ol-03
01-03
02-o3
Mean 0-O

r - r [ 2 ] f
T-T
Mean T-T

L . 6 5 3  ( 2 )  *
r . 6 5 4  ( 2 )
1 . 6 s 5  ( 1 )
L . 6 5 7  ( 2 )
1 .  6 5 5

2 . 6 7  8 ( L )
2 . 6 7 7  ( 3 )
2 . 6 7 7  ( 3 )
2 . 7  2 3  ( 2 )
2  . 7  2 5  ( 2 )
2 . 7  2 9  ( 3 )
2 . 7 0 L

3 . 0 7 6 ( 1 )
3 .  0 7 8  ( r )
3 . 0 7 7

0l-T-01
01-T-02
01-T-02
o1-T-03
ol-T-o3
o2- T-03

1 0 8 . 1 6 ( 7 )
108 .  08  (13 )
u 0 . 7 4  ( 8 )
108 .  06  (13 )
110 .  7s  ( 9 )
110 .9s  (10 )
L09 .46

M1-03 [ 4 ]
M1 -F [2 ]
Mean M1-O

03-03 [  2 ]
03-03 [  2 ]
o3 -F [4 ]
o3-F [4 ]
Mean O-O

( a d j  a c e n t  )

t rz -o3 l2 l
\12-03 l2 l
r12-F l2l
Mean M2-0

03-03 [  2 ]
03-o3
o3-o3 [  2 ]
o 3 - F [ 2 ]
0 3 - F [ 2 ]
0 3 - F [ 2 ]
F-F

Mean O-0
(ad jacent )

o3 - I11 -03 [2 ]  94 .80 (8 )
o3 -M1-o3 [2 ]  8s .20 (8 )
o3-r . . i l -F[4]  96.04(5)
03 -M1-F [4 ]  83 .96 (5 )
Mean O-M-O 90.00
(adJ acent)

03-n1-03 180.00
F-MI-F 180.00

(opposi te )

M2 Octahedron

K-o l [ 4 ]
K-o2[21
Mean K-O
(lnner )

K -o r [ 4 ]
K-o212l
Mean K-O

^ (K-o)

3 . 0 2 2  ( 2 )
3 . 0 2 0 ( 3 )
3 .02 r

3 .282  (2 )
3 . 2 8 2 ( 3 )
3  . 2 8 2

o . 2 6 L

In te r layer  S i te

2 . 0 9 2  ( 2 )
2 . 0 9 4  { L )
2 . 0 4 4  < 2 )
2 . O 7 7

2 . 8 3 s  ( 3 )
3 . 0 8 2 ( 3 )
3  . 0 7  4  ( 3 )
2 . 7 6 7  ( 2 )
3  . 0 7  4  ( 3 )
3 . 0 8 4 ( 3 )
2  . 7  0 7  ( 4 )
2 . 9 5 5

03-t'12-o3
03-M2-03 [  2 ]
o3-M2-O3 [ 2 ]
o3-r12-F [2]
o3-M2-F | 2 l
o3-rq2-F l2l
F-M2-F
Mean O-M2-0
( a d j a c e n t )

03-M2-03
03-M2-F
Mean O-M2-O
(opposi te)

8 5  . 2 7  ( 9 )
8 s . 2 6 ( 6 )
9 4  . 4 9  ( 6 t
8 3 . 9 3  ( 7 )
9 6  . 3 3  ( 7  '
9 6 . 0 6  ( 6 )
8 2 . 6 6  ( 9 )
90 .  00

L79 .66 (9 )
L 7 7 . 8 3 ( 7 )
L78 .7  5

xParenXhesized figures represent esd's.
+Bracketed figures represent nujxiplicitg.

Table 7. Magnitudes and orientations of thermal ellipsoids

tus Displace-
nenr (L)

Angle  w l th  respec t  to :

tron density of the T site is significantly greater than
that of Si, Al or Mg. It is assumed, therefore, that all
silicon plus aluminum, as well as 0.646 atoms of Fe3*,
occupy this site. The total number of electrons on the

84(4) tetrahedral site (l5.le- based on refined electron den-
'l;[li] sity) and the mean T-O bond distance (1.655A) from
e0 the structure refinement, conform well with this as-
'311i sumed tetrahedral site occupancy.

A second crystal-chemical constraint of all micas
is that there can be no more than 1.0 interlayer cation
per I I oxygens. In this mica the sum of (K + Na +
Ba) is l.ll, indicating that a significant fraction of
these cations are not in the interlayer position. All K
* Ba, as well as 0.013 atoms of Na, are assigned to a
fully-occupied interlayer site. The total number of

ilt" electrons (19.3e-) and the mean inner and outer K-O
101(2) distances (3.021 and 3.2824, respectively) from the
,13[i;] structure refinement are consistent with this assign-
rso(17) ment.

&is

9 0
0

90

r1
f2

r1
r2
.3

f7
f2
r3

r1
r 2
r3

r1

r3

r1
r 2
r3

r1
f2
r3

r1
f 2
r3

0 . 0 9 7  ( r  )  *

0 . 1 0 7 ( 1 )
0 . 1 1 0  ( 1  )

0 . 0 7 1 ( 5 )
0 . 0 9 3 ( 4 )
0 . 1 1 5 ( 4 )

0 . 0 9 1 ( 3 )
0 . 0 9 2 ( 3 )
0 . 1 1 4 ( 3 )

o . 1 7 7  ( 2 )
o . 1 7 2 ( 2 )
0  1 8 0 ( 2 )

0 . 1 4 5  ( 3 )
0 . 1 6 8 ( 3 )
0 . 2 1 8 ( 3 )

0 .  1 4 6  ( 5 )
0 . 1 6 8 ( 4 )
o . 2 2 3 ( 4 )

0 . 1 0 7  ( 3 )
0 . 1 1 0 ( 4 )
0 . 1 1 8 ( 3 )

0 . 1 1 8 ( 4 )
0 . 1 2 3 ( 4 )
0 . 1 2 8 ( 4 )

8 9 ( 6 )
r 5 8 ( 1 2 )
1t-2 (72)

9 0
r 7  8 ( 7  )

9 2 ( 7  )

9 0
1 7 s ( 5 )

9 5  ( s )

7 3 ( 9 )
9 0
1 7  ( 9 )

8 3 ( 5 )
7 4 7  ( 3 )

s 8  ( 3 )

8 9  ( 2 )
9 0

7 ( 2 )

8 3 ( 1 7 )
1 3 9 ( 1 7 )

5 0  ( 1 6 )

7 2 < r 7  )
9 0
1 8  ( 1 7 )

6 (5 )
8 7  ( 6 )
9s  (4 )

0
90
90

0
90
90

90
0

90

8 3 ( 4 )
121 (3 )
148 (3 )

90
0

90

9(27)
81 (21)
90 (10)

9 0
8 s  ( 5 )

5 ( 5 )

2 7  ( 9 )
9 0

1 1 7  ( 9 )

1 7  ( 6 )
7 2 ( 6 )
93(2)

2 7  ( 7 7  '
9 0

1 1 7  ( 1 7 )

All remaining cations must occupy the two octahe-
dral sites. This necessary conclusion leads to one of
the most complex site compositions in any known sil-
icate. The resulting average octahedral layer compo-

*  Patenxhes i  zed  f  igures  represent  esd ,s
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sition. based on three octahedral cations per ll oxy-
gens, is:

Mg, nrrFeo o'Mno *uCa" -5TL u88LL rrrN&o ,,oDo -,

The remarkable Ml and M2 sites thus have cations
of valence 4+,2+, and 1+, as well as vacancies, with

cation radii ranging from 0.61 to 1.02A (Shannon,
1976). The total refined number of electrons on the
two sites. Ml and M2 arc both I l.7e-, and the mean
Ml-O and M2-O distances are both 2.0774- Al'
though the complexity of the octahedral site chemis-
try precludes a unique solution to Ml-M2 cation dis-
tribution, there is no evidence for cation ordering,
consistent with previous refinements of both igneous
(Hazen and Burnham, l9'1 3) and metamorphic (Boh-

ler- et c/., 1980) biotites, as well as synthetic
BaLiMgrAlSi3O,oF2 (McCauley and Newnham,
r973).

The resulting mica, though complex, may be rep-

resented as composed primarily (65Vo) of the ferri-
phlogopite end member, KMgrFe3*SirO,oF2. Addi-
tional components include 23Vo of the magnesium
lithium mica taeniolite, K(LiMg2)SLO,.F2, plus mi-
nor amounts of the phlogopite-annite series and a
Ti-mica. Note that the calculated number of titanium
atoms approximately equals the number of octahe-
dral vacancies, as observed in many other biotites
(lJrazer- and Burnham, 1973). The only previously
unknown component of this mica is approximately
4Vo of an end member with Na in the octahedral
layer.

Analytical uncertainties for fluorine, lithium, and
octahedral Fe'*/Fe3* result in small but significant
uncertainties in the structural formula. For example,
l07o oxy-biotite substituting for fluoro-biotite could
increase the total number of cations from 7.92 to the
ideal value of 8.00. Refined electron density of the
fluorine site (8.3 e-) is smaller than the 9.0 e- value
expected for a pure fluoro-mica. This electron defi-
ciency may imply the presence of an oxy-biotite com-
ponent or undetected (OHf. Uncertainties in lithium
content may also affect the structural formula. If to-
tal lithium is 0.50 instead of 0.75 wl.Vo, then the num-

ber of octahedral cations will decrease from 2.92 to

2.85.
This unusual mica serves a special role in the crys-

talTuation history of the melilite-bearing eruptive
rocks in which it is found. It appears to conc€ntrate
alkali metals, including pbtassium, sodium, and lith-

ium, in an environment that is deficient in aluminum
and thus underscores the adaptability of the mica
structure to a wide range of compositional limits.
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