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T is unfortmJate that so many published analyses of mica are not 
accompanied by the physical (lata for the material used. ~Teverthe- 

less, enough information is available to permit a general comparison 
of the density relations for the group. This is most conveniently made in 
terms of the specific volume, for, in most isomorphous series, the volume 
is an additive property eveu when the molecular volumes of the end- 
minerals differ appreciably. Such a relationship will be shown to hold 
good approximately for the micas; the volume can be calculated from 
constants assigned to the constituent oxides, the difference from the 
observed value being rarely more than 2 per cent. This result does not, 
of course, imply the adoption of any particular chemical theory ; but it is 
convenient to work in terms of molecu]ar volumes, and for that purpose 

1 Communicated by l:ermission of the Director. 
0 
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the theory outlined in the earlier parts  of the present paper 1 has been 
adopted. The micas are regarded as salts of an acid with a constant 
number (6) of silicon atoms; and the volume associated with 6SiO 2 is 
accordingly taken as tbe ' molecular volume'  (mean) ; for formulae bgsed 
on 8SiO 2 the voiumes would, of course, be one-half the va]ues given. The 
group has already been divided into sections of differing chemical 
composition, and the several divisions are reflected in the scheme 
of molecular volumes now obtained (fig. 6). This, however, is simply the 
consequence of the fact that the volume is an additive property, and 
is true whatever formulae are adopted ; but the present formulae are to 
a certain extent supported by the fact that  the molecular volumes derived 
from them are such as would be expected in an isomorphous group ; they 
are  all of the same order of size, hut differ sufficiently to agree with the 
view, already advanced on grounds of chemical composition, that  the 
various sections have limited miscibility. 

The fact that  the vohnne is an additive property will be used in 
discussing the state of combination of titanium. In the micas that  
element (as TiO2) is assumed to replace silica, and the amount present is 
fi'equently high enough for the volume data to afford good evidence 
in favour of this view. But several authors have considered the 
possibility that  ti tanium is present as Ti20~ or in some other form, and 
in one outstanding case it will be shown that the volume data can best 
be explained by the presence of t i tanium in a form not isomorphous with 
silica; for chemical reasons it would seem to be present as TiO 2 rather 
than as Ti20 v 

Calculation of the molecular volu~nes.--If, as iu the present theory, the 
mica molecule contains the same number (n) of silicon atoms in all 
members of the group, i t  becomes possible to calculate the 'molecular 
volume'  (V), i.e. the volume occupied by the matter  associated with nSiO~. 
directly from the silica percentage (a) and the density (p), by means of 
the following formula 

n x 60 x 100 V(obs.) = aXp 

The result is independent of all theory as to the nature of the substi- 
tue,~t groups (provided they do not contain silica), and includes matter 
present in solid solution. I t  can, indeed, be applied in any mineral 
group for the purpose of investigating whether, for a proposed set 
of formulae, the scheme of molecular volumes is consistent with the 

i Min. Mag.. 1925, vol. 20, pp. 305-318, and 1926, vol. 21, pp. 25-33. 
Figures 1-5 and Tables I-IV were given in those parts. 
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isomorphous re]ationship known to exist between the members of 
the group. 

All the volumes for the micas to be given below are referred Co 6SiC r 
For  trlsilicic molecules the values would of course be halved. I f  t i tanium 

340 

320 

500 

O 

_i 
O 
> 

_i 
O 

Z 

{33 

O 
--I 

--I 
rrl 

PHLOGOPITE () 

�9 Co u ' a - ~  o PHEA~, 

: 2  \ -  _o- o _ 

~4o _ C~o;. C _ ~ _  _ 

) POLYLITHIONITE LITE -" 
220 _ 

e 

2 0 0  I I 
o 2 0  4 0  

I R0 (5 ~ 0 2 =6oo)  I 
60 80 tOO 120 

Fro. 6. Molecular volumes for the mica group. The points shown represent  
observed values, the large circles being the values calculated for the  p'u]?e 
compounds. Biotite and pblogopite if  plotted agalns~ ~hoir RO-eontent  would 
lie far to ~he r ight  of the diagram ; their  range of volume has been indicated 
for comparison wi th  that  of tim acid micas. 

is present as TiC 2 replacing silica i t  is necessary to correct the silica 
percentage by adding 3 of the TiO~ percentage, while the fetal material is 
reduced from 100 to (100-- �88 In  some analyses the silica 

o 2  
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percen tage  is given for mate r ia l  dried at  105~ while the  dens i ty  refers 

to  a i r -d r i ed  m a t e r i a l ;  for mica, however,  th is  source of e l ro r  is not  

serious and  has been ignored. The ' o b s e r v e d '  moh~eular volumes in the  

following pages  are those obta ined  by the  above formula.  T h e  : calculated '  

wdues  are der ived frolu the  lnoleeular propor t ions  of R e ,  R203, and  Li :O 

by means of constants  according to the  following equat ion (see p. 200)  : 

V ( c a l e . ) =  1 6 5 4 - 0 . 4 0  (1~203)+0.15 ( R O ) 4 - 0 . ! 3  (I,i20), 

(II203) , &c., be ing  the equ iva len t  numbers  for the  respect ive  oxides when  

S I O 2 = 6 0 0  , as given ill tile p resen t  tables.  Observed and  calculated 

values show close agreement  t h roughou t  the  whole  group, as will be 

seen fi'om the  data  tbr  the  various sections below. 

(a) Muscovite-Thengite.-- 

Analysis. 1 Re. V(obs.). V(calc.). 
Dana, 3 ... 6 291 288 
Kunitz, 1 ... 10 286 290 

4 ... 10 278 282 
Dana, r ... 1l 286 289 
Kunitz, 2 ... 13 284 286 

oBoeke, 3S ... 14 277 279 
Dana, 8 ... 16 268 279 
Kuniiz, q ... 17 280 283 
Dana, 1 ... 22 279 286 
Kunitz, 8 ... 25 279 279 
Dana, 2 ... 26 278 284 
Kuni,z, 10... :,t 273 276 

Analysis. Re. Y(obs.). r(cale.). 
Kunitz, 11 ... 83 280 285 

,, 6. . .  34 278 280 
,, 7 ... 37 278 278 
, ,  5 . . .  37 279 278 

9. . .  41 272 279 
Dana, 
'b io t i te '  6. . .  43 276 288 

,, 15... 49 272 279 
, 10.. .  51 266 278 
,, 17 ... 72 263 262 
, 18... 112 255 262 

These values i,~dic~de a p, ogressive contraet iml  as the propor t ion 

of phel)gite itlcreases, a resu l t  t]m~ m i g h t  be an t ic ipa ted  for the replace- 

m e a t  of Al~O 3 by the small group 1)~0. The decrease in volume is about  

25 uni t s  for the in t roduc t ion  of 1 0 0 R e ;  th i s  is the  value t~sed to 

ascer ta in  the  cons tan t  for A]20 3 (p. 200). The volume of pure muscovite 

is t a k e n  to be 285. 

(b) Lelgidolite.--The older analyses yield the  following values:  

AnaIysis. V(obs.). V (talc.). Analysis. V(obs.). V (caIc.). 
Dana, 1 . . . . . .  250 2(;0 Dana, 4 . . . . . .  259 258 

,, 2 . . . . . .  249 262 Kunitz, 3 . . . . . .  244 246 

Tile r a t h e r  high difference ill Dana (2) corresponds wi th  a deficiency ill 
(K,  Na)20.  

i See Part  I of this paper, p. 317. 
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The first two analyses from Dana are incomplete ; unfor tunately  there 
seems to be no record of the density of a normal lepidolite, though the 
formula is supported by a series of good analyses. In  the analyses last  
quoted the alkalis agree well with the ratio K20 : 6SiO 2, bu t  in all cases 
except one the amount  of l i thia exceeds the simple value 100, so tha t  
these mi~erals are presumably mixed with polyl i th ioni te ;  while the 
analyses of Genth  and Hal l  show a deficiency of bases and can be 
represented as belonging to the series lepidoli te- irvingite .  Thus in all  
these cases the volumes will be somewhat below that for the simple formula. 
The volume 13 has been assigned to Li20 since this yields satisfactory 
calculated values for all the l i thia micas, including those given above ; the 

calculated volume of true lepidolite is then 258. 

(c) Zepidolite-cryoThyllite (Par t  I, p. 8 1 7 ) . -  

Analysis. RO. V(.obs.). V(cale.). Analysis. RO. V (obs.). V(calc.). 
Lepidolite Kunitz, 5 ... 52 246 249 

(theory) ... 0 - -  258 Dana, 3 ... 94 240 240 
Kunitz~ 4 ... 85 254 257 

The replacement of R~O 3 by RO is marked by a contraction analogous 
with that  in the muscovi te-phengi te  series. (See fig. 6.) 

(d) Polyllthionite (Part  ], p. 318 ) . - -The  only density available yields 
the volume 216. Potash has largely been replaced by soda (p. 201), 
so tha t  this value will no doubt be lower than  that  of the potash 
compound, which has the calculated volume 281 ; al lowing for this, i t  is 
clear that  the further substi tution of l i thia for the a lumina  in lepidolite 
has again diminished the volume by about  27 units  for the in t roduct ion  

of 100LifO. 

1 F. A. Genth, Amer. Journ. Sei.~ 1892, ser. 3, vol. 44~ p. 888 ; Japan. 
2 A.  G. :Hall, Victoria Mines Report for 1908, 1909, p. 66 ; Coolgardie. 
a E. S. Simpson in A. N. Winehell, Amer. Journ. Sci., 1925, ser. 5, vol. 9, 

p. 424 ; Coolgardie. 
4 C. G. Gibson in A. N. Winchell, ibid., Coolgardie, Western Australia. 

Additional lepidolites (not given in Pa r t  I ) . - -  

Genih~ ... 131 27 158 103 95 24 138 162 234 235 
H a l l  2 ... 158 5 163 114 97 . . . .  240 243 
Simpson s ... 159 19 178 135 95 17 150 167 245 249 
Gibson 4 ... 167 12 179 141 105 7 ]45 152 257 253 
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(e) Le~idotite-2rotolithionite ~Part I,  p. 818). The analyses discussed 
in Par t  I indicate that this series is derived fl'om lepidolite by addit ion 
of R e  ; at, the basic end of the series Li20 is replaced by Re .  

Analysis. V(obs.)r V(calc.). Analysis. ~(obs.). r(calc.). 
Kunitz, 8 . . . . . .  264 266 Stelzner . . . . . .  806 805 

,, 9 . . . . . .  266 268 Kunitz, t0 ... 286 279 
Dana, 8 . . . . . .  328 305 , 11 ... 296 290 

In  obtaining the ' ca lcula ted '  volumes allowance is not made for the 
high alkali-content which has no doubt raised the observed values 
for Dana (8) and Kuni tz  (10). 

(f)  I~'vingite (Part I ,  p. 318) . --Unfortunately the density is not 
recorded, but  two analyses already given under lepidolite suggest tile 
existence of a continuous series of mixtures between the two minerals. 
The calculated volume is 206 (11 units being deducted since only 1H20 
is present). 

(g) Phlogoplte.--The observed volumes are : - -Dana  (' System', p. 688) 
(1) 289; (2) 293, (8) 288, (11) 297, (12) 293. Wilese indicate for pure 
l)hl0gopite the value V = 295. Phlogopite is derived from muscovite by 
the substitution of 2 R e  for 2A1203, coupled with the addition of 4Re .  
The molecular volume of nmscovite is 285. I f  we assume that  the  
replacement of A]203 here produces the same volume-change (25 units~ 
as in the muscovite-phengite series, t h e  molecular volume V of the 

additional ' R e  can be calculated as follows : 

2 9 5 = 2 8 5  --  2 5 x 2 +  V x 4 .  

The volume of ' add i t iona l '  R e  is therefore 15. This is really 
the vMue for MgO, hut it will be shown that  in the bietitcs the substitu- 
tion of F e e  for ~ggO does not produce any marked disturbance in 
the volumes. 

I f  the volume of substituent R e  is also 15, a n d  V (A12Oa~RO)=25, 
the molecular volume 40 must be assigned to AI20 ~. The volume of the 
common mica-nucleus K~O. 6SiO 2 : 2H20 (i. e. muscovite - -  3A1203) is 
therefore 285 --  3 x 40 = 165, and the volume of any given mica is to be 
calculated by adding to this nucleus the volumes due to R~O~, R e ,  and 
Li~O according to the following equation 

V (mica) = 165 + 0.40(R203) + 0.15~RO) + 0.13(L120), 

(R203), &e., being the equivalent numbers ibr the respectiv e oxides when 
SiO 2 = 600, as given in the tables appended to Parts I and I I  of this 
paper. The values so obtained are the ' ca l cu la t ed '  values given in the 
present note. Throughout the whole group the difference between 
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observed and  calculated values  rare ly  exceeds 2 per  cent. ,  and  near ly  

every ins tance  of grea te r  dev ia t ion  is a t  once seen to be re la ted  to the  

presence of an  abnormal  amoun t  of a lkal i  or of water.  

(h) Other basic micas.--Observed and  calcula ted volumes for t he  new 

analyses have  a l ready been g iven  in Table  I l I  ( P a r t  I I ,  p. 81). The  

ag reement  is ve ry  sat isfactory,  the  only serious differences (except  no. 44 )  

be ing  explained by  the  presence of add i t iona l  wa te r  (1), excess or  

deficiency of potash  (17, 19, 20, 22, 43), and  the  rep lacement  of po tash  

by soda (24).  In  the  same way the  fol lowing resu l t s  from o l d e r  data  

show good agreement .  

Analysis. V(obs.). V (talc.). Diff'. 
Dana, 1 ... 314 817 --3 

,, 2 . .  310 307 3 
,, 5 ... 326 821 5 
, 7 ... 309 312 --3 
,, 11 ... 312 317 --4 
,, 22 ... 314 306 8 
,, 29 ... 330 326 4 
,, 31 ... 817 813 4 

Analysis. V(obs.). V(ealc.) Diff. 
Boeke, 76 ... 336 832 4 

,, 99 ... 326 825 1 
,, 133 ... 311 807 4 
,, 134 ... 293 295 - 2  
,, 135 ... 282 290 --8 
,, 136 ... 312 305 7 

.:, 137 ... 300 302 - 2  
,, 190 ... 307 303 4 

I t  is clear from the  close ag reemen t  t h r o u g h o u t  the  g roup  t ha t  the  

subs t i tu t ions  of F%O 3 for A]2Oa, and  of F e O  for MgO, cause no grea t  

d i s tu rbance  in  the  molecular  volume. This  accords w i t h  the  close 

isomorphous re la t ions  be tween  those oxides, 

Substitution of sodium for Totassium.--The ' calculated ' volumes g iven  

are based  oil the  assumpt ion  t h a t  all  t he  a lka l i  is p resen t  as potash.  

Calcula ted  values  for the  soda micas wil l  therefore  differ f rom the  

observed values by an  a m o u n t  equal  to V(K20 ) - -  V(Na~O). T h u s :  

Paragonits ( P a r t  I, p. 8 1 7 ) . -  

Analysis. V (obs.). V (ealc.). Diff. 
Dana, 2 . . . . . .  279 295 16 

., 4 . . . . . .  259 280 21 
,, 6 . . . . .  : 267 288 21 

Al lowing for the  low wate r  conten t  in D a n a  (4), V(K,O) --  V(NasO ) 

is approx imate ly  15. This  agrees  wi th  the  da ta  tbr  polyl i th ioni te ,  where  

the  rep lacement  of two- th i rds  of the  po tash  by  soda t o g e t h e r  with. the  

loss of 1 H 2 0  corresponds wi th  a deficiency of 15 u n i t s  in  the  observed 

volume. 

Volumes of H20 and F r - - C o n s i d e r a b l e  va r ia t ion  in the  amoun t  of 

these cons t i t uen t s  has  bu t  l i t t le  effect on the  molecular  volume, so tha~ 

the i r  volume cannot  be large.  Cons idera t ion  of a n u m b e r  of  ex t r eme  
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cases, like biotite (new) no. 1, 1)oints to a value hetween 10 and 15 for 
H~O, while it is clear from the phlogopites (|). 200) that replacement 
of (O:H)2 by F 2 causes but little alteration. 

Valency of tltanize~.--Ill c~dculating the molecular ratios for the 
present tables it has bee11 assumed that titanium is present as the 
dioxide, isomorphous with SiO~. This is the view taken by Xunitz, 
and the older analyses in general yield simpler values for the ratio 
K20 :S iO  2 if tit~mium is included with the silica. Here the mole- 
cular volumes afford a more sensitive indication than do the molecular 
ratios, as will be seen from the analyses of titaniferous micas tabulated 
in full below (Table V). For each analysis the upper line (a) shows the 
result of including titauia with silica iu the usual way, while the second 
line (b) gives the values when titania is taken along with the group 
I{~O s. The first four micas, which are representative of those tabulated 
earlier in this paper, give quite normal values by the first method (.top 
lines), aud the observed and calculated values agree ; but the volumes 
ohtained by the second method (lower lines) show throughout a larger 
difference from the calculated values, and in two cases lie outside the 
usual limits for biotite. The agreement between observed and calculated 
volumes for the titaniferous micas in the tables already given would thus 
seem to imPlY that the titanium has been correctly assigned to TiO 2 
replacing silica. The last analysis in this group of Table V appcars, 
however, to indicate a transition to those of the second group. 

The analyses in the second group of Table V were not included in the 
genelal tables. They show an unusually high coutent of titanium, and 
normal values ~lre found in the second lines. If  the titanium is included 
with SiO~ (top lines)the volumes are well outside the usual limits for 
biotite, there is a marked difference between the observed and calculated 
wtlues, and the other data are less consistent with the values for ordinary 
biotites. I t  would seem, therefore, that the titanium c~mnot be regarded 
as replacing silica, but must be placed either in the group R~Oa or as 
an independent constituent. There are serious chemical difficulties in 
admitting the presence of Ti20 s in a mineral containing ferric iron, but 
the case may be comparable with the admixture of (Mg, Fe)O.TiO 2 in 
haematite. 

Further light on the behaviour of titanium is afforded by the data for 
the mineral astrophyllite given in the third section of Table V. In  this 
mineral, which is evidently closely allied to the micas, the content 
of alumina is small ; but the total value for 1~20 s (including the titanium) 
is still about 100, as iu phlogopite, and the other data resemble those for 
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Table V. Bioliie : molecular ratios and  volumes when  (a)  (Si ,Ti  02 = 600 and  

(b) SiO 2 = 600. 

1. Typ i ca l  b io t i t e s  w i t h  TiO 2 r e p l a c i n g  SiO~.--  

K u n i t z ,  11 ... 3.06 (a) 199 464 99 217 315 314 1 
(b) 243 505 108 236 345 338 7 

K u n i l z ,  12 ... 2.56 (a) 180 48,9 101 239 ~ - -  314 310 4 
(b) 216 525 108 257 839 330 9 

Boeke ,  190 ... 3.16 (a) 164 482 97 191 5 196 307 803 4 
(b) 193 513 104 203 5 208 330 819 11 

Dana ,  22 ... 4-73 (a) 179 459 104 119 - -  - -  814 306 8 
(b) 230 508 115 129 - -  ~ 351 3,%3 18 

Boeke,  135 ... 7.68 (a) 164 895 107 50 ~ --  282 2(J0 - - 8  
(b) '238 457 124 58 - -  - -  333 329 4 

2. A b n o r m a l  b i o t i t e s  f r o m  the  s h o n k i n i l e  of K a t z e n b u c k e l ,  B a d e n ;  Ti02 
r e p l a c i n g  R~O a, - -  

Doel te r ,  101... 10.86 (a) 104 
~b) 193 

Doelter~ 102 . .  12.02 (a) 121 
(b) 2-~ 

R o s e n b u s e h  I . 12-56 (a) 84: 
(b) 177 

418 82 76 - -  - -  248 270 - 2 2  
509 103 96 - -  - -  310 318 - 8  
388 89 48 - -  - -  251 271 - 2 0  
487 111 60 324 328 - -1  
370 84 32 14 46 
459 104 39 18 57 - -  - -  

3. A s t r o p h y l l i t e  ; t i t a n i u m  r e p l a c i n g  l~2Os.-- 

Dana ,  2 1 ... 7.09 (b) 108 502 104 104 - -  - -  296 284 - -  
, 5 ... 11.11 (b) 98 559 l l O  200 26 226 
,, 6 ... 13.58 (.b) 134 421 95 198 - -  - -  295 282 - -  
,, 7 ... 11.4 (b) 95 485 117 233 - -  --  - -  

S m a l l  a m o u n t s  of  z i r c o n i u m  (op  to 5 p e r  cont . )  b a r e  been  i n c l u d e d  w i t h  SiO,, 
a n d  t h e  v o l u m e s  are  c a l c u l a t e d  a c c o r d i n g l y .  

t h e  m i c a s .  W h e n  p l o t t e d  on  t h e  d i a g r a m  g i v e n  i n  f i g u r e  5,  t h e  f o u r  

p o i n t s  l i e  a l o n g  t h e  l o w e r  b o u n d a r y  of  t h e  b i o t i t e  a r e a .  T h e  v o l u m e s  

a g r e e  f a i r l y  w e l l ,  b u t  t h e  u n u s u a l  c o m p o s i t i o n  p r e v e n t s  a c l o s e  c o m p a r i s o n ,  

s i n c e  t h e  v o l u m e s  o f  z i r c o n i u m  a n d  t i t a n i u m  a r e  n o t  a c c u r a t e l y  k n o w n .  

P h y s i c a l l y ,  t h o u g h  c l o s e l y  r e s e m b l i n g  a b i o t i t e ,  t h e  m i n e r a l  i s  b r i t t l e  

w i t h  a p s e u d o - t e t r a g o n a l  p e r c u s s i o n  f i g u r e ,  a n d  h a s  d i s t i n c t i v e  o p t i c a l  

c h a r a c t e r s .  I t  c o n s t i t u t e s ,  t h e r e t b r e ,  a n  i n d e p e n d e n t  s p e c i e s ,  b u t  i s  

I H.  R o s e n b u s c h  (A. Osann) ,  ' G e s t e i n s l e h r e ' ,  5 t h  edit . ,  1923-24,  p. 224. 
' W o d a n i t e . '  T i le  o t h e r  two  a n a l y s e s  a re  g i v e n  in  t he  3 rd  ed i t i on ,  1910, p. 201. 
[Min .  A b s t r ,  vol .  2, p. 11.] I t  w i l l  be n o t e d  t h a t  t h e s e  m i c a s  h a v e  an  a b n o r m a l l y  
l o w  c o n t e n t  of  wa t e r .  

2 Dana's  ' S y s t e m  ', 1892~ p. 719. S m a l l  a m o u n t s  of CaO, &e,  a r e  o m i t t e d .  
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appa ren t ly  re la ted  t o  the  biot i tes  in somewhat  the same way as tile 

b iax ia l  mine ra l  basse t i te  is re la ted to the  un iax ia l  torl)ernite.  S t r u c t u r a l  

modif icat ions of th is  k ind are often accompanied by l i t t le  or 11o change in 

the  molecular  volume. The Ka tzenbucke l  mica,  on the  o ther  hand,  

would seem to be a t r ue  b io t i te  in  physical  proper t ies  as w~,ll as in general  

composition. 

True  molecular volumes. 

The values given represen t  the  volume in cubic cen thne t res  occupied 

by the  molecular  weight  in  grams.  Since an  atom of hydrogen  is 

known to weigh 1.66 x 10 -24 grams,  the real volumes occupied by  the  

respect ive atoms or groups can a t  once be ascer ta ined.  These volumes 

include the  interspaces,  and the  pa r t i t ion  of a crys ta l  into  separate  

domains  for the  cons t i tuen t  oxides appears  at  first  s ight  pure ly  a rb i t ra ry .  

Bu t  the  volumes g iven  are based, not  upon  any  a rb i t r a ry  form of cell, b u t  

upon  the  expans ion  effect due to the  in t roduc t ion  of a known amount  of 

the  oxide in to  a space-latt ice common to the mica  group. The  lat t ice 

behaves  w i th in  cer ta in  l imi ts  l ike a l iqu id  or an  extensible  network,  and  

the  vo lume-cons tan t  for an  oxide in mica can be as precisely defined, 

t h o u g h  i t  is not  so accurate ly  known, as t h a t  for a salt  dissolved in a 

l iquid.  The  following table  summarizes  the  da ta  here ascer ta ined for the 

micas : 
True molecular volume = 

Oxide. Molecular volume V. 
V x  1-66 x 10 -24 

R~O s . . . . . . . . .  40 . . . . . . . . .  66.4 x 10 -2 '  

RO . . . . . . . . .  15 . . . . . . . . .  24.9 
Lifo . . . . . . . . .  13 . . . . . . . . .  21.6 ,, 
K20.6Si02.2H20 ... 165 . . . . . . . . .  274 ,, 

Also (less accurately known) : 
K20 . . . . . . . . .  41 . . . . . . . . .  68 ,, 
Na20 . . . . . .  26 . . . . . . . . .  43 ,, 
SiO~ . . . . . . . . .  17 . . . . . . . . .  28 ,, 
HuO . . . . . . . . . .  11 . . . . . . . . .  18 ,, 


