
THE BIOTITE SYSTEM

A. N. WrNcyr,n, Uniaersi.ty of Wisconsin,
Madi,son, Wis.

Ten years ago the writer published the resultsl of certain studies

in the mica group and presented diagrams showing the approxi-

mate relations between variations in composition and in optic

properties in certain parts of the group. At that time in dealing with

biotites, the most difficult problem was to determine the correct

end-member molecules, especially with respect to ferric iron and

titanium; but they were both finally considered as proxying for

magnesium. Since that time the writer has shown that ferric iron

probably proxies for magnesium in chlorite;2 Kunitz has demon-

strated that ferrous iron in biotite can be changed artificially to the

ferric state without destroying the crystal;3 Barnes has shown that

the same change can be produced (and reversed) in hornblende,a

and that the change is accomplished by eliminating hydrogen and

not by adding oxygen. Therefore the idea that ferric iron proxies

for magnesium in biotites is no longer an assumption based chiefly

on a study of the analyses, but is at least a reasonable theory.

During the last few years, Machatschkis and Jakob6 have adopted

the view that titanium also probably proxies for magnesium, at

least in large part.
It seems desirable to re-examine the data for the biotite system

and revise the diagrams, partly because of new data (36 new analy-

ses) and partly because a square diagram must be so constructedT

that if the molecules at the corners are A, B, C, and D, (A and C

being at diagonally opposite corners), 50A+50C must equal

50B+50D, s ince Lhe centra l  point  oI  the square represents equal

parts of A and C, and also represents equal parts of B and D'

Therefore, it is incorrect to use HaK2(Mg,Fe)oAlrSioOzr and

HaK2(Mg,Fe)bAl4SibO24 at the corners; it is necessary to use

s {uoxr lug,Fe)oAlzSioorq }  and o { r rnrr lvg,Fe)rAl .Siboz+}.  A

I Anc. f ou.r..Sci., Vol. 9, pp. 309-327 and 415-430, 1925.
2 Am. Iour. Sci., Vol. ll, pp. 283-300, 1926.
3 Zeit. Kri.st, Vol. 70, p. 508, 1929.
a Am. Mineral., Vol. 15, pp. 393-417, 1930.
5 Cent. Min.,1930, pp. l9l-2}0 and255-267.
6 Zeit. Kri.st, VoI. 82, p.271, 1932.
7 Dr. N. L. Bowen kindly called the writer's attention to this method of testing

a square diagram.
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comparison of the diagram (Fig. 2) now presented with that pub-
lished ten years ago shows that this change has very l itt le effect
on the position of the l ines representing optic properties, although
the point representing any given analysis is shifted somewhat
toward the left margin.
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Frc. 1. Variations in composition in the biotite system.

RBlrnBNcns loR BrorrrE Anar,vsos, Frc. 1

No. 1 is Doelter's 160 (Hdb. Mi.neralch,II,2, 1917, p. 680). No. 2:Doelter's
181. 3, S. Weidman: Wis. GeoI. Surv. Bull., vol. 16, 1917 , p. 295, and F. F. Grout:
Am. M'ineral., vol.9, !924, p. 159. 4:D. 81. 5, G. Schauberger: Cent. Min., 1927,
A, p. 89. 6 :D. 178. 6a, S. Weidman : loc - cit., p. 295. 7, W. Wahl: F ennia, vol. 45,
1925, No. 20, p. 80, 83-88. 8, B. Koto: Jour. GeoI. Soc. Tokyo,26,79!9, p. 407 and
7. 9 :  D. 19 (p. 725). l0 :D. 23 (p. 726). 11 : D. 115. 12 :D. r l4. 13 : D. 168. 14,
W. Kunitz: Zeit  Krist. ,  vol.70, 1929, p.508, No. 4 (:Kunitz 1). 15:D. 166.
16 :D,  78 ,  16a,  F .  F .  GrouI :  Am,  Mi ,nera l , . , vo l .9 r1924,  p .  159,  No,  3 . t7 :D.17 t .
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l7a:D.l72.78, Kunitz: lst loc. dl.  No. 6. 19: D. 79. 20:D.96. 21, Krnitz lst
loc .  c i t .No.5 .22 ,W.  Kun i tz :  N .  Jah . rb .  Min ,  B I .  Bd .50 ,  192+,  p .412,  No.  10
(:Kunitz 2).22a,F.F. Grott: loc.cit . ,  No.4. 23:D.134.24,H. Eckermann: Tsch.
Min .  PeI .  M ' i t . , vo l .38 ,  1925,  p .277 ( :Brp" rmann 1) .25 :D.  148.26 :D.101.
27 :D. l42 .28 ,P.Se ide l :D iss  Un i l .Zur ich , lg }6 ;Ze i t .Kr is t . , vo l .57 ,1923,p .416,
No.  IV .  29 :D.143.30 :D.  71 .  31 :D.  141.  32 :D.  103.  33 :D.102 34 :D.  105.
35 ,J .Jakob:Ze i t .Kr i , s t . , vo1  79 ,  1931,p .367,No.61  ( :Jakob l ) .36 :D.8(p .723) .
37, E. S. Simpson: Jour. Roy. Soc.W. Austral. . ,  vol 18, l93l-32, p.61.38, Seidel:
I ' o c . c i , t . , N o . V I . 3 9 : D .  1 4 0 . 4 0 : D . 6 ( p . 7 2 2 ) . 4 1 , S e i d e l : l o c  c i t . , N o . V . 4 2 : D .
150. 43 : D. 133. M :D. 149. 45 : D. 139. 46 : D. 80. 47 : D. ll2. 48, GrotL: Ioc. ci.t.,
No. 1.49, Seidel: lac. czt., No. I. 50, Seidel: loc. cit., No. II. 51, W.Kunitz:' Zeit.
Rrist., voL70,7929, p. 508, No. 2 (:Kunitz 2). 52,W. C. Broegger: Vi.d. Shr. Mat.
Kl. , I ,  1920-21, No. 9; Zeit Krist. ,  vol.57, 1923,p.421. No. 14, 53:D. 70.54, I .
Jakob and I. Parga-Pondal Zeit. Kr'ist., voi.82, 1932,p.271. No. 68 (:Jakob 2).
55 :D.50 .56 :D.52 .57 ,  J .  Jakob:  Ze i t .  Kr is t . , vo l .79 , l93 l ,  p .367 and 82 ,7932,
p.271, No. 56.58:D. 28. 59, H. v. Eckermann: lst loc. ci t .60, H. v. Bckermann:
Geol. Far Farh. Stochholm, vol. 44, 1922, p.384 (:B.p"t-ann 2). 6l:D. 12 (p.
718).62, Kunitz: 2dl.oc. ci t . ,  No. 1. 63, J. Jakob: Zeit.  Krist. ,vol, .82, 1932,p.271,
No.67  ( :Jakob 3) .64 ,  Jakob:1s t  loc .  c i t . ,and2d loc .  c l t .  No.55 .65 ,  Jakob:2d
Ioc. cit.,No 70. 66, Eckermann'.Istloc. clr. No. IV. 67, J. Orcel: Bull. Soc. Fr. Min.,
vo l  48 ,  1925,  p .362.68 :D.  21 .69 :D.32 .70 ,Jakob:2d loc .c i t .  No.69 .  71 ,  Kun i tz :
2d loc. cit, No. 3, 7 2, K:unitz'. 2d loc. cit. No. 6 73, H. S. Washington: Am,. f our.
Scl. ,  vol.  14, 1927, p. 17 3.74:D.67 (also Kunitz; 2dloc. ci t .  No. 7, p. 386). 7.5: I l .
72 .76 ,K lan i tz :2d loc .  c i t .  No 2 .77 ,  Kun i tz :  2d , loc .c i t .  No.7 .78 ,  Kun i tz :2d loc .
dir.  No. 4. 79 :D.82. 80: D.51. 81, Jakob : 3rd loc. ci t .  No. 62. 82, Jakob: 3rd loc.
cal.  No. 65. 83:D.10. 84, Kunitz: 2d loc. ci t .  No 5. 85, Jakob: 3d loc. ci t .  No. 64.
86, Jakob: 3rdloc. ci , t .  No.63.87:D.196.

In calculat ing biot i te analyses, l ime has'been omitted, since

Jakobs and Kunitze have shown that micas contain l i t t le, i f  any,
l ime. I t  may be that biot i te (as original ly formed) contains some
ferr ic iron, but i t  seems probable that biot i tes contain much ferr ic
iron only as a result of oxidation of ferrous iron in the crystal by
natural processes, and, for simplici ty, al l  ferr ic iron has been cal-
culated as i f  i t  were ferrous iron (that is, Fe2O3 is considered to be
equal to two FeO). Manganese monoxide is also calculated as fer-
rous oxide. Since the studies of Jakobl0 and Machatschki lr  indi-
cate that titanium proxies chiefly for magnesium, in spite of the
marked dif ference in valence, i t  has been calculated with ferrous
iron, as i t  was in the study made ten years ago. Fluorine is cal-

8 Zeit lGist, vol. 61, p 155 ; voI. 62, p. 433 ; vol. 64, p. 430; vol. 69, p. 217 ; vol.
69 ,  p .403;  vo l .69 ,  p .  511.

s Zeit.  Krist,  vol.70, p.508, 1929.
10 Zeit.  Kri .st. ,  vol.  82, p.271, 1932.
1\ Cert. Min, 1930, pp. 191-200, 255-267.
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culated as equivalent to hydroxyl. Soda is calculated as equivalent
to potassa. In all these cases the basis of calculation is, of course,
molecular proportion and not weight percentage.
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Frc. 2. Variations in composition and optic properties in the biotite system.

RBlBnoNCrs loR FrG. 2

1. F. F. Grottt: Am. Mineral,., vol. 9, 1924, p. 159, No. 7 . N 
": 

1.677, Np: 1.612.
2. G. Schauberger: Cent. Mi.n.,  1927, A, p. 89. (-)2V:21'+; Ne:1.697, Np

:1 .616.
3. F. F. Grout: loc. ci l . ,  No. 9. N*:1.677, Np:1.623.
4. B. Koto: f  our. GeoI. Soc. Tokyo, vol.  26, 1919, p. 407. N":1.672, N^:1.671'

NP:1 '614 '
5. F. F. Grout: loc. czl. ,  No. 8:Doelter 's 115. N*:1.672, Np:1.618.
6. W. Kunitz: N. Jahrb. Min. Bl.  Bd.,50, 1924,p.365, No. 12 (p.386) r ' f" :?,

Np:1.605.
7. F. F. Grort:loc. cil., No. 10. Rammelsberg's analysis. Ng:1'672, Np:1.614.
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8. H. v. Eckermann: Tsch. Min. Pet. Mit. ,  vol.  38, 1925, p.277,2Y:1I"26',
Ne: 1.6311, N-: 1.6305, Np: 1.5887.

9. F. F. Grout: loc. ci l . ,  No. 3, N*:1 655, Nn:1.695.
10. F. F. Grort'.loc. cll., No. 10, Schliipfer's analysis. N*:1.672, Np:1.614.
11. F. F. Grout ' . Ioc. cl l . ,  No. 4, Ng:1.664, Np:1.610.
12. W. Kunitz: I,oc. ci,t., No. 4 (p. 386) Ne: ?, No:1.598.
tr3. J. Jakob: Zeit.  Kri .st. ,  vol.  79, 1931, p. 367, No. 59, N*:1.643, Np:1.582.
14. J. Jakob : loc. cit., No. 60, N" : 1.634, No : 1.543.
15. F. F. Grout ' . loc. ci l . ,  No. 11:Doelter 's 142. Ns:1.655,Np:1.592.
16. H. W. Turner: Am. Jour. Scd., vol. 7,1899, p. 294, No. 1743. A. N. Winchell:

Am. f our. Sci. ,  vol.9, 1925, p. 309, Ns:1.647-1.653, \ :1.588-1.593.
17. l .  Jakob:loc. ci t . ,No.61, N*:1.625, \ :1 589.
18. H. W. Turner: loc. ci.tr., No. 1751. A. N. Winchell loc. cit., N*:1.638, No

:1 .588.
19. F. F. Grout: loc. ci l . ,  No.2, Ng:1.640, Np:1.597.
20. W. Kunitz: Ioc. ci , t . ,No. 10, N*:?, Np: 1.588.
21. J. Jakob: I ,oc. ci t . ,  No. 57, N*:1.642, No:1.546.
22. E.Zschimmer: Inaug. Diss. Jena, 1898. Zeit. Kri,st.,vol.33, 1900, p.491. Given

by Doelter as No. 6 on p. 722. (-)28:23'-30',  Ns:1.62, N-:1.60. Np:1.58.
{ N" and N- must be very nearly equal since ( - )2E: 23"-J0' } .

23. S. Kozu and S. Tsurumi: Proc. Aco.d. Tokyo, vol. 9, 1933, p. 265. (-)28:23"-
32", N*: 1.666, Np: 1.557.

24. F.F. Grott:Loc.czl. ,  No 1 (-)2V:small .  Y:6, Ne:1.630, No:1.539.
25. W. Kunitz loc. ci t . ,No. 9, Ns: 1.610, No:1.5795.
26. F. F. Gro:ut: loc. ci l . ,  No. 12, N*:1.535, Np:1.550.
27. W. Kunitz: I ,oc. ci t . ,  No. 4. N*:7, Np:1.5385.
28. H. v. Eckermann: loc. ci t . ,  (-)2V:+"30',  Ne:1.5795, Np:1.5452.
29. W. Kunitz: loe . ci t . ,  No. 2. Ne:1.5664, Nu:1.5333.
30. H. v. Eckermann: loc. ci t . ,  (-)2V:6"20',  Ne:1.5801, Ne:1.5506.
31. J. Orcel: Bul l .  Soc Fr. Min., vol.48, 1925,p.362, (-)2V:0',  Ng:1.5919,

Np:1 .5529.
32 .  W.  Kun i tz : loc .c i t . ,  No.5 ,  N* :? ,  Np:1 .5466.
33. W. Kunitz' . l ,oc. c' i t . ,  No. 6, Ns:1.5845, No:1.5493.
34. W. Kunitz: loc. ci t . ,No. 3, Ng: 1.577, No: 1.5432.
35. W. Kunitz' . loc. ci t . ,  No.7, Nu:1.5942, No:1.5539.
36. W. Kunitz: loc. ci t . ,  No. 1, N*:1.$82, No:1.5451.
37. W. Kunitz:.  loe. ci t . ,No. 8, Ns:?, Np: 1.5594.
38. H. S. Washington: A m. J our. S ci., v oI. 14, 1927, p. l7 3. ( -)2V : 20', N" : 1.61-

1 .62 ,  \ :1 .56-1 .57 .

There are some analyses of biotite which can not be calculated
according to these rules into HaK2(Mg,Fe)6Al2Si6Oz4 and HqKz
(Mg,Fe)5AlaSisOra without large discrepancies, which may be
due to seriously impure samples or unreasonably large errors in the
analyses. On the other hand many of the best analyses give small
discrepancies. In practical ly al l  analyses of biot i te the AlzOa:SiOz
ratio l ies between 1:3 (as in the f irst formula) ald 2:5 (as in the
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second formula). Basing the calculation of the two molecules on
this ratio, there will result an excess or deficiency of MgO (includ-
ing FeO, MnO, Fe2O3 and TiO2). Ordinarily there will also be cer-
tain discrepancies in K2O and HrO. In Figure 1 no analyses have
been used which gave a discrepancy greater than 55 mols of MgO
(corresponding with 2.2 weight per cent MgO), and this dis-
crepancy is less than 40 mols except in analyses numbered 12, 14,
17a,  19,  26,  30,  33,  39,  46,  47,  51,  60,  72,  74,  and 87.  Discrepancies
itt tt O (f F) are not considered very important for present pur-
poses. Discrepancies in (KrOf NazO) are surprisingly large in some
cases, but they are less than 32 mols (or about two per cent NazO
by weight)  except  in  Nos.  19,23,28,40,  4+,45,49,  and 87.

If the theory here presented as to the composition of biotite is
correct, then much (or all?) of the ferric iron in biotite was origi-
nally ferrous iron, and has been oxidized by natural processes.
This is most clearly evident when analyses containing high tenors
of ferric iron are considered; to calculate these analyses into the
molecules used in this discussion it is necessary to consider the
ferric iron as equivalent to ferrous iron, a condition well illustrated
in analyses I, +, 5, 17, !2, 16, 19, 20, 38, and 46; each of these
analyses has more than ten per cent of FezOa by weight.

In Figure 2 at first only those analyses (accompanied by meas-
ures of refractive indices) were plotted which could be calculated
into the molecules used in this study with a discrepancy less than
55 mols of MgO (or 2.2 per cent by weight); then it was discovered
that analyses with a greater MgO discrepancy gave equally good
agreement between measured and indicated optic properties, ex-
cept in numbers 14 and 21, in which the refractive indices, as
measured, are clearly abnormal, since they indicate a birefringence
of .091 and .096, respectively, whereas no other biotites of similar
composition are known to have a birefringence greater than .05 to
.06. Those added to the figure in this way are numbers 4, 7, t3,
14,  19 ,  20,  21 ,  25,  and 26.

In Figure 2, showing the relations between composition and op-
tic properties, No. 1 (Grout's lepidomelane from Wausau, Wis.)
has an index which corresponds with about 15 per cent less Fe than
reported in the analysis, but the sample, optically measured, is
only from the same locality (and not necessarily from the same
sample) as that which was analyzed.

No. 31 (Orcel's phlogopite from Utah) has an index and a bire-



JOURNAL MINERALOGICAL SOCIETY OF AMEMCA 779

fringence which correspond with about ten per cent more Fe than
shown by the analysis. This may be due to the fact that the sample
is variable in color (and therefore doubtless in composition and
properties) and the palest part was used for the analysis.

No. 38 (H. S. Washington's phlogopite from ltaly) also has an
index and birefringence indicating about 10-15 per cent more Fe
than shown by the analysis, but the indices were measured only
approximately  as shown by the record (N":1.6 l - t .62,Np:1.56-
-1 .s7) .

In all other cases discrepancies between the diagram and meas-
ures of the minimum index of refraction are less than 0.01.

The birefringence has not been measured-in samples 6, t2, 20,
27, 32, and 37. Samples in which the measured birefringence dif-
fers from that indicated by the diagram by more than 0.01 are
No. 2 (Schauberger's biotite from Brevik, Norway-N*- No
:.081) and No. 8 (Eckermann's biotite from Mansjci Mt., Swe-
den-N"- Np: .0424).

It is clear that some variations between indicated and actual
optical properties must be expected, since the diagram makes no
attempt to show the effects upon the optical properties of varia-
tions in tenor of water, or fluorine, or soda, and makes no distinc-
tion between titanium, manganese, ferrous iron, and ferric iron, in
spite of the fact that Kunitz has shown that oxidation of ferrous
iron in biotite raises the index, N*, for example, frorn 1.667 to 1"718
for a change from 6.51 FezOs and 17.83 FeO in natural biotite to
24.89 Fe:Or in the same mineral after heating.




