
Interrelationship
and Octahedral

Introduction

Foster (1960) made a very useful and comprehen-
sive survey of the compositional range of the trioc-
tahedral micas that are broadly designated as
biotites. Included were compositions encompassed by
the end members phlogopite, KM&(AlSisCjrrxOH)r;
eastonite, K(Mgr.uAlo.oXAl1.6Si2.6Or.XOH)r; annite,
KFe'(AISLO'(OH)r; and siderophyllite, K(Fer.uAlo.,)
(Alr.6Si2.6Or0)(OH)r. In this note ..biotite" refers to
micas plotting within the field bounded by these four
end members.

Based upon a compilation of a large number of
analyses from many different parageneses, Foster
(1960, Fig. l1; Fig. l, this paper) made an interesting
triangular plot of Mg us (Fe2+ + Mn) us Rs+ (includes
Al, Ti4+, Fe8+) in the octahedral sheet of biotite. The
points lie in a distinct band (Fig. l) in which Alvr
appears to decrease with increase of Mgl(Fer+ *
Mn). However, in discussing this band, Foster (1960,
p. 25) states, "The tr ioctahedral  micas may,
therefore, be thought of as members of a system
characterized by concurrent but independent replace-
ment of Mg by Fe2+ and R3+ ions." Nonetheless,
because of the shape and orientation of the band
shown in Figure l, several workers have inferred that
changes in the Mg us (Fe2+ f Mn) content of the oc-
tahedral sheet control the amount of AlvI. For
example, such a relationship has been tacitly implied
by Hazen and Wones (1972, p. 124) when they state,
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Abstract

The trend of a plot by Foster (1960) of Mg us (Fe,+ * Mn) us Rs+ (Al, Ti, Fe3+) in the oc-
tahedral sheet of biotite has led some workers to infer an inverse correlation between AlvI and
Mg/Fe"+ ratio. This paper presents arguments and data which indicate that such a correlation
does not exist over most of the biotite composition range and that the trend mentioned above
is in part an accident of sample availability.

"As the Fe2+ content of these micas increases, so does
the octahedral aluminum content." Gower (1957)
constructed a diagram quite similar to that of Foster
(1960) using data from specimens of diverse origin.
He also inferred (p. 155) "A greater tolerance for oc-
tahedral  aluminum is indicated in i ron-r ich
varieties."

The goal of this paper is to demonstrate that, with
the possible exception of biotites very near the annite-
siderophyllite join, no clear relationship exists
between the Mgl(Fe'z+ * Mn) ratio and octahedral
Al content. Hence, any inferences of a direct
relationship between these two factors should be
reconsidered. Moreover, it will be shown that the
specific, detailed pattern shown on Figure I (or on
Gower's Fig. 5) is in part an accident,

Our approach is largely empirical, inasmuch as lit-
tle attention is given to the substitutional models ap-
plicable to the octahedral and tetrahedral sheets of
trioctahedral micas. We have followed the common
practice of assigning Mg, Fe2+, Ti, and Al in excess of
that needed to fill tetrahedral sites to the octahedral
sheet.

Discussion of the Band of Points
on Figure I

Several factors appear to explain the orientation of
the band of points shown on Figure l.

The tapering of the biotite field toward the
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Frc. 2. Plot of octahedral Al us Mg us (Fe'+ t Mn) in biotites

from northwestern Maine. Biotites A, B, and C from sillimanite-

bearing adamellite; biotites D, E, F, and G from two-mica adamel-

lite (see Table lE). All other biotites from pelitic schists with sil-

limanite, staurolite, or cordierite (see Tables 1-4). Best fit line is

v isual ly  located.
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the same biot i tes as on Figure 2.
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Frc l .  Plot  of  octahedral  R3+(=Al  *  Fe3+ *  Ti )  us Mg us (Fe'*  *  Mn) in more than 200 natural

b iot i tes f rom var ious parageneses.  Diagram based on Foster  (1960, Fig.  l l )
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Mg/Fe RATIO AND OCTAHEDRAL At IN BIOTITE

Analyses of Biotites from Staurolite and/or Sillimanite Bearing Rocks from the Staurolite to Lower Sillimanite Zones of the
Rangeley Quadrangle,  Maine*
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phlogopite end-member appears to be due in part to
the plotting of Mg-rich biotites from Al-poor rocks
such as marbles, calc-si l icate granul i tes, and
ultramafics. The vast majority of analyzed, Mg-rich
biotites reported in the literature are from such rocks.

Tnsle 2. Analyses of Biotites from Sulfide-Rich Small's Falls
Format ion,  North Central  Rumford euandrangle,  Maine.  Upper

Staurolite to Lower Sillimanite Zonei

WEZ Ru-e28a Ru-e28b,  Ru-D24-  Ru-e3t -  Ru-e26-  Ru_e2S_ Ru_eJz_ Ru_C24-
-66*  -66*  55**  66*  66*  56*  66*  66*

ln these rocks, biotite usually does not coexist with
aluminous minerals. Hence, it tends to plot toward
the phlogopite end of the phlogopite-eastonite series.
Moreover, Figure I and Gower's diagram show con-
siderable scatter in R3+/(Mg * Mn f Fer+). This
scatter results from plotting biotite analyses from
specimens from a multitude of different parageneses
and bulk compositions. It wil l become evident below
that this has also contributed to obscuring the true
relationship between AlvI content and the Mg/(Fer+
* Mn) rat io .

Figure I includes Fe3+ and Tia+ as part of the Rs+
term. As a result, Fe biotites, siderophyll ites, and
lepidomelanes plot noticeably nearer the Ra+ corner
(c/ Figs. 2 and 3). Moreover, analyses discussed
below show that Mg-rich biotites are in fact low in Ti.

Hence, the trend shown by the band of points in
Figure I is in part an accident due to the availabil ity
of samples, and in part a function of what has been
included with R3+. The trend resulting from the latter
aspect is of course real, but it should not be in-
terpreted as implying a marked interrelationship
between AlvI content and the Mg/(Fe"+ * Mn)
rat io . t
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I lt must be reemphasized that in biotites near the pure Fe end
members such a relationship may exist. This is evident from the
discussion of Hazen and Wones (1972). Our data do nor bear
directly on this composition range.
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Te,sI-e 3. Analyses of Biotites from Sulfide-Rich Small's Falls

Format ion,  Southwest Rumford Quadrangle,  Maine.  Upper Si l -

limanite to K-Feldspar * Sillimanite Zone*
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wtz

* Data from Guidotti et al (in preparation)' Values cited for HrO by

dffirence from 100 percent. All specimens contain sillimanite'

TAsI-s 4. Analyses of Biotite from the Lower Sillimanite Zone of

the Southeast Portion of the Old Speck Mountain Quadrangle,
Maine*

n 2 3

New Data from Pelitic Schists and

Adamellites of Northwestern Maine

Numerous biotites from the pelit ic schists of

northwestern Maine have been analyzed durihg the

course of petrologic studies by the authors (Guidotti,

1974; Guidotti, Cheney, and Conatote, 1975; and

previously  unpubl ished data) .  These data are

presented in Tables l-5 and were obtained by

ilectron microprobe analysis using the general

technique of  Bence and Albee (1968).  Simple

anhydrous sil icates and oxides were used as stan-

dards. The analytical error is about two percent for

elements constituting more than two percent of a

given sample.
A rather wide range of biotite Mg/Fe ratios has

been found because specimens from pyrrhotite-rich

rocks as well as more ordinary pelit ic schists have

been analyzed. Some of the biotites from the former

group of specimens plot well within the phlogopite

field of Foster (Fie. l). All of the biotites from pelitic

schists under consideration coexist with minerals

such as sillimanite, staurolite, or cordierite' They

would plot along the high-Al boundary of the biotite

field on an Apn't projection, and are clearly Al-

saturated for the prevail ing P,I conditions. As a

result. there is little variation of AlvI or AlIv due to

differences in bulk composition. Moreover, because

virtually all of the specimens from northwestern

Maine have graphite present, one can assume that
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for H"O by diference from 100 percent
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Fe3+ is probably present in low and uniform
amounts. The above considerations will now enable
us to make a concise evaluation of any relationship
between AlvI and the Mg/(Fe2+ t Mn) ratio.

Figure 2 shows the relative amounts of (Fd+ * Mn),
Mg, and Al in the octahedral sheets of biotites from
pelitic schists of northwestern Maine. Also shown are
analyses of biotites from several igneous parageneses.
With respect to the biotites from pelitic schists, it is
evident that no marked relationship exists between
AlvI and the Mgl(Fe,+ * Mn) ratio. Biotites A, B,
and C come from sillimanite-bearing adamellites
which intrude the pelitic schists of northwestern
Maine. Hence, they can be legitimately compared
with the biotites discussed above and thereby extend
the range of MglFe ratios to still lower values (to
0.466).

Biotites D, E, F, and G are from adamellites which
contain no sill imanite. The absence of sill imanite sug-
gests a lower activity for AlrO, in these specimens. Of
note is the fact that on Figure 2 these biotites plot at
lower Al values than do biotites A, B, and C.

Figure 3 is similar to Figure 2, but includes Tia+ in
with R3+. Comparison of the trends on the two
diagrams shows that in Figure 3 there is a distinct

2 Foster (1960, p. 26) also noted thar Ti was low in phlogopites,
but gave no mention of the presence or absence of a Ti-saturatine
ohase.

calc-silicates, and ultramafic rocks. Moreover, our
use of biotites from only a few similar parageneses
has greatly reduced the amount of scatter in terms of
the R3+/(Mg f Fe2+ + Mn) ratio on both Figure 2
and Figure 3 relative to that seen on Figure l.

Conclusions

(l) The present data demonstrate no clear relation
between Mg/(Fe2+ + Mn) and AlvI content of biotite
over most of the biotite composition range. However,
our data do not preclude such a relationship in
biotites approaching the annite-siderophyllite join.
For those compositions, structural arguments suggest
that a pure Fe octahedral sheet may not be stable
(Hazen and Wones, 1972).

(2) Our data demonstrate the dangers of trying to
infer crystallochemical relationships in rock-forming
solid solutions using data based on specimens from
many different parageneses.
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