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Crystal chemistry of a metamorphic biotite and its significance in water barometry’

STEVEN R. BOHLEN,? DONALD R. PEACOR AND ERIC J. ESSENE

Department of Geology and Mineralogy, The University of Michigan
Ann Arbor, Michigan 48109

Abstract

The crystal structure of a metamorphic biotite from Au Sable Forks, New York (northeast
Adirondacks) has been refined to an unweighted R value of 4.25. The Au Sable biotite is a
2M, mica with space group symmetry C2/c. +.ihough the biotite equilibrated near and
cooled slowty from T'= 700°+50°C, octahedral and tetrahedral cations are apparently dis-
ordered. There are few, if any, octahedral and interlayer cation site deficiencies. Average
. bond lengths are M1-O 2.166, M2-0 2.086, T1-O 1.657, T2-O 1.661, inner K~O 3.046, cuter
K-O 3.289A. The tetahedral rotation angle (@) is 5.3°. The Au Scble biotite structure is

nearly identical to the igneous 2M, biotite of similar composition refineq by Takeda and Ross

(1975).

The Au Sable biotite coexists with magnetite
plagioclase (An,,). This assemblage fixes T (700

morphic pressure of 7+1 kbar. Metamorphism
Adirondacks took place under quite dry (Pu,0 << P,,4) conditions.

Introduction

Although the basic mica crysial structure was
solved in the early 1930’s, in the past fifteen years the
knowledge of the details of mica crystal chemisiry
has been significantly increased through numerous
structure refinements, Muscovite polytypes 2M, and
3T have been refined by Burnham and Radoslovich
(1964), Giiven (1967), and Giiven and Burnham
(1967). 2M, paragonite and 2M, phengite have been
investigated by Burnham and Radoslovich (1964)
and Giiven (1967) respectively. Brittle micas of vari-
ous compositions have been studied by Takéuchi
(1964). ard Guggenheim and Bailey (1975) have dis-
cussed the details of margarits crystal structure. Lith-
lum micas such as fluor-polylithionite (Takeda and
Burnham, 1969) and 2M, and 1M iepidolites
(Takeda et al., 1971) have also been refined.

In comparison to the numerous crystal structure
refinements of these dioctahedral calcium and lith-
ium micas, trioctahedral micas have received some-

! Contribution No. 350 from the Mingralogical Laboratory, De-
partment of Geology and Mineralogy, The University of Mich-
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(Usp 32), ilfnenilc (Hm,), perthite (Org,), and

°C), fo, (107172), and fy o (10>-10°) for meta-

of orthogneisses in the Au Sable area of the

what less attention. Steinfink (1962), Hazen and
Burnham (1973), McCauley er al. (1973), and Takeda
and Ross (1975) have refined various phlogopites,
biotites, or annites. Of these micas only one, a nearly
end-member phlogopite, was obtained from a meta-
morphic rock. Refinements of igneous biotite su ggest
that the octahedral and tetrahedral cations are dis-
ordered, a result which might have been predicted
from our understanding of cation order—disorder in
minerals equilibrating at igneous temperatures.

There may be a good reason why no refinements
of metamorphic biotites have been atterapted to date.
Due to the nature of the rocks in which metamorphic
biotites occur, it is difficult to obtain an undeformed
mica sample acceptable for crystal structure analysis.
Nevertheless, phlogopite and biotite are found in
many metamorphic rock types and are involved in
numerous important metamorphic reactions. Because
mica-bearing rvcactivon equilibria can be profoundly
affected by mica cation ordering, which reduces con-
figurational entropy, the assumption of an igneous
structure model for metamorphic biotites may lead to
systematic errors in calculated equilibria.

In addition to their importance in isogradic reac-
tions, ruicas along the phlogopite-annite join have
been used to infer equilibrium water fugacities when
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