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INTRODUCTION

Recent studies of metamorphosed peridotite and micaceous 
carbonate rock demonstrate that layer-by-layer variations in prog-
ress of inÞ ltration-driven carbonation/decarbonation reactions 
resulted not from layer-by-layer differences in time-integrated 
ß uid ß ux but from variations in initial amounts and composi-
tions of minerals coupled with meter-scale homogenization of 
proxies for ß uid composition during subsequent inÞ ltration 
and reaction (Ferry et al. 2005; Penniston-Dorland and Ferry 
2006). This study demonstrates that the same process accounts 
for variations in the progress of reactions that produced biotite 
and plagioclase in a single large exposure primarily composed 
of regionally metamorphosed siliciclastic rocks in east-central 
Vermont. To fully understand the process, those minerals whose 
amount and compositional variation exert the largest control 
on reaction progress were identiÞ ed, and the spatial scale over 
which proxies for ß uid compositions were homogenized during 
metamorphism was constrained.

The location was chosen for several reasons. First, the amount 
of biotite can differ by almost an order of magnitude between 
layers only one meter apart. The variations have previously been 

interpreted in terms of meter-scale differences in time-integrated 
ß uid ß ux (Ferry 1988, 1994). Second, the outcrop is composed 
of interlayered pelite, psammite, and minor micaceous carbonate 
rock, allowing the behavior of different rock types to be exam-
ined. Third, the formation of biotite can be explained by progress 
of two inÞ ltration-driven decarbonation reactions, and eight of 
the minerals that participate in the reactions (ankerite, calcite, 
muscovite, biotite, chlorite, albite, oligoclase, and ilmenite) are 
solid solutions. Fourth, rocks contain proxies that may be used 
to evaluate the spatial scale of uniformity in the activities of CO2 
(aCO2) and H2O (aH2O).

GEOLOGIC SETTING

Basic geologic relations in the study area (Fig. 1) have been 
established by White and Jahns (1950), Lyons (1955), Doll et 
al. (1961), Woodland (1977), Fisher and Karabinos (1980), and 
Hueber et al. (1990), among others. The present investigation 
focused on an interstate roadcut (Q1) in the biotite zone of the 
Siluro-Devonian Gile Mountain Formation, a metamorphosed 
turbidite composed of interbedded micaceous quartzo-feldspathic 
sandstone (psammite), pelitic schist, and minor micaceous 
carbonate rock. Outcrop Q1 is speciÞ cally composed of ~60% 
psammite, ~30% pelitic schist, and ~5% each of carbonate rock 
and quartz veins (Ferry 1994). Reactions that formed biotite were * E-mail: jferry@jhu.edu
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ABSTRACT

InÞ ltration-driven decarbonation reactions produced biotite in pelites and psammites but not in 
micaceous carbonate rocks in the biotite zone during metamorphism. In one large exposure, the amount 
of biotite varies greatly in rocks that retain reactants of biotite-forming reactions (0.01�1.10 mol/L in 
pelites; 0.15�0.53 mol/L in psammites; 0 in carbonates). Conventionally, the variations are interpreted 
as reactive ß uid ß ow in chemically isolated channels that correspond to individual metasedimentary 
layers. Measured values of lnQs for the equilibria: KAl3Si3O10(OH)2 + 3 CaMg(CO3)2 + 2 SiO2 = 
KMg3AlSi3O10(OH)2 + CaAl2Si2O8 + 2 CaCO3 + 4 CO2 and 3 KAl3Si3O10(OH)2 + Mg5Al2Si3O10(OH)8 
+ 4 CaMg(CO3)2 + 5 SiO2 = 3 KMg3AlSi3O10(OH)2 + 4 CaAl2Si2O8 + 8 CO2 + 4 H2O are uniform 
within error of measurement in all analyzed samples (�1.67 ± 0.08, MSWD = 0.89, and �4.17 ± 0.26, 
MSWD = 0.52, respectively). The uniformity in Qs values is explained by homogenization of the 
activities of CO2 and H2O by diffusion and dispersion over a distance >70 m across layering during 
metamorphism. The uniformity in Qs is inconsistent with the conventional interpretation of differences 
in the abundance of biotite. The differences are better explained in terms of layer-by-layer variations 
in the amounts and compositions of minerals prior to reaction. Measured progress of the biotite-form-
ing reactions is reproduced by mass-balance calculations that consider different initial amounts and 
compositions of reactant minerals in different samples but the same or nearly the same value of Qs at 
the end of reaction. Mass transport of volatiles both by advection and by diffusion and dispersion are 
essential controls on the progress of inÞ ltration-driven reactions.
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