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INTRODUCTION

Contact-metamorphosed siliceous carbonate rocks within the 
same aureole commonly contain mineral assemblages that record 
a dichotomy in the mole fraction of CO2 (XCO2

) in coexisting 
metamorphic ß uid (Hover Granath et al. 1983; Nabelek et al. 
1984, 1992; Labotka et al. 1988; Masch and Heuss-Assbichler 
1991; Holness 1992; Ferry 1996a, 1996b; Ferry and Rumble 1997; 
Ferry et al. 1998, 2002; Cook and Bowman 2000). One group of 
rocks records relatively low XCO2

, in some cases <0.05, believed to 
result from inÞ ltration of carbonate rocks by chemically reactive 
H2O-rich ß uid during contact metamorphism. The other group 
records relatively high XCO2

, in some cases up to 0.99. The high 
XCO2

 results from decarbonation reactions in low-porosity rocks 
with little or no inÞ ltration by H2O-rich ß uids (Ferry 1994). We 
discovered a complementary dichotomy in apatite composition in 
the two groups of rocks. The low-XCO2

 group contains relatively 
Cl-poor apatite that is close to an F-OH solid solution. In contrast, 
the high-XCO2

 group contains relatively Cl-rich apatite that is a 
ternary F-OH-Cl solid solution. This study documents the coupled 
dichotomies in apatite and ß uid compositions. In addition, the 
halogen chemistry of ß uids in equilibrium with the two groups 
of rocks was estimated from measured apatite compositions for 

two of the aureoles. Results address three general questions about 
contact metamorphism of siliceous carbonate rocks: (1) whether 
Cl-rich apatites record the presence of saline brines; (2) the origin 
of F-rich minerals commonly observed in contact metamorphosed 
siliceous dolomites; and (3) the source of chemically reactive ß uid 
that inÞ ltrated the low-XCO2

 group.

GEOLOGICAL AND PETROLOGICAL CONTEXT OF 
ANALYZED SAMPLES

Apatite was analyzed in siliceous carbonate rocks that record 
both high and low XCO2

 from Þ ve locations: the Ballachulish 
and Beinn an Dubhaich aureoles, Scotland; the Monzoni and 
Predazzo aureoles, northern Italy; and the Ritter Range pendant, 
California (Table 1). Except in the Beinn an Dubhaich aureole, 
siliceous carbonates comprise a small fraction of exposed rocks; 
the majority are combinations of pelitic, psammitic, and vol-
canic rocks, relatively pure limestone, and their metamorphic 
equivalents. The carbonate rock includes siliceous dolomite at 
all locations and, additionally, siliceous limestone in the Bal-
lachulish aureole and Ritter Range pendant. Although low-XCO2

 
and high-XCO2

 rocks may occur <1 m apart in the same outcrop, 
as in the Ritter Range pendant, they more typically are spatially 
separated by distances on the order of 100 m. Associated plutons 
range from diorite to granite. The age of plutonism and metamor-
phism is between ~54 Ma (Beinn an Dubhaich) and ~412 Ma 
(Ballachulish). Pressure (P) varied from 0.5 to 3.0 kbar (~2�10 
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ABSTRACT

The XCO2
 recorded by mineral-ß uid equilibria in contact metamorphosed siliceous carbonates com-

monly deÞ nes two groups of rocks in the same aureole. One group records relatively low XCO2
 that 

results from inÞ ltration of chemically reactive H2O-rich ß uid. The other records relatively high XCO2
, 

up to 0.99, that results from decarbonation reactions with little or no inÞ ltration. A complementary 
dichotomy in apatite compositions exists in Þ ve contact aureoles in Italy, Scotland, and the U.S.A. 
Apatite in the low-XCO2

 group is close to an F-OH solid solution. Apatite in the high-XCO2
 group is a 

relatively Cl-rich Cl-F-OH solution. The halogen content of ß uid coexisting with analyzed apatite 
was characterized in two aureoles to determine the origin and signiÞ cance of the dichotomy in apatite 
composition. Calculated aHF/aH2O, aHF/aHCl, aHF, and mFT

 (the total F molality of ß uid) are systematically 
higher in ß uid coexisting with the low-XCO2

 group. In contrast, aHCl/aH2O in the high-XCO2
 group may be 

higher than or overlap with aHCl/aH2O in the low-XCO2
 group. Calculated aHCl and mClT

 in the high-XCO2
 

group are lower than or overlap with aHCl and mClT
 in the low-XCO2

 group. The Cl-rich apatites in the 
high-XCO2

 group are explained by crystallization at relatively low aH2O, aHF, and mFT
 rather than at high 

aHCl or mClT
. In comparison, the F-OH apatites in the low-XCO2

 group formed by inÞ ltration of rock 
by and equilibration with relatively H2O-rich, high mFT

/mClT
 ß uid, reß ecting the same metasomatic 

process responsible for F-rich humite-group minerals and skarns in many contact aureoles. Calcu-
lated halogen contents indicate that the non-CO2 fraction of ß uid in equilibrium with both groups had 
modest, seawater-like salinity, and that the reactive H2O- and F-rich ß uid that inÞ ltrated the low-XCO2

 
group had a plutonic source.


