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INTRODUCTION

Analysis of the chemical composition and bulk molar volume 
(or density) of ß uid inclusions in minerals has undergone major 
advances in recent years with the advent of new quantitative ana-
lytical techniques, with the growth of the experimental database 
on the pressure, temperature, molar volume, and compositional 
(P-T-Vm-x) properties of geological ß uids, and with the devel-
opment of theoretical methods to model these ß uids (for recent 
reviews see Andersen et al. 2001; Samson et al. 2003). Despite 
these advances, the analysis of saline aqueous inclusions that con-
tain appreciable amounts of volatile components (e.g., CO2, CH4, 
H2S, and N2), which are common in diagenetic, hydrothermal, 
metamorphic, and igneous rocks, remains problematic. This is 
because the available equations-of-state for elevated P-T condi-
tions are unable to link accurately high-T microthermometric 
measurements (homogenization temperatures) with low-tem-
perature observations. The calculation of bulk properties still 
relies on notoriously inaccurate optical estimates of the volume 

fractions of phases (e.g., liquid and vapor) within the inclusions. 
Uncertainty in the phase volume-fractions is usually the greatest 
single contributor to the overall uncertainty in bulk Vm � x proper-
ties of this important class of ß uid inclusions (Diamond 2003a). 
Moreover, for most ß uid-inclusion shapes, the magnitude of the 
uncertainty in volume fractions is unknown.

In addition to their use in calculating bulk inclusion proper-
ties, the volume fractions of phases in ß uid inclusions at room 
temperature are routinely estimated during fluid inclusion 
petrography to deduce whether assemblages of cogenetic inclu-
sions were originally trapped from a one-phase or a multi-phase 
pore ß uid (e.g., Diamond 2003b). Although the absolute values 
of the volume fractions are less important for this purpose, and 
although other checks on the uniformity of compositions and 
densities can be made via microthermometry, the uncertainties 
currently inherent in determining the relative differences between 
cogenetic inclusions may lead to erroneous interpretations.

For ß uids that ß uoresce in ultraviolet light, such as petro-
leum-bearing inclusions, Pironon et al. (1998) and Aplin et al. 
(1999) showed that phase volume-fractions can be determined 
with acceptable accuracy using scanning confocal ß uorescent * E-mail: bakker@unileoben.ac.at
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ABSTRACT

The molar volume (Vm) and chemical composition (x) of saline aqueous inclusions and gas inclu-
sions in minerals can be calculated satisfactorily from microthermometric and other analytical data. For 
complex gas-bearing aqueous inclusions, however, calculation of Vm � x properties requires additional 
input of the volume-fractions of the inclusion phases (φ). Traditional estimation of φ in non-ß uoresc-
ing inclusions involves measuring area-fractions of the phases projected in the microscope and then 
making rough corrections for the third dimension. The uncertainties in the results are unknown and 
therefore the accuracies of the calculated Vm � x properties are also unknown.

To alleviate this problem we present a new, routine method to estimate φ using the petrographic 
microscope in conjunction with a spindle-stage. Inclusions in normal thick-sections are rotated stepwise 
and their projected areas and area-fractions are plotted against rotation angle. The resulting data arrays 
are systematically related to inclusion orientation, to inclusion shape, and to φ. The dependency on 
orientation is minimized when area fractions are measured at the position where the inclusions project 
their largest total areas. The shape dependency is accounted for using a new objective classiÞ cation of 
inclusion projections, based on parameters from digital image processing. The method has been veriÞ ed 
with synthetic ß uid inclusions of known φ. For individual liquid + vapor inclusions with regular (not 
�negative-crystal�) shapes, the new procedure yields φ with a relative accuracy of ±4%. This degree 
of accuracy permits Vm � x properties of gas-bearing, aqueous ß uid inclusions to be calculated with 
sufÞ cient certainty for many geochemical applications. Even better accuracy (e.g., down to ±0.6%) 
can be obtained by combining results from several inclusions in the same homogeneously trapped 
petrographic assemblage.
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