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AbstrAct

Homogenization temperature variations of several degrees Celsius or more are often observed within 
a group of fluid inclusions that appear to have all trapped the same homogeneous fluid at the same time 
and presumably at the same PTX conditions. For inclusions that homogenize at T ≤ ≈230 °C, much of 
the observed variation can be attributed to the size of the inclusions. Larger inclusions homogenize at 
higher temperatures compared to smaller inclusions with the same density. The relationship between 
inclusion size and observed homogenization temperature is predicted by the Young-Laplace equation 
that relates the stability of a vapor bubble to the surface tension and pressure differential across the 
vapor-liquid interface. Vapor bubbles instantaneously collapse when the vapor bubble radius becomes 
less than the critical radius. During heating the critical radius of the vapor bubble is achieved at a lower 
temperature in the smaller inclusions. The critical vapor bubble radius varies from about 0.01 to ~3 
µm for low-temperature aqueous fluid inclusions. The Gibbs surface free energy associated with the 
growth and collapse of vapor bubbles in pure H2O inclusions with critical radii ranging from 0.01 to 
1 µm ranges from about 10–18 to 10–13 J/m2 and increases with both increasing critical vapor bubble 
radius and homogenization temperature. As a result of surface tension effects, the highest measured 
homogenization temperature, obtained from the largest inclusion in the group of coeval inclusions, 
most closely approximate the homogenization temperature that would be expected based on the inclu-
sion density. For inclusions ranging from a few to several tens of micrometers in diameter and having 
densities such that the homogenization temperatures are approximately <230 °C, homogenization 
temperatures may vary by about 1–3 °C, depending on the inclusion size.
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introduction

Fluid inclusions trapped in minerals represent our most 
reliable source of information on the temperature, pressure, 
and fluid composition attending various geological processes 
(Roedder 1984). Over the years, a standard methodology has 
been developed and accepted by the scientific community for 
the collection and interpretation of fluid inclusion microther-
mometric data (Hollister et al. 1981; Roedder 1984; Shepherd 
et al. 1985; Goldstein and Reynolds 1994; Goldstein 2003). An 
important first step in the process is to identify groups of coeval 
fluid inclusions in the sample. Diamond (1990) used the term 
“fluid inclusion assemblage” (FIA) to denote a group of coeval 
inclusions (based on petrography), and Goldstein and Reynolds 
(1994) used the same terminology to describe the most finely 
discriminated, petrographically associated group of inclusions. 
These latter workers noted that microthermometric data obtained 
from inclusions could only provide useful information concern-

ing the conditions of formation if data from many inclusions 
within a single fluid inclusion assemblage are collected and 
recorded together as a group. 

Since the time of Sorby (1858), it has been assumed that 
coeval inclusions would have been trapped at the same tempera-
ture and pressure. The assumption that all the fluid inclusions 
in an FIA were trapped at the same temperature and pressure 
requires that the amount of time necessary to generate the FIA 
is short relative to the rate of change of fluid PTX conditions at 
the site of formation. The absolute amount of time required to 
produce a fluid inclusion assemblage in turn depends on how 
long it takes to precipitate a sufficient amount of mineral to form 
a growth zone or to heal a fracture (Brantley et al. 1990; Voigt 
and Brantley 1991; Bodnar 2003a). Goldstein and Reynolds 
(1994) note that although the assumption of constant PTX con-
ditions is likely valid during the relatively short period of time 
required to heal a microfracture, thick growth zones may form 
over an extended period of geologic time during which the PTX 
conditions could have varied. Owing to the lack of petrographic 
features within the growth zone, all of the fluid inclusions would 
be grouped into a single FIA that might yield a broad range in 
homogenization temperature (Th) if the PTX conditions varied 
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