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Analysis of natural H2O + CO2 + NaCl fluid inclusions in the hydrothermal diamond anvil
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ABSTRACT
A hydrothermal diamond anvil cell (HDAC) was used to heat natural H2O + CO2 + NaCl fluid
inclusions in quartz. Heating in the HDAC allows external pressure (the fluid pressure on the host
mineral) to be regulated so the total homogenization of the aqueous and carbonic phases at high
temperature can be observed and recorded with minimal risk of decrepitation.
The total homogenization temperature, the CO2-clathrate melting temperature, and the homogenization temperature of the carbonic phase can be used precisely to calculate the pressure of total
homogenization (on the solvus) and the corresponding isochore. The equation of state of Duan et al.
(1995) was used to calculate the solvus pressure by an iterative technique of varying the mole fraction CO2 and the solvus pressure with a given total homogenization temperature and NaCl:H2O
molar ratio. Bulk molar volume values of the calculated fluids were iterated into a mixing equation
for the aqueous and carbonic phases at low temperature until the fluid compositions, predicted by
both equations, were identical.
Quartz samples from the Adirondack Mountains, New York, were used in the heating experiments. Seven H2O + CO2 + NaCl fluid inclusions from post-metamorphic, hydrothermal cavities
near Moose River yielded homogenization temperatures of 185–232 °C and homogenization pressures of 863 to 1870 bars. Two H2O + CO2 + NaCl fluid inclusions from a drill core at the Willsboro
wollastonite mine yielded homogenization temperatures of 310 °C and 324 °C and homogenization
pressures of 3893 and 5333 bars, respectively. These inclusions are interpreted to have formed along
a retrograde path characterized by early isobaric cooling and later isothermal decompression following Ottawan-age metamorphism.

INTRODUCTION

A PROPOSED SOLUTION TO DECREPITATION

H2O + CO2 + NaCl fluid inclusions (Fig. 1) occur in rocks
from a wide variety of geologic settings (e.g., metamorphic
environments, stockwork and skarn ore deposits) and their
analysis and interpretation have received much attention over
the last twenty years. However, microthermometric studies of
these fluid inclusions have always been hampered by the difficulty of measuring one particular phase change, that is, the total homogenization of the aqueous and carbonic phases at high
temperature. Upon heating, the internal inclusion pressure increases to the extent that many fluid inclusions explode (decrepitate) before total homogenization (Lamb et al. 1991;
Darling 1994). Decrepitation occurs because of the pressure
differential (Bodnar et al. 1989) between the inside of the inclusions (500–1000 bars) and the outside of the sample (~1
bar). This phase change is important because it allows the determination of the fluid inclusion molar volume and, therefore,
a calculation of its isochore (Parry 1986; Brown and Lamb
1989). Such information is important in determining temperatures and pressures of formation as well as determining the
pressure-temperature path of rocks.

A viable solution to the decrepitation problem was recently
described by Schmidt et al. (1998), who heated quartz samples
containing synthetic H2O + CO2 and H2O + CO2 + NaCl fluid
inclusions in a hydrothermal diamond anvil cell (HDAC;
Bassett et al. 1993; Chou et al. 1994). Heating in the HDAC
allows the external pressure (on the inclusion-hosting mineral)
to be regulated so that it minimizes the risk of decrepitation.
Consequently, total homogenization temperature measurements
for natural H2O + CO2 + NaCl fluid inclusions are now possible using the HDAC. Here, we describe a technique to prepare and microthermometrically analyze natural H2O + CO2 +
NaCl fluid inclusions in the HDAC. We also describe a method
for calculating precise fluid compositions, molar volumes, pressures of homogenization, and isochores. Our methods are somewhat different from that described in Schmidt et al. (1998)
because they analyzed fluid inclusions where the PTX properties were known prior to analysis.
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PREPARATION OF SAMPLES
A schematic diagram of the HDAC is illustrated in Figure
2. Mineral samples (e.g., quartz) containing fluid inclusions
are placed in the center of the “cell” chamber inside a rhenium

