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INTRODUCTION

Fluids have been implicated in many geological processes 
from controlling the location and extent of melting at subduc-
tion zones to hydrothermal ore genesis, earthquake generation, 
and rock-forming processes in general. The quantiÞ cation of 
hydrothermal mass ß uxes and processes, along with subsolidus 
and melting phase relations in the upper mantle and crust, re-
quires knowledge of mineral solubilities, chemical speciation, 
and pressure-volume-temperature (PVT) properties of ß uids. 
In principle, the necessary details should be readily obtained 
by experimentation combined with investigation of natural 
ß uid inclusions, as these contain the sole direct information 
on natural high-pressure and -temperature ß uids. However, 
our current understanding barely scratches the surface. Simply 
stated, the paucity of relevant information is due to the limita-
tions of traditional experimental approaches and, until recently, 
analytical difÞ culties in extracting detailed chemical information 
from natural single ß uid inclusions. Moreover, deciphering the 
ß uid-inclusion record alone, despite its promise, is not a panacea 
for an absence of experimental techniques capable of sampling 
ß uids at crustal and upper mantle conditions. For example, ß uids 
entrapped in relatively high P-T rocks are scarce and of uncer-
tain origin since they rarely survive exhumation to the surface 

without modiÞ cation (Scambelluri et al. 2001). Thus, the rarity 
and equivocal provenance of ß uids encapsulated in natural high-
pressure and high-temperature samples means the nature of ß uids 
in these extreme, yet common, environments will remain largely 
enigmatic without direct experimental investigation. 

Experimental synthesis of ß uid inclusions provides a means 
of isolating ß uids at high pressure and temperature. This tech-
nique relies on the entrapment and preservation of ambient 
high-temperature ß uids as inclusions at growth irregularities 
that inevitably develop during fracture healing, re-crystallization, 
and overgrowth of crystal surfaces. Several decades of experi-
ments using hydrothermal- and gas-media apparatus have Þ rmly 
established the reliability of this technique to sample ß uids at 
high pressure and temperature. On quenching a ß uid from high 
temperatures, solutes commonly precipitate, exsolve, or back-
react with coexisting materials. Although the same processes 
occur within inclusions on quenching, bulk properties (i.e., total 
composition and molar volume) of the high-temperature ß uid 
at the entrapment conditions are preserved, because inclusions 
represent isolated, constant volume systems (ignoring inclusion 
host solubility for the moment). Accordingly, high-temperature 
ß uid information can be obtained ex situ from single inclusions 
by combining traditional analytical methods (e.g., microther-
mometry, Raman spectroscopy) with recent microanalytical de-
velopments, such as laser-ablation inductively coupled plasma 
mass spectrometry (LA-ICP-MS; e.g., Günther et al. 1998), 
proton-induced X-ray emission spectroscopy (PIXE; e.g., An-
derson et al. 1989; Heinrich et al. 1992), and synchrotron X-ray 
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ABSTRACT

Here we report on a newly developed, large-volume, cold-sealed capsule design for hydrothermal 
synthesis experiments in a piston-cylinder apparatus that should be useful for the production of syn-
thetic ß uid inclusions at pressures and temperatures not previously attained in gas- or ß uid-pressurized 
reaction vessels. The design is adapted for large-volume experiments using a 30 mm internal-diameter 
pressure vessel, but can be scaled down to suit smaller pressure vessels, e.g., 15.9 mm (5/8'') internal 
diameter, if required. Calibration experiments show that temperature varies ±5 °C over the length of 
a 30 mm (length) × 15 mm (diameter) Cu capsule. The design incorporates the thermocouple within 
the capsule mass to optimize temperature control. Quartz-hosted H2O inclusions were synthesized 
over a range of conditions. Fluid-inclusion densities are consistent with the nominal experimental 
conditions, suggesting a friction correction is not required. This approach has several advantages over 
conventional hydrothermal experimental methods: (1) substantially higher pressures are attainable in 
piston-cylinder than hydrothermal and gas-media apparatus; (2) cold-sealing capsules avoid potential 
problems associated with welded capsules, such as solution modiÞ cation; (3) capsule ß uids are readily 
sampled ex situ; (4) the use of relatively thick-walled capsules minimizes H2-losses during experiments; 
(5) synthetic ß uid inclusions can be used to derive ß uid PVTX properties by combining conventional 
thermometry with analyses of individual ß uid inclusions or independent mineral solubility data.

Keywords: Piston-cylinder apparatus, synthetic ß uid inclusions, hydrothermal studies, ß uid PVTX 
properties, high-pressure and -temperature ß uids, cold-sealed capsule, isochore


