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Abstract
Capsule sealing has always been a key procedure in hydrothermal experiments to explore the com-

position and properties of geo-fluids and their influence on various geological processes. Previously 
reported capsule sealing techniques have primarily focused on either weld-sealing or cold-sealing 
methods, which have some disadvantages and limitations. Here, we report on a newly developed, 
simple, and effective capsule sealing technique incorporating operations from the cold-sealing and 
weld-sealing techniques. The technique includes three steps: first, preparing inner and outer tubes, 
both with a flat bottom at one end; subsequently, reverse-buckling the tubes to form a preliminary seal; 
and finally, welding shut the tiny slit at one end of the tubes. The new capsule sealing technique was 
tested in experiments for fluid inclusion synthesis. Fluid inclusions were successfully synthesized in 10 
runs over a range of conditions (800~900 °C, 1~1.5 GPa). Considering the insignificant mass changes 
recorded and the occurrence of free fluid from the recovered capsules, the new capsule sealing tech-
nique was proven to be reliable. The simple and effective capsule sealing technique has the following 
advantages over the previous techniques. First, the capsule sealing technique is simple, effective, and 
easy to operate. The technique does not require a capsule body and lid with a complex structure, nor 
does it require dies or special tools. The critical weld-sealing operation is easier to complete due to the 
narrow and uniform slit surrounded by more metal, during which loss of volatilization is prevented 
by the preliminary seal. Second, the capsules can be sealed with uniform thickness and regular shape, 
prechecked for leakage in an oven, and annealed under high temperature and high pressure with less 
deformation, which could improve the success rate of experiments. Third, the theoretically required 
capsule materials can be changed (such as precious metals, alloys, etc.), as can the dimensions required 
to construct a capsule with the desired size and wall thickness (large volume or thick wall). Thus, sealed 
capsules are suitable not only for piston cylinders but also for multi-anvil presses and other gas-media 
or hydrothermal-media apparatus, such as autoclaves and pressure vessels, which means a wider range 
of temperatures and pressures are accessible and thus more fields of application.
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Introduction
Widely existing fluids in the crust and upper mantle have been 

implicated in many geological processes at different scales involv-
ing material cycles and energy transfer, such as slab subduction, 
magmatic emplacement, volcanic eruptions, seismic activities, 
mineralization, and so forth (Hack and Mavrogenes 2006a). De-
termining the composition and properties of geo-fluids and their 
influence on various geological processes has always been the goal 
of geologists. To understand geological fluids, hydrothermal experi-
ments are an important means. One key difficulty in hydrothermal 
experiments is how to seal liquid samples in capsules and maintain 
a good seal under high-temperature and high-pressure conditions 
related to real geological processes. Several capsule weld-sealing 
and cold-sealing techniques have been invented and successfully 

applied in hydrothermal experiments (Arndt and Rombach 1976; 
Audétat and Bali 2010; Ayers et al. 1992; Becker et al. 1983; Brod-
holt and Wood 1994; Cemič et al. 1990; Hack and Mavrogenes 
2006a; Lerchbaumer and Audétat 2012; Manning and Boettcher 
1994; Sneeringer and Watson 1985).

In weld-sealing techniques, a capsule charged with fluid and 
other starting materials are squeezed a few millimeters below its 
upper end (e.g., a three-corner crimp or milk carton-like fold) be-
tween thin jaws of a vice or an ashtray-like lid is inserted concave-
outward in the open end and then welded shut under cooling by 
cold water, dry ice or liquid nitrogen (Brodholt and Wood 1994; 
Manning and Boettcher 1994; Sneeringer and Watson 1985). In 
general, the resulting capsules have a high length-to-width ratio 
and an asymmetrical geometry, which is disadvantageous for 
piston-cylinder or multi-anvil experiments in which the capsules 
should be as short and compact as possible to reduce temperature 
gradients. Furthermore, it is worth mentioning that in addition to 




