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Assessment of the diamond-trap method for studying high-pressure fluids and melts and 
an improved freezing stage design for laser ablation ICP-MS analysis

Maarten aerts,* alistair C. HaCk, eriC reusser, and Peter ulMer

Institute for Geochemistry and Petrology, ETH Zürich, CH-8092 Zürich, Switzerland

abstraCt

Diamond-trap experiments in combination with laser ablation ICP-MS analyses of frozen samples 
have been used to directly determine the composition of fluids and melts in equilibrium with crust and 
mantle mineral assemblages. Here we: (1) describe an improved freezing cell that utilizes electronic 
cooling elements to facilitate routine laser ablation measurement on diamond traps and (2) demonstrate 
that the major element stoichiometry of subsolidus aqueous fluids in equilibrium with crystalline 
mineral assemblages can be measured using the diamond-trap method with comparable precision and 
accuracy to single-crystal weight-loss experiments. 
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introduCtion

Aqueous fluids become very efficient mineral solvents at 
increased pressure (P) and temperature (T) and are responsible 
for significant mass transfer within the lithosphere (e.g., Manning 
2004). Ex situ experimental methods to study the composition of 
high-P fluid phases include crystal weight-loss, synthetic fluid 
inclusion entrapment, and diamond-trap techniques.

Weight-loss experiments work well for simple chemical 
systems (e.g., Manning 1994). In multi-component systems, 
particularly those involving incongruently dissolving minerals, 
complexities arise (e.g., Verlaguet and Brunet 2007) and many 
experiments can be required to bracket the fluid composition at 
a single P and T. Synthetic fluid inclusion studies are well suited 
for the investigation of multi-component high-P fluid composi-
tions and fluid phase relations, but can be time-consuming (up 
to 4 weeks run times, e.g., Hack and Mavrogenes 2006; Spandler 
et al. 2007). Diamond-trap experiments have been employed for 
the study of high-P fluid and melts in multi-component systems 
(e.g., Ryabchikov et al. 1989; Baker and Stolper 1994; Baker et 
al. 1995). Combined with frozen LA-ICP-MS analysis (Kessel et 
al. 2004), diamond-trap experiments have been used to measure 
compositions of aqueous fluids in equilibrium with complex 
mineral assemblages (e.g., Kessel et al. 2005a, 2005b).

In this contribution, we: (1) describe an improved cryogenic 
sample cell, facilitating laser ablation ICP-MS analysis of frozen 
diamond traps and (2) compare solubility data obtained from 
diamond-trap experiments to previous results obtained by differ-
ent approaches. In doing so, we demonstrate that the measured 
fluid compositions by this method are of comparable accuracy 
and precision to those obtained using other techniques.

exPeriMental MetHods

Cryogenic ablation stage design with thermoelectric 
cooling 

The original design of the freezing-stage consists of a brass block containing a 
U-shaped coolant channel through which liquid nitrogen flowed (Kessel et al. 2004). 
The main difficulties with this design are poor temperature control and extremely 
(often too) cold temperatures, combined with lack of thermal insulation. The latter 
leads to condensation of ice from the surrounding air on the ablation window, often 
hindering sample orientation and ablation. In addition, the tubes through which 
liquid nitrogen flows commonly develop heavy ice condensation, both inside and 
out, leading to uncontrolled sample temperature variations during analysis.

To overcome these operational difficulties, we designed and constructed an 
ablation chamber that is cooled by Peltier elements and is better insulated from 
the surrounding atmosphere to prevent condensation. Peltier elements function as 
inverse thermocouples, where a temperature difference is created by passing an 
electrical current across a junction between two materials with different resistance. 
The new device is shown in Figure 1 and consists of a stack of two Peltier elements 
(Melcor CP1.4-127-045L), completely surrounded by plastic, thermally insulating 
the elements from the atmosphere. The edges of the Peltier elements are sealed 
with silicon to prevent condensation of ice between the junctions, which would 
cause electrical shortcut. Underneath the Peltier elements, a specially designed 
water-cooled aluminum cold plate (Lytron CP20GO2) is used to carry away the 
heat from the hot side of the Peltier elements. The upper side of the Peltier elements 
is in direct contact with a copper block, containing the sample holder and ablation 
chamber. This design can cool samples to –35 °C, convenient conditions for LA-
ICP-MS analysis of aqueous solutions. The sample temperature is conveniently 
controlled via a transformer and kept constant by adjusting the current applied to 
the Peltier elements.

Diamond-trap experiments
Originally developed by Ryabchikov et al. (1989), high-P-T diamond-trap ex-

periments are designed to collect the fluid phase in a porous, permeable layer made 
of micro-diamond powder, thereby physically separating the fluid phase from the 
coexisting buffering solid assemblage and thus making it easier to analyze. Figure 
2 illustrates such diamond-trap layer, packed between two layers of experimental 
starting material in the middle of a Au capsule. After equilibration of the fluid and 
minerals at high P-T, dissolved solute may precipitate from solution upon quenching 
to ambient conditions. Such precipitates commonly occur as amorphous globules 
on the surface of the diamonds (Fig. 3). 

Potential pitfalls of this experimental technique have been discussed in the 
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