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INTRODUCTION

Calcium carbonate, CaCO3, an important constituent of the 
Earth s̓ crust and oceans, occurs as several crystallographic struc-
tures. The anhydrous polymorphs of CaCO3 include aragonite, 
calcite, and vaterite. Calcite can also undergo several metastable 
phase transitions at high pressures to form calcite I, II, and III 
(Merrill and Bassett 1975; Suito et al. 2001). There are two 
hydrous forms of calcium carbonate, ikaite (CaCO3·6H2O) and 
monohydrocalcite (CaCO3·H2O). They have been found to be 
stable at H2O pressures greater than ambient or at temperatures 
below 25 °C, with the hexahydrate being more favored at higher 
pressure (Hull and Turnbull 1973). CaCO3·6H2O was Þ rst syn-
thesized in the laboratory by Pelouze (1831) but was not found 
in nature until 1963 when it was observed forming at the bottom 
of Ika Fjord in Greenland and was named ikaite (Pauly 1963). 
It was found in submarine columns with a temperature of 3 °C 
that extend up to 20 m above the fjord ß oor over springs located 
in the ß oor. To date there have been only about ten reports of 
natural ikaite in such places as the Zaire deep-sea fan (Jansen et 
al. 1987), Mono Lake, California (Council and Bennett 1993), 
and the Antarctic Shelf (Suess et al. 1982). In these cases as well 
as other studies, ikaite has been found in hydrous environments 
where the temperatures are close to 3 °C, but as shown in the 
laboratory, at warmer temperatures it rapidly decomposes into 
a cloudy, white suspension of calcite crystals (Marland 1975). It 
has been hypothesized by Shearman and Smith (1985) that ikaite 
is the precursor of the calcite pseudomorphs in thinolite tufa of 

Pleistocene lakes that Þ lled the Lahontan and Mono Basins.
Few studies have been conducted on ikaite to determine 

its stability at high pressures. Dickens and Brown (1970) Þ rst 
determined the crystal structure of ikaite. They found that ikaite 
is monoclinic with each CaCO3 ion pair surrounded by an enve-
lope of 18 H2O molecules. Van Valkenburg et al. (1971) found 
that ikaite was more stable than calcite and aragonite at room 
temperature and high water pressure. Marland (1975) found that 
ikaite was stable at room temperature only at pressures above 
0.5 to 0.6 MPa; however, the exact pressure range was not deter-
mined. The method used in the latter study required powdering 
the sample and, due to its instability, examining it within thirty 
minutes of preparation. Bischoff et al. (1993) examined the 
stability and solubility from 0 to 25 °C. 

In a recent paper Scott et al. (2004) present evidence that 
co-existing H2O and CaCO3 in the presence of a reducing agent 
such as FeO at high P-T conditions will yield methane plus 
magnetite. It seems reasonable that co-existing ikaite and FeO 
might also yield methane plus magnetite at high P-T conditions. 
Our experiments as well as the natural occurrences of ikaite took 
place in the absence of any such reducing agent. There was no 
evidence in any of our experiments that diamond entered into 
the reaction. Likewise, the natural settings of ikaite appear to 
have been in relatively oxidizing conditions that favored ikaite 
as the stable phase.

Raman spectroscopy has been applied to ikaite only once 
before by Mikkelsen et al. (1999). That study did not use high 
pressure to synthesize ikaite, but rather precipitated it in the same 
way as Dickens and Brown (1970): by dissolving CaCl2 in water 
and adding it to a solution containing Na2CO3 and Na5P3O10. 
When this Þ nal solution was left for several months at 3 to 5 
°C, crystals of ikaite grew. The crystals were then washed, dried 
with acetone, and ground to a Þ ne powder.
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ABSTRACT

Raman analyses of single crystals of ikaite, CaCO3·6H2O, synthesized in a diamond-anvil cell at 
ambient temperature yield spectra from 0.14 to 4.08 GPa; the most intense peaks are at 228 and 1081 
cm�1 corresponding to Eg (external) and A1g (internal) modes of vibrations in CO3

2� ions, respectively. 
These are in good agreement with Raman spectra previously published for ikaite in powder form at 
ambient temperature and pressure. Visual observations of a sample consisting initially of a mixture of 
calcite + water in a hydrothermal diamond-anvil cell yielded a P-T phase diagram up to 2 GPa and 120 
°C; the boundary for the reaction ikaite ↔ aragonite + water has a positive slope and is curved convexly 
toward the aragonite + water Þ eld similar to typical melt curves. This curvature can be explained in 
terms of the Clapeyron equation for a boundary between a solid phase and a more compressible liquid 
phase or largely liquid phase assemblage. 


