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IntroductIon

Monohydrocalcite (CaCO3·H2O), formerly also known by the 
discredited name hydrocalcite, has been reported as a breakdown 
product of ikaite (CaCO3·6H2O) (Krauss and Schriever 1930; 
Ito et al. 1999), from marine sources (Dahl and Buchardt 2006), 
as a product in air conditioner systems (Marschner 1969), as 
moonmilk inside caves (Onac 2000), and in lacustrine deposits 
(Sapozhnikov and Tsvetkov 1959; Stoffers and Fischbeck 1974, 
1975; Krumbein 1975; Taylor 1975).

Monohydrocalcite was discovered to be a principal com-
ponent of beachrock in two lakes, Lake Fellmongery and Lake 
Butler, along the Limestone Coast of South Australia, near the 
town of Robe (Taylor 1975). Here the beachrock appears to be 
produced from wind-blown spume from the lakes, in which a 
variety of blue-green algae are found. Other lacustrine deposits 
of monohydrocalcite have been documented at Lake Issyk-Kul, 
Kyrgyzstan (Sapozhnikov and Tsvetkov 1959), Lake Kivu, 
Congo, and Solar Lake, Sinai (Stoffers and Fischbeck 1974, 
1975; Krumbein 1975).

Studies have been performed on the influence of Ba2+ and 
Mg2+ on the precipitation of aragonite, calcite, and monohydro-
calcite, as well as the partitioning of these ions between solution 
and crystalline phases (Kitano et al. 1979). Thermochemical 
investigations have shown that monohydrocalcite, like ikaite, is 
always metastable with respect to mixtures of water and anhy-
drous calcium carbonate, and, similar to the formation of ikaite, 
the presence of inhibitors such as Mg2+ and polyphosphates ap-
pears to encourage its production over that of anhydrous calcium 
carbonate (Hull and Turnbull 1973). Monohydrocalcite has been 
reported as decomposing to aragonite in air (Brooks et al. 1950). 
Most reports have suggested that it may slowly decompose to 
calcite in the presence of water (Taylor 1975).

Explanations for the origin of monohydrocalcite in caves have 

included an evaporation-aerosol mechanism (Fischbeck and Mül-
ler 1971) and a biochemical genesis (Broughton 1972). In these 
environments, monohydrocalcite has been reported in association 
with hydromagnesite [Mg4(OH)2(CO3)3·H2O], dolomite, nesque-
honite (MgCO3·H2O), calcite, and aragonite. Monohydrocalcite 
has also been reported in several bizarre biological locations, 
including the gall bladder of a guinea pig (Skinner et al. 1977), 
the otoliths of a tiger shark (Carlstrom 1963), being produced 
from the decomposition of Ca-oxalate during the final stages of 
decomposition of the saguaro cactus (Garvie 2003, 2006), and 
as spherulites in domesticated animal dung (Shahack-Gross et 
al. 2003). These, and the presence of blue-green and green algal 
films on the deposits at Lakes Butler and Fellmongery (Taylor 
1975), suggest that a biochemical route is a strong possibility 
for production of monohydrocalcite.

Taylor (1975) reviewed the literature covering the synthesis 
of monohydrocalcite, and noted that it is often produced dur-
ing attempts to crystallize dolomite. Recently, it also has been 
suggested that a low-temperature route of dolomite production 
may be via decomposition of hydrous precursor phases of Mg-
rich Ca-carbonates (de Leeuw and Parker 2001; Kelleher and 
Redfern 2002). Candidates therefore include ikaite and possibly 
monohydrocalcite. The diffraction pattern of monohydrocalcite 
has been used to identify it as an intermediate phase in a complex 
transition from portlandite, Ca(OH)2, to CaCO3 inside ordinary 
Portland cements during hydration (Stepkowska et al. 2007). 
Recently, the structure of monohydrocalcite has been used in 
EXAFS fits for comparison to amorphous calcium carbonates 
in studies pertaining to biomineralization (Levi-Kalisman et al. 
2000; Neumann and Epple 2007). For these reasons a re-exami-
nation of the crystal structure seemed in order.

ExPErImEntal mEthodS
Attempts were made to prepare fully deuterated monohydrocalcite from 

artificial seawater, created from reactor-grade D2O, as we had successfully cre-
ated fully deuterated ikaite from deuterated solutions in the past. However, while * E-mail: ian.swainson@nrc.gc.ca

abStract

Samples of beachrock from Lakes Butler and Fellmongery, near Robe, South Australia, were 
examined by neutron and X-ray powder diffraction. Considerable variation in phase composition 
was observed, although all samples possessed monohydrocalcite, calcite, aragonite, and magnesian-
calcite. The Rietveld refinement of the structure of monohydrocalcite showed significant changes in 
the orientation of water molecules and a major change in the orientation of a carbonate group with 
respect to the currently accepted structure. The current refinement shows that the hydrogen-bonding 
structure consists of three distinct networks, with each of the three carbonate groups being bonded to 
a single water molecule via one linear and one bifurcated hydrogen bond.
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