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Rapidcreekite in the sulfuric acid weathering environment of Diana Cave, Romania
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Abstract
The Diana Cave in SW Romania develops along a fault line and hosts a spring of hot (Tavg =
51 °C), sulfate-rich, sodium-calcium-chloride bearing water of near-neutral pH. Abundant steam and
H2S rises from the thermal water to condensate on the walls and ceiling of the cave. The sulfuric acid
produced by H2S oxidation/hydrolysis causes a strong acid-sulfate weathering of the cave bedrock
generating a sulfate-dominated mineral assemblage that includes rapidcreekite, Ca2(SO4)(CO3)·4H2O
closely associated with gypsum and halotrichite group minerals. Rapidcreekite forms bundles of colorless tabular orthorhombic crystals elongated along [001] and reaching up to 1.5 mm in length. For
verifying the hydrogen bond scheme and obtaining crystal-chemical details of the carbonate group
a single-crystal structure refinement of rapidcreekite was performed. Its unit-cell parameters are:
a = 15.524(2), b = 19.218(3), c = 6.161(1) Å; V = 1838.1(5) Å3, Z = 8, space group Pcnb. Chemical composition (wt%): CaO 35.65, SO3 24.97, CO2 13.7, H2O 23.9, Na2O 0.291, MgO 0.173, Al2O3
0.07, total 98.75%. The empirical formula, based on 7 non-water O atoms pfu, is: Ca1.98Na0.029Mg0.013
Al0.004(S0.971 O4)(C0.97O3)·4.13H2O. The d34S and d18O values of rapidcreekite and other cave sulfates
range from 18 to 19.5‰ CDT and from –9.7 to 7.8‰ SMOW, respectively, indicating that the source
of sulfur is a marine evaporite and that during hydration of the minerals it has been an abundant 18O
exchange with percolating water but almost no oxygen is derived from O2(aq). This is the first description of rapidcreekite from a cave environment and one of the very few natural occurrences worldwide.
We also report on the mineral stability and solubility, parameters considered critical to understand the
co-precipitation of carbonates and sulfates, a process that has wide applications in cement industry
and scaling prevention.
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Introduction
Sulfates are the largest group among cave minerals, with 89
species forming in a variety of settings (Hill and Forti 1997; Onac
and Forti 2011a, 2011b). Of these, only gypsum, epsomite, and
mirabilite may be considered common for cave environments,
with gypsum perhaps the second most frequent cave mineral after
calcite (Onac 2012). The majority of the other sulfates only occur
under very particular settings, such as in caves located nearby
ore deposits or thermo-mineral water sources and in areas with
abundant post-volcanic activities.
Previous mineralogical studies on cave sulfates precipitated in sulfidic-rich steam condensate alteration environments
are known from many locations worldwide. Spallanzani
(1797) provided the first written report describing alunogen
Al2(SO4)3(H2O)12·5H2O, halotrichite Fe2+Al2(SO4)4·22H2O, and
an unidentified iron sulfate from the Alum Cave (Vulcano Island,
Sicily). More recent accounts on the mineralogy of this unique
volcanic cave highlights the presence of 22 sulfate minerals (Forti
et al. 1996; Demartin et al. 2010). Rodgers et al. (2000) report
a complex suite of minerals from another non-limestone cavity
(Ruatapu Cave, New Zealand) developed in hydrothermally
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altered vitric tuffs. When acid sulfate weathering takes place
in limestone caves, however, the mineralogy is dominated by
gypsum. This is the case for the famous, presently active sulfidicrich cave systems from Frasassi and Acquasanta (Italy; Galdenzi
and Maruoka 2003; Galdenzi et al. 2010) and Villa Luz (Mexico;
Hose et al. 2000). When the lithology exposed within carbonate
caves varies, the sulfidic steam condensate mineralogy may be
complex. Examples falling under this category include several
caves from France, Romania, and Greece (Povară et al. 1972;
Diaconu and Medeşan 1973; Audra and Hobléa 2007; Onac et
al. 2009a; Lazaridis et al. 2011).
Rapidcreekite, ideally Ca2(SO4)(CO3)·4H2O, has only been
found in nature at a very few localities; usually it is in association
with gypsum and a carbonate mineral. The mineral was originally
described by Roberts et al. (1986) from an iron-rich deposit in
the Rapid Creek area of Yukon, Canada, then three years later
by Walenta and Dunn (1989) from the Johann Mine (Black
Forest, Germany) under a completely different setting (U-Co
mineralization zone). In this later occurrence, rapidcreekite is
associated primarily with camgasite, calcite, monohydrocalcite,
and gypsum; iron containing minerals are absent there. Further
localities are two mines in Norway and Germany, respectively,
and a possible cave location in Czech Republic (Raade 1989;
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