
American Mineralogist, Volume 105, pages 664–673, 2020

0003-004X/20/0005–664$05.00/DOI: https://doi.org/10.2138/am-2020-7118       664 

* E-mail: Li9968@126.com

Cassiterite crystallization experiments in alkali carbonate aqueous solutions using a 
hydrothermal diamond-anvil cell

Yongchao Liu1, Jiankang Li1,*, and i-Ming chou2

1MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological Sciences, 
Beijing 100037, China

2CAS Key Laboratory of Experimental Study Under Deep-Sea Extreme Conditions, Institute of Deep-sea Science and Engineering, Chinese 
Academy of Sciences, Sanya, Hainan 572000, China

abstract

Ore-forming fluids enriched in alkali carbonate are commonly observed in natural melt and fluid 
inclusions associated with tin mineralization, particularly in granitic pegmatite. However, the roles 
of alkali carbonates remain unclear. Hence, to investigate the roles of alkali carbonate, herein, cassit-
erite (SnO2) crystallization experiments in SnO2–Li2CO3–H2O and SnO2–Na2CO3–H2O systems were 
conducted using a hydrothermal diamond-anvil cell. The results showed that SnO2 could dissolve 
into the alkali carbonate aqueous solution during heating, and long prismatic cassiterite crystals grew 
during the subsequent cooling stage at average rates of 0.61 × 10–6 to 8.22 × 10–6 cm/s in length and 
3.40–19.07 μm3/s in volume. The mole fraction of cassiterite crystallized from the SnO2–Li2CO3–H2O 
system ranges from 0.03 to 0.41 mol%, which depends on the Li2CO3 content dissolved in the aqueous 
solution. In situ Raman analysis of the alkali carbonate-rich aqueous solution in the sample chamber 
suggests that the dissolution of SnO2 can be attributed to the alkaline conditions produced by hydro-
lysis of alkali carbonate in which Sn(OH)6

2– may be a potential tin-transporting species. The cassiterite 
crystallization conditions obtained in our SnO2–alkali carbonate–H2O systems primarily fell within the 
400–850 °C and 300–850 MPa temperature and pressure ranges, respectively; furthermore, cassiterite 
crystallization ended in rare metal pegmatite-forming conditions. These crystallization features of 
cassiterite are similar to those formed in tin-mineralized granitic pegmatites. It indicates that an alkali 
carbonate-rich aqueous solution or hydrous melt can work as a favorable transport medium for tin 
and provides the necessary conditions for cassiterite crystallization in granitic pegmatite, bearing the 
roles in decreasing the viscosity of hydrous melts and enhancing the solubility of SnO2 in ore-forming 
melts or fluids. These roles of alkali carbonate can also be extended for the mineralization of other 
rare metals (e.g., Li and Be) in granitic pegmatite.
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introduction

Cassiterite (SnO2) is a predominant tin ore mineral (Kamilli 
et al. 2017); however, the physicochemical parameters for its 
formation remain debatable (Audétat et al. 1998; Linnen 1998; 
Naumov et al. 2011; Korges et al. 2018). Thermodynamic calcu-
lations have indicated the presence of tin as hydroxide complexes 
in water (Jackson and Helgeson 1985), and it is well known that 
the solubility of cassiterite is highly temperature-dependent 
(Štemprok 1990; Wilson and Eugster 1990; Bhalla et al. 2005). 
The tin deposit formation process has been linked to the mobility 
of tin as Sn(II)–Cl or F complexes in reduced acid fluids, while 
the precipitation of tin as cassiterite requires oxidation and acid 
liberation (Li 1989; Heinrich 1990; Taylor and Wall 1993; Linnen 
et al. 1995; Sherman et al. 2000; Müller and Seward 2001; Duc-
Tin et al. 2007). However, Schmidt (2018) demonstrated that tin 
can be transported in the form of Sn(IV)–Cl complexes, such that 
HCl molality is a crucial parameter for cassiterite precipitation, 

and pH, pressure, and temperature are less important parameters.
In addition, there is increasing evidence that the capability 

of CO2/carbonate-rich fluids to transport some metals at high 
temperatures and pressures can be significant (Phillips and Evans 
2004; Jones et al. 2013; Kokh et al. 2017; Li et al. 2018). The 
mineral-forming fluids in many tin deposits, especially in tin-
mineralized granitic pegmatite, bear low salinity and high alkali 
carbonate (e.g., Li2CO3, Na2CO3, Cs2CO3, K2CO3) concentra-
tions, but only trace quantities of the typical pegmatite-forming 
fluxes (e.g., F, Cl) (Fu et al. 1993; Fu and Kwak 1994; Rickers 
et al. 2006; Thomas and Davidson 2016). For example, cas-
siterite hosts carbonate/bicarbonate-rich melt inclusions in the 
Ehrenfriedersdorf pegmatite, Germany (Thomas et al. 2006a). 
These features suggest that alkali carbonates may play important 
roles in tin mineralization (Kosals 1976; Thomas et al. 2011). 
Furthermore, alkali carbonate-rich fluids are not rare in granite 
pegmatites. Carbonate-rich melt and fluid inclusions are found in 
quartz, feldspar, spodumene, and beryl of many pegmatites (e.g., 
Bikita in Zimbabwe, Tanco in Canada, Erzgebirge and Zinnwald 
in Germany, Jiajika and Zhawulong in China) (Anderson et al. 




