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Abstract
A multi-methodical characterization of a sauconite (Zn-bearing trioctahedral smectite) specimen 

from the Skorpion ore deposit (Namibia) was performed by combining X‑ray powder diffraction 
(XRPD), cation exchange capacity (CEC) analysis, differential thermal analysis (DTA), thermo‑
gravimetry (TG), Fourier transform infrared spectroscopy (FTIR), and transmission electron micros-
copy (TEM‑HRTEM‑AEM). The X‑ray diffraction pattern exhibits the typical features of turbostratic 
stacking disorder with symmetrical basal 00l reflections and long‑tailed hk bands, as confirmed by 
TEM observations. Besides sauconite, the sample contains minor amounts of kaolinite, dioctahedral 
smectite, and quartz. CEC analysis provides a total of Ca (~69%), Mg (~26%), Na (~4%), and K (0.7%) 
exchangeable cations. Therefore, Zn is located exclusively within the octahedral site of sauconite. TG 
analysis of the sample yields a total mass loss of about 17%. Three endothermic peaks can be observed 
in the DTA curve, associated with dehydration and dehydroxylation of the material. An exothermic 
peak at 820 °C is also present as a consequence of decomposition and recrystallization. The infrared 
spectrum shows the typical Zn3OH stretching signature at 3648 cm–1, whereas, in the OH/H2O stretching 
region two bands at 3585 and 3440 cm–1 can be attributed to stretching vibrations of the inner hydra-
tion sphere of the interlayer cations and to absorbed H2O stretching vibration, respectively. Diagnostic 
bands of kaolinite impurity at ~3698 and 3620 cm–1 are also found, whereas 2:1 dioctahedral layer 
silicates may contribute to the 3585 and 3620 cm–1 bands. Finally, using the one-layer supercell ap-
proach implemented in the BGMN software, a satisfactory XRPD profile fitting model for the Skorpion 
sauconite was obtained. These findings have implications not only for economic geology/recovery of 
critical metals but also, more generally, in the field of environmental sciences.
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Introduction
Sauconite, a Zn-bearing trioctahedral smectite, is an ore 

mineral in nonsulfide Zn-Pb deposits, which typically forms 
by weathering of precursor Zn-sulfide minerals under differ-
ent tectonic contexts and climates, but can be also genetically 
related to hydrothermal fluids circulation (Large 2001; Hitzman 
et al. 2003; Boni and Mondillo 2015). Sauconite is commonly 
associated with other Zn-minerals, such as smithsonite, hy-
drozincite, hemimorphite, willemite, and various 10 and 7 Å 
spaced phyllosilicates (Emselle et al. 2005; Mondillo et al. 
2015; Buatier et al. 2016; Arfè et al. 2017b, 2017c; Balassone et 
al. 2017). With a content up to 50 wt% Zn oxide, sauconite can 
be an accessory mineral, as in various occurrences in Belgium, 

Ireland, Morocco, and Peru (i.e., Balassone et al. 2008, 2020; 
Coppola et al. 2008; Boni et al. 2009a, 2009b; Mondillo et al. 
2014, 2015; Buatier et al. 2016; Choulet et al. 2016; Arfè et al. 
2017a, 2017b). In some other notable cases, e.g., in Yanque, 
Peru (Mondillo et al. 2014) and Skorpion, Namibia (Borg et al. 
2003; Kärner 2006; Arfè et al. 2017a; Balassone et al. 2017), it 
can be an important source of metal. Relatively recent develop-
ments in procedures combining leaching, solvent extraction, 
and electrowinning, and their application to Zn smelting, have 
made sauconite amenable for economic Zn recovery, creating 
an interest in ore deposits dominated by these Zn-silicates 
(Gnoinski 2007; de Wet and Singleton 2008; Abkhoshk et 
al. 2014). However, Zn-bearing clays also represent low-cost 
materials being synthesized at lower temperature compared to 
smectites with other transition metals (Carniato et al. 2020, and 
references therein). Smectite group minerals have a 2:1 layered 
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