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Abstract
White (Mg-rich) and green (Ni-rich) clay infillings (“deweylite”/ “garnierite”) found in serpentine 

veins of faulted peridotite formations from New Caledonia consist of an intimate mixture of fine-grained 
and poorly ordered 1:1 and 2:1 layer silicates, commonly referred to as non-expandable serpentine-
like (SL) and talc-like (TL) minerals. New data on the swelling and shrinking capacity of these layer 
silicates were gathered from X-ray diffraction (XRD) after saturation of the clay fractions with differ-
ent cations (Ca2+, Li+, K+), ethylene glycol (EG) solvation, and heat treatments. Simultaneously, layer 
charge distribution and vacancy density, respectively, were investigated by FTIR spectroscopy on 
NH4-saturated clay fractions and XRD on Li-saturated clay fractions before and after heating (Hofmann 
Klemen treatment). Five clay infillings, with dominant 2:1 layer silicates and variable Ni contents, were 
selected for this study, from a large set of veinlets, according to their swelling capacity. The crystal 
chemistry of these samples was characterized by FTIR spectroscopy and bulk chemical analyses. 

The swelling ability of the clay infillings is attributed to the 2:1 layer silicates. It does not seem 
to be affected by the relative fraction of Mg and Ni in their octahedral sheets. In XRD patterns, the 
swelling ability is reflected by slight shifts of the basal reflection of the 2:1 layer silicates toward low 
angles for bulk samples and by splitting of the peak into two contributions for clay fractions saturated 
with Ca (or Li) and solvated with EG. The split increases with the swelling capacity of the sample. 
It originates mainly from octahedral-layer charge generated by vacant sites. Such results lead us to 
consider the 2:1 layer silicates of the infillings as an intimate mixture of non-expandable (TL) and 
expandable (stevensite) phases. In agreement with previous studies that suggested a contribution of 
hydrothermal processes in the alteration of serpentine species into 2:1 layer silicates, we propose that 
the proportion of expandable phases in the clay infillings (or vacancy sites in the octahedral sheets 
of the 2:1 layer silicates) could be used as an efficient means for assessing the temperature of their 
formation. Clay infillings mostly made of stevensite would have formed at ambient temperatures, 
whereas those consisting mainly of non-expandable TL would have formed at higher temperatures.
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Introduction
Nickeliferous laterites developed on ultramafic rocks (e.g., 

dunite, harzburgite) in tropical regions are of particular interest 
as they commonly contain two kinds of Ni-silicate ores: (1) “clay 
silicate” ores, and (2) “hydrous Mg/Ni silicate” ores (Brand et 
al. 1998; Gleeson et al. 2004; Freyssinet et al. 2005; Wells et al. 
2009, Fritsch et al. 2016). Layer silicates of the “clay silicate” 
ores are mostly composed of swelling dioctahedral 2:1 layer 
silicates (smectite) such as Fe-nontronite, Fe-montmorillonite, 
and Al-beidellite (e.g., Gaudin et al. 2004). They usually occur 

in saprolite, at the bottom of thick and poorly drained lateritic 
profiles developed on ultramafic rocks and correspond to low-
grade Ni-deposits (<4 wt% Ni).

By contrast, layer silicates of the “hydrous Mg/Ni silicate” ores 
mostly consist of weakly expandable trioctahedral 1:1 and 2:1 layer 
silicates of the serpentine [structural formula: Si2(Mg,Ni)3O5(OH)4] 
and talc [structural formula: Si4(Mg,Ni)3O10(OH)2] mineral 
groups (e.g., Brindley and Hang 1973; Brindley and Wan 1979; 
Brindley 1980; Manceau and Calas 1985; Tauler et al. 2009; 
Wells et al. 2009). Because of their small size and low crystal 
order (stacking defects and vacancies), these layer silicates are 
commonly referred to as serpentine-like (SL) and talc-like (TL) 
minerals (Villanova-de-Benavent et al. 2014, 2019; Fritsch et al. 
2016). Because of their same ionic charge (+2) and similar ionic 
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