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Introduction:  The Ni-rich mineral phases forming 

the “garnierite” in the lateritic ore of the New Caledo-

nian occurences are composed mainly in most cases by 

talc-like minerals, identified as kerolite. The Ni-Mg 

kerolite is a solid solution from Mg-kerolite to Ni-kero-

lite (pimelite) with a structure close to the one of talc. 

The interlayer distance is of ~9.5 Å but with an excess 

of Mg in octahedral site, a relative deficit of Si in tetra-

hedral site and a water content greater than the one in 

talc [1-4]. These minerals generally occur with a collo-

morph texture, marked by a chemical zoning with grow-

ing bands characterized by alternative Ni/Mg ratio. 

However, the structure of these minerals is still not elu-

cidated. Indeed, they form generally poor crystallized 

mixtures, in particular with interstratified serpentines 

[2], which makes their study complex. Moreover, the 

Ni-Mg distribution in octahedral site may be heteroge-

neous or form clusters at a nanometric scale [5]. 

The preliminary studies of Villanova-de-Benavent 

et al. [6] and Cathelineau et al. [7] showed a high sensi-

tivity of the OH stretching and the low wavenumber re-

gion to the different mineral phases (talc, serpentine, 

kerolite). Raman spectroscopy seems thus to be a per-

formant tool to easily determine the mineral phases in a 

garnierite sample. 

SEM, SEM-EDS and TEM analysis of Ni-Mg kerolite. 

 

Objectives: In the present study we demonstrate the 

correlation between the chemical composition of the Ni-

Mg kerolite and the vibrationnal spectra of the mineral, 

combining micro-analyses (TEM, SEM-EDS) and Ra-

man microspectroscopy. 

Materials & Methods: The kerolite samples from 

the Koniambo and Poro mines (New Caledonia) exhibit 

strong chemical zoning and cover the whole range of 

Ni-Mg substitution. Chemical composition is provided 

by SEM-EDS analyses, and confirmed by TEM. The ab-

sence of interstratification is checked by TEM. Raman 

spectra are acquired exactly at the point of the SEM-

EDS chemical analysis. Data in the OH-stretchning re-

gion are treated both with classical decomposition using 

Gaussian-Lorentzian functions, but also by the BPSS al-

gorithm [8,9], a chemometrics method aiming at solving 

the Multivariate Curve Resolution (MCR) also termed 

as Non-negative Matrix Factorization (NMF) in Signal 

Processing. 

Results: A strong variation of the OH stretching 

band of kerolite is observed with Ni-Mg substitution 

with both conventional and chemometrics data treat-

ment. With the increase of the Ni content, the band be-

comes more complex and shifted toward lower wave-

numbers. 

 
Raman spectra of kerolite as a function of Ni content. The 

number in sample name is the substitution rate of Mg by Ni. 

 

Spectrum decomposition reveals at least two distinct 

spectra corresponding to the two end-members of the 

solid solution. Due to the complexity of the signal, in-

termediary compositions are not easily discriminated. 

Chemometrics treatment confirms the dependence of 

the Raman signal in the OH stretching region to the Ni-

Mg substitution rate. It also reveals a mix of four distinct 

sources correlated to the Ni content. 

The presence of four distinct species may be corre-

lated to four different arrangements in octahedral sites: 

3Mg, 2Mg-1Ni, 1Mg-2Ni, and 3Ni. The fact that the 

source corresponding to the highest Ni content appears 

at medium Ni content can be interpreted as an heteroge-

neous (cluster-like) distribution of Ni in the octahedral 

sheet. Finally, the strong difference between the simple 
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OH vibration spectrum of talc (one peak: one OH site) 

and the kerolite one lead to review the supposed OH ar-

rangement in kerolite structure, with probably a higher 

number of OH sites. 

 
BPSS data treatment of the Raman data in the OH stretching 

region. Each source is defined by a spectrum (bottom graph) 

and an intensity variation with Ni content (upper graph). 

 

Conclusion: Raman microspectroscopy reveals to 

be a strong and usefull tool to identify kerolite in a gar-

nierite sample at a micrometric scale, but also to deter-

mine the Ni-Mg substitution rate in the sample. The in-

terpretation of the Raman spectrum in the OH stretching 

vibration range gives new inside the crystallographic 

structure of Ni-Mg kerolite. 
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