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Abstract

In New Caledonia, the weathering of ultamafic rocks under a tropical climate has led to the residual 
accumulation of trace elements in lateritic soils widely dominated by Fe-oxyhydroxides. The speciation 
of trace elements, such as Cr, Ni, and Co, in these Oxisols remains a major subject of interest regarding 
mining and environmental issues. We have assessed the speciation of chromium in the upper part of 
an Oxisol, by combining bulk and spatially resolved chemical analyses (EPMA and SEM-EDS) with 
synchrotron-based spectroscopic data (EXAFS and XANES). EPMA indicates that the main hosts 
for chromium in the bedrock sample are the silicates forsterite, enstatite, and lizardite. Hosting of 
chromium in these easily weatherable mineral species could lead to a significant loss of this element 
upon weathering. However, total analyses of major elements indicate only a slight depletion of Cr, 
together with an immobility of Fe and Al and drastic losses of Si and Mg, after the weathering of the 
bedrock. Such a low mobility of chromium is likely related to its significant incorporation in goethite 
and hematite formed after the weathering of Fe2+-bearing primary silicates. This efficiency of second-
ary Fe-oxyhydroxides at immobilizing chromium is demonstrated by quantitative analysis of EXAFS 
data that indicates that these mineral species host between 67 and 75 wt% of total Cr (compared to the 
18 to 22 wt% of total Cr hosted by chromite). In addition, SEM observation and SEM-EDS analyses 
performed on the Oxisol samples also show some evidence for chemical weathering of chromite. Chro-
mite could then represent a past and/or present source of chromium upon extended tropical weathering 
of the studied Oxisol, rather than a stable host. These results emphasize the importance of secondary 
Fe-oxyhydroxides, compared to Cr-spinels, on chromium hosting in Oxisols developed upon tropical 
weathering of ultramafic rocks. Although the trapping mechanism of chromium mainly corresponds 
to incorporation within the structural network of goethite and hematite, sorption reactions at the sur-
face of these mineral species could also be involved in such a process. In addition, considering their 
potential oxidative reactivity that can generate Cr6+ or enhance the chemical weathering of chromite, 
the occurrence of Mn oxides could significantly modify the behavior of chromium upon weathering. 
These considerations indicate that further studies are needed to assess the actual potential of chromium 
release from Oxisols developed upon weathering of ultramafic rocks under a tropical climate.
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Introduction

New Caledonia is well known for the endemic character of 
its fauna and flora (Myers et al. 2000; Proctor 2003). One third 
of the island is covered with ultramafic rocks (Coleman 1980) 
and intense weathering of these rocks under a tropical climate 
has led to the formation of deep lateritic soils, also known as 
Oxisols. Compared to their parent materials, these Oxisols are 
strongly depleted in soluble elements like Ca, Mg, and Si, and 
enriched in weakly mobile elements, mainly Fe and, to a lesser 
extent, Al (Perrier et al. 2006; Becquer et al. 2006). Among the 
weakly mobile elements, potentially toxic trace elements like 
Ni and Cr can reach concentration up to several wt% in Oxisols 

(Becquer et al. 2006), whereas their average concentration in 
the Earth’s crust is only 100 mg/kg (Nriagu 1988). Although Ni 
is known to severely restrict plant growth in Ni-enriched soils 
(Weng et al. 2004; Rooney et al. 2006), the major concern with 
these large concentrations of trace elements in Oxisols comes 
from Cr, which is considered as one of the 14 most toxic metals, 
especially concerning its carcinogenic character (Fendorf 1995). 
High levels of Cr in Oxisols can then be very hazardous for the 
environment depending on its toxicity, mobility, and bioavail-
ability. For Cr, these properties are largely controlled by its redox 
state. Reduced Cr (Cr3+) is non-hazardous and has a low solubility 
[Ks = 10–30 for Cr(OH)3 according to Garrels and Christ 1965]. 
It can substitute for Fe and/or Mn in oxides or sorb onto their 
surface (Fendorf 1995; Becquer et al. 2003), which makes this * E-mail: dik.fandeur@impmc.jussieu.fr 


