
American Mineralogist, Volume 96, pages 1003–1011, 2011

0003-004X/11/0007–1003$05.00/DOI: 10.2138/am.2011.3734      1003 

Quantitative determination of chrysotile in massive serpentinites using DTA:  
Implications for asbestos determinations

C. Viti,1,* C. GiaCobbe,2 and a.F. Gualtieri2

1Dipartimento di Scienze della Terra, University of Siena, Via Laterina 8 I-53100 Siena, Italy
2Dipartimento di Scienze della Terra, University of Modena and Reggio Emilia, Via S. Eufemia 19, I-41000 Modena, Italy

abstraCt

There is increasing concern about the health hazard of asbestos from natural geologic deposits 
such as greenstones [natural occurring asbestos (NOA)]. Therefore, quantitative determination of 
the chrysotile asbestos content within massive serpentinites is a recurrent requirement of recent 
asbestos-inherent law regulations, due to the possible health hazard associated with the release of 
chrysotile fibers. Unfortunately, the obtainment of accurate and precise quantitative figures of the 
actual chrysotile content is strongly complicated by typical serpentinite textures, consisting of fine-
to-ultrafine intergrowths of fibrous and non-fibrous serpentine minerals, often difficult to identify by 
conventional methods, such as X-ray diffraction or microanalytical approaches.

In this paper, we propose a reliable and straightforward method for the quantitative determination of 
chrysotile asbestos within bulk massive serpentinites, based on thermal analysis data and, specifically, 
on the distinctive thermal behavior of chrysotile, lizardite, and antigorite during dehydroxylation at 
500–800 °C. Deconvolution processing of DTA endothermic signals in the dehydroxylation tempera-
ture range revealed good linear correlation between peak area ratios and chrysotile content, for both 
lizardite + chrysotile and antigorite + chrysotile samples. The DTA correlation curves have been used 
to determine the chrysotile content in two test serpentinites, revealing surprisingly high-chrysotile 
content. This novel method is of vast importance as it represents one of the most promising tools 
for chrysotile quantitative determinations in massive serpentinites, providing unbiased and accurate 
responses to recent asbestos-related law requirements.
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introduCtion

Serpentinites form by hydration of peridotitic rocks during 
ocean-floor metamorphism and represent a significant and world-
wide component of ophiolitic complexes. These rocks predomi-
nantly consist of serpentine minerals [lizardite, antigorite, and 
chrysotile, together with polygonal and polyhedral serpentine; 
Baronnet et al. (1994); Andreani et al. (2008)], with possible oc-(1994); Andreani et al. (2008)], with possible oc-(2008)], with possible oc-
currences of spinels, forsterite, pyroxenes, amphiboles, chlorite, 
talc, and brucite. Depending on the metamorphic and tectonic 
setting, serpentinites exhibit variable textures and mineral assem-
blages (Wicks and Whittaker 1977; Wicks and O’Hanley 1988). 
In particular, undeformed, retrograde ocean-floor serpentinites 
consist of lizardite and chrysotile in mesh and bastite pseudo-
morphic textures (Viti and Mellini 1998; Mevel 2003), whereas 
prograde serpentinites consist of interpenetrating or interlocking 
antigorite, associated with minor chrysotile (Trommsdorff and 
Evans 1972; Wicks and Whittaker 1977).

One of the main problems in the study of massive serpen-
tinites is the accurate identification of the different serpentine 
minerals due to the close resemblance of their basic structures, 
invariably characterized by 7 Å spaced TO layers [crystal struc-
tural details in Mellini (1982); Mellini and Viti (1994); Capitani 
and Mellini (2004, 2006); Mugnaioli et al. (2007)], and to their 

similar chemical compositions, usually close to the magnesian 
end-member Mg3Si2O5(OH)4, except for minor Al and Fe sub-
stitutions and for brucite-unit loss in antigorite (e.g., Uehara and 
Shirozu 1985; Mellini et al. 1987). Therefore, investigations by 
conventional X-ray powder diffraction (XRPD) and electron 
microprobe analyses (EMPA) often fail in confident serpentine 
distinction, especially when they occur in poorly crystalline and 
fine-to-ultrafine assemblages (as typical for massive samples). 
Micro-infrared and micro-Raman spectroscopies appear to 
be more successful methods, due to the sharp differences in 
OH and Si-O stretching vibrations of lizardite, antigorite, and 
chrysotile (e.g., Rinaudo et al. 2003; Petry et al. 2006); however, 
when applied to massive serpentinites (i.e., to mixed serpentine 
intergrowths, at a sub-micrometer scale), confident qualitative 
determinations may be strongly complicated.

The accurate identification of serpentine mineralogy has im-
portant geodynamical and petrological implications (e.g., Ulmer 
and Trommsdorff 1995; Moore et al. 1996; Peacock 2001), but 
it is also required for health-related reasons. In fact, chrysotile, 
the fibrous variety of serpentine, is the most common asbestos 
mineral, together with fibrous actinolite, amosite, anthophyl-
lite, crocidolite, and tremolite, representing a solid pollutant of 
particular importance among airborne particles (Schreier 1989; 
Guthrie and Mossman 1993; Skinner 2003). Chrysotile has been 
abundantly employed in asbestos-containing materials (ACM), 
and it is ubiquitous in nearly all serpentinitic outcrops, usually * E-mail: vitic@unisi.it


