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Abstract

Mg-Ca carbonates are an important group of industrial minerals, which frequently occur intimately 
intermixed in natural settings and are traditionally assessed for phase purity by X‑ray diffraction (XRD). 
In this study Raman spectroscopy is employed to quantify the modal abundance of hydromagnesite 
[Mg5(CO3)4(OH)2·4H2O], huntite [CaMg3(CO3)4], dolomite [MgCa(CO3)2], and magnesite [MgCO3], 
in powdered mixtures constructed from fabricated reference materials. Particle size distributions were 
assessed by scanning electron microscopy and laser diffraction. Raman analyses performed using a 
portable instrument were conducted at 25 °C and at atmospheric pressure. XRD was employed to 
validate the accuracy and precision of Raman measurements. Monovariable and multivariable methods 
were employed to provide quaternary quantification from the spectroscopic data. For monovariable 
calibration the amplitude of the peaks was plotted against the measured weight ratios of the four min-
eral phases. Overlapping bands were resolved using the Gaussian Lorentzian method. Chemometric 
methods were used to perform the multivariable calibration. The overall lowest error on component 
values was obtained by principal component regression with application of standard normal variate 
correction. The quantifications derived by Raman spectroscopy and XRD show close agreement. 
Hence, evidence suggests that a reliable four-way calibration program to screen the purity of carbon-
ate assemblages can be constructed, providing particle size effects are constrained and spectroscopic 
operating conditions are uniform.
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Introduction

The carbonate minerals dolomite [MgCa(CO3)2], magnesite 
[MgCO3], hydromagnesite [Mg5(CO3)4(OH)2⋅4H2O], and huntite 
[CaMg3(CO3)4] frequently occur intimately intermixed in recent 
sediments. The latter two minerals are subject to progressive 
replacement by the equilibrium assemblage magnesite-dolomite 
during diagenesis (Kinsman 1967; Lippmann 1973; Stamatakis 
1995). Collectively, the four Mg-Ca carbonate minerals are also 
commercially important, with applications in finely powdered 
forms, in many branches of industry, e.g., pharmaceutical, cos-
metic, paint formulations, flame retardants, and bulk applications. 
Commonly, the purity of the powders with respect to the modal 
abundance of the different carbonate mineral phases is of prime 
concern. For instance hydromagnesite and huntite are often used in 
conjunction in customized mixtures (Hollingberry and Hull 2010). 
Hence, a method that facilitates rapid and accurate characterization 
of carbonate mineral assemblages is important.

Mineral identification and mineral assemblage characteriza-
tion are commonly conducted by X‑ray diffraction (XRD). The 
technique is almost invariably laboratory based and frequently 
remote from field exposures and sites of mineral processing. In 
addition, quantitative determination of assemblages by XRD 
can be problematic (Vagenas and Kontoyannis 2003) and the 

degree of long-range crystal order of synthetic and natural Mg-
Ca carbonates can be variable (Hopkinson et al. 2008, 2012). 
Another analytical technique used for quantitative analysis of 
minerals is infrared spectroscopy (IR), for which the sample 
particle size requirements are ca. 2 µm or less (Vagenas et al. 
2003). However, IR spectral bands of the Mg-Ca carbonates are 
typically relatively broad, often with indefinite baselines, and 
show significant overlap (White 1974).

Raman spectroscopy is a well-established non-destructive 
analytical technique that offers rapid identification of materials 
and their polymorphs (Dandeu et al. 2006). Current develop-
ment of portable Raman spectrometers, ranging in size from 
handheld to larger transportable equipment, could also bring 
new possible industrial or geological applications, e.g., field 
identification of minerals, mapping of quarries or on site quality 
assurance of processed ores. The Raman measurements under 
field conditions have been tested by, e.g., Jehlicka et al. (2011), 
Vitek et al. (2012), and also few pioneer studies investigated their 
reliability for a possible quantitative detection with applications 
aimed at planetary exploration (Culka et al. 2011; Vandenabeele 
et al. 2012).

The Raman spectroscopic technique is often used as a semi-
quantitative method, using line ratios or standard addition, 
thereby producing generally simple calibrations based on single 
peak height or area measurements (Vagenas et al. 2003; Noguchi 
et al. 2009). Among the quantitative investigations of carbonate * E-mail: p.kristova@brighton.ac.uk


