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Abstract  

Raman spectroscopy was used to characterize and differentiate the two minerals calcite 

and dolomite and the bands related to the mineral structure. The (CO3)2- group is 

characterized by four prominent Raman vibrational modes: (a) the symmetric stretching, 

(b) the asymmetric deformation, (c) asymmetric stretching and (d) symmetric 

deformation. These vibrational modes of the calcite and dolomite were observed at 1440, 

1088, 715 and 278 cm-1. The significant differences between the minerals calcite and 

dolomite are observed by Raman spectroscopy. Calcite shows the typical bands observed 

at 1361, 1047, 715 and 157 cm-1, and the special bands at 1393, 1098, 1069, 1019, 299, 

258 and 176 cm-1 for dolomite are observed. The difference is explained on the basis of 

the structure variation of the two minerals. Calcite has a trigonal structure with two 

molecules per unit cell, and dolomite has a hexagonal structure. This is more likely to 

cause the splitting and distorting of the carbonate groups. Another cause for the 

difference is the cation substituting for Mg in the dolomite mineral. 
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Introduction 1 

The principal constituents of most sedimentary rocks are quartz, carbonates and clay 2 

minerals [1]. Calcite, the most important and abundant calcium carbonate containing 3 

mineral, is a constituent of carbonates, as well as other sediments [2]. Due to its wide 4 

spread presence, the industrial application of calcite is well studied. Calcite is the most 5 

abundant form and is widely distributed in the Earth’s crust followed by aragonite, 6 

vaterite and the comparatively rare dolomite. Most calcite is relatively pure. Common 7 

impurities include magnesium, ferrous ion and manganese [3]. Dolomite occurring as an 8 

impurity in limestone has been observed to be the major ingredient in the ultimate MgO 9 

content of cement clinker. Natural dolomite minerals are being studied most, as these 10 

form the basic materials for the manufacture of cement and also for industrial pollution 11 

control. It is used as a calcium and magnesium supplement in the pharmaceutical industry. 12 

After calcite (CaCO3), dolomite [CaMg(CO3)2] is the most abundant carbonate mineral 13 

in the Earth. It consists of a layered structure with R3 symmetry in which Ca2+ and Mg2+ 14 

fill alternated planes separated by planar carbonate groups normal to the c axis of the 15 

hexagonal cell [4]. Furthermore, the structure of calcite and dolomite is of greater interest 16 

because a number of important mineral constituents of sedimentary rocks, including 17 

magnesium and iron-bearing carbonate, have structures that are identical with or closely 18 

related to the calcite pattern [3]. 19 

In order to characterize calcium carbonate/carbonate minerals in mineralogical and 20 

morphological respects, they are usually analyzed by infrared spectroscopy and/or x-ray 21 

diffraction, depending on the size and purity of the sample. Scanning electron or optical 22 

microscopy is generally associated with these analyses in order to characterize the 23 

crystals from their habits. Raman spectroscopy has rarely been employed for 24 

investigating the structure of carbonate minerals. Very few studies have used this 25 

technique to differentiate the carbonate minerals. However, Raman spectroscopy has 26 

proven very useful for the study of minerals [5]. Indeed Raman spectroscopy has proven 27 

most useful for the study of diagentically related minerals as often occurs with carbonate 28 

minerals. The aim of this work was to measure the Raman spectra of the two carbonate 29 

minerals in order to recognize/differentiate the minerals calcite and dolomite by Raman 30 

spectroscopy. Special attention was paid to the normal vibrational modes of the carbonate 31 



3 

anion, the structural distortion of (CO3)2- and the differences between calcite and 32 

dolomite. 33 

 34 

Experimental 35 

Minerals 36 

Two samples, containing minor impurity quartz, were selected for this study (Table 37 

1). The samples were used directly, without prior size fraction separation, since one of the 38 

objectives was to determine the influence on the Raman spectroscopy of mineral samples. 39 

Raman spectroscopy 40 

The crystals of calcite and dolomite were placed and oriented on the stage of an 41 

Olympus BHSM microscope, equipped with 10e and 50e objectives and part of a 42 

Renishaw 1000 Raman microscope system, which also includes a monochromator, a filter 43 

system and a charge-coupled device (CCD) detector. Raman spectra were excited by a 44 

He–Ne laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000 cm-1. 45 

Repeated acquisition using the highest magnification was accumulated to improve the 46 

signal-to-noise ratio. Spectra were calibrated using the 520.5 cm-1 line of a silicon wafer. 47 

In order to ensure that the correct spectra were obtained, the incident excitation radiation 48 

was scrambled. Spectral manipulation such as baseline adjustment, smoothing and 49 

normalization was performed using the GRAMS software package (Galactic Industries, 50 

Salem, NH, USA). Details of the technique have been published previously [6-8]. 51 

 52 

Results and discussion  53 

Raman spectroscopy 54 

The Raman spectra of calcite and dolomite in the 1700 to 100 cm-1 region are shown 55 

in Fig.1. It is reported that the Raman spectral differences and band component analysis 56 

are found to be very useful in order to differentiate the carbonate minerals [9-11]. Fig. 1 57 

illustrates the Raman spectra of calcite (Cal) and dolomite (Dol). Some variations in both 58 

the band positions and intensities of the CO3
2- group vibrational modes among the 59 

samples are observed. For convenience, the Raman spectra of these two samples are 60 
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divided into three sections; they are (a) the 1700-1200 cm-1 region attributed to the 61 

(CO3)2- asymmetric stretching modes (Fig.2); (b) the 1200-600 cm-1 region due to the 62 

symmetric stretching of the CO3
2- group (Fig.3) and (c) the 500-100 cm-1region assigned 63 

to the external vibrations of the CO3
2- group (Fig.4). Frost [5, 12-14] mentioned many 64 

times that the free ion, (CO3)2- with D3h symmetry exhibits four normal vibrational 65 

modes: asymmetric stretching vibration, an out-of-plane bend, a doubly degenerate 66 

asymmetric stretch, and another doubly degenerate bending mode. The symmetries of 67 

these modes are A1’ (R) +A2’’ (IR) +E’ (R, IR) +E”(R, IR). In the Raman spectra of 68 

carbonate samples, the symmetric stretching (ν1), the asymmetric deformation (ν2), 69 

asymmetric stretching (ν3) and symmetric deformation (ν4) are found to be active as 70 

predicted from factor group analysis. 71 

 72 

1700-1200 cm-1 region 73 

The Raman spectra of calcite and dolomite in the 1700-1200 cm-1 region are shown 74 

in Fig.2. In this wavenumber region of the samples studied the following can be 75 

observed (Fig. 2): 76 

(1) Four band or shoulder at 1613, 1580, 1556 and 1518 cm-1 77 

(2) Several bands centered at 1440, 1378, 1342, 1316, 1295 and 1267 cm-1 78 

The bands observed at 1678, 1613, 1580, 1556 and 1518 cm-1 are in good agreement 79 

with the work from Frost [10-13, 15] and Gunasekaran [1, 3, 16, 17]. The assignment of 80 

bands in the 1700 to 1500 cm-1 region depends upon likely interpretations. The band 81 

observed at 1656 cm-1 for dolomite and at 1678 cm-1 for calcite is assigned to the water 82 

bending mode. This band is normally strongly infrared active, and is very weakly Raman 83 

active if observed at all. For pure water the band is observed at around 1630 cm-1. The 84 

observation of this band at higher wavenumbers is attributed to the bending mode of 85 

water in a highly structured environment. Such an environment results from the water 86 

molecules hydrogen bonded to both the carbonate units and bonding to other water 87 

molecules. It is proposed that a model, in which spaces exist in the interlayer as is often 88 

shown in many diagrams, is not correct. The interlayer is completely filled with water 89 

molecules and intercalated anions. Water in the interlayer is also in a highly structured 90 

environment, as is evidenced by the shift in the water bending mode to 1656 cm-1, 91 
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through hydrogen bonding to the carbonate anion and bonding to other water molecules. 92 

According to the research by Gunasekaran [3] and Tlili [18], the bands observed at 1613, 93 

1580, 1556 and 1518 cm-1 may be regarded as the combination band of the asymmetric 94 

stretching in the 1400-1200 cm-1 region and the external vibrations of the (CO3)2- group 95 

in the 200-100 cm-1 region. The observed splitting at 1440, 1378, 1342, 1316, 1295 and 96 

1267 cm-1 suggests that the carbonate groups are slightly distorted and are in the 97 

amorphous state. It is proposed that this splitting also indicates the prevalence of low 98 

pressure during the formation of the mineral. For calcite, the (CO3)2- asymmetric 99 

stretching modes are observed at 1440, 1405, 1378, 1361 and 1342 cm-1. For dolomite, 100 

the (CO3)2- asymmetric stretching modes are observed at 1440, 1412, 1393, 1376 and 101 

1342 cm-1. The splitting of the ν3 asymmetric stretching of (CO3)2- vibrations suggests 102 

that monodentate and bidentate carbonate groups may be present together in the crystal 103 

structure of calcite and dolomite. However, any detailed resolution of mono and bidentate 104 

carbonate ligands from Raman spectra is not possible in the structure of these samples. It 105 

was reported that calcite has a trigonal structure with two molecules per unit cell. The 106 

calcium ions and the carbon atoms of the carbonate ions all lie on the trigonal axis and 107 

the orientations of the two carbonate ions are staggered relative to each other so that there 108 

is a center of symmetry [3, 16, 17]. Dolomite minerals are structurally similar to calcite 109 

minerals and have a hexagonal structure, and each cation is in sixfold co-ordination with 110 

the oxygen atoms. Each (CO3)2- radical is associated with either a calcium or magnesium 111 

cation because the mineral structure alternates between layers of calcium and magnesium. 112 

The carbonate layers remain unchanged in their six-layer sequence and the unit cell 113 

configuration is comparable to that of calcite. Therefore, the structure characteristic is 114 

another reason for the splitting and distorting of the carbonate groups. 115 

In general, the bands discussed above seem to be characteristic of the carbonate 116 

minerals. Comparing these two carbonate minerals, calcite show a typical band observed 117 

at 1361 cm-1, and a special band at 1393 cm-1 for dolomite is observed. The difference is 118 

explained on the basis of the structure variation of the two minerals. Calcite has a trigonal 119 

structure with two molecules per unit cell, and dolomite has a hexagonal structure. This is 120 

more likely to cause the splitting and distorting of the carbonate groups. The observation 121 

of the band at 1656 cm-1 for dolomite and at 1678 cm-1 for calcite is attributed to the 122 



6 

bending mode of water in a highly structured environment. The position of this band 123 

provides evidence of strongly hydrogen-bonded water in the mineral structure. 124 

 125 

1200-600 cm-1 region 126 

The Raman spectra in the 1200 to 600 cm-1 for the minerals calcite and dolomite are 127 

shown in Fig.3. An intense sharp Raman band at 1088 cm-1 is observed for the mineral 128 

calcite studied. This band is assigned to the ν1(CO3)2- symmetric stretching mode. It is 129 

reported that the position of this band is a function of the crystal structure of the 130 

carbonate mineral [5]. The structure of calcite belongs to the space group, R3 c, and this 131 

group is composed of minerals with the general formula, ACO3, where ‘A’ can be 132 

divalent cadmium, calcium, cobalt, copper, iron, magnesium, manganese, nickel and/or 133 

zinc. For the sample dolomite, the principal wavenumber at 1092 cm-1 is accompanied by 134 

two satellites having values of 1098 and 1088 cm-1, which is similar to the observation of 135 

Gunasekaran et al.[3] and Frost et al.[5]. These two satellites are attributed to independent 136 

discrete normal modes of vibration of the crystal structure made feebly active by the 137 

strongly active mode of 1092 cm-1. It is concluded that this change in carbonate 138 

vibrational modes is caused by changes in metal–oxygen bond length. This mode is 139 

predicted to be located at 1088 cm-1, but the vibrational modes of dolomite are centered 140 

between 1064 and 1098 cm-1. The effect of metal–oxygen bonding upon the ν1 mode is 141 

demonstrated in the Raman spectra of calcite and dolomite, where the ν1 position is red 142 

shifted from 1049 cm-1 (free carbonate ion) to 1088 cm-1 and 1098 cm-1, respectively. 143 

Therefore, it is proposed that the greater ν1 red shift of dolomite compared with calcite is 144 

expected, as the shorter Mg-O bonds cause a greater change in carbonate C-O vibrational 145 

frequency. It is of interest to note that the changes in the Mg content of carbonates caused 146 

both a red shift and peak broadening of the ν1 symmetric (CO3)2-
 stretching. The 147 

interpretation of the continuous ν1 symmetric (CO3)2-
 stretching band shift in dolomite 148 

based on increases in the number of Mg-O bonds with random Mg substitution can be 149 

applied to the band shifts observed in Mg-bearing carbonates mineral. Other low intensity 150 

bands for calcite are observed at 1178, 1132 and 1112 cm-1. The latter band at 1112 151 

cm-1 is assigned to the stretching of the Si-O band, while the bands at 1132 and 1178 152 

cm-1 are caused by the stretching vibrations of Si-O-Si. This is due to the existence of 153 
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impurity quartz. The symmetric (CO3)2-
 deformation gives rise to a relatively strong 154 

Raman band for calcite at 715 cm-1. This band can be attributed to the vibrational modes 155 

at longer wavelengths associated with the fundamental internal and lattice vibration band. 156 

It is reported that the presence of non-split band at 715 cm-1 in the mineral samples 157 

indicates the presence of calcite structure in the sample. Therefore, this band is a 158 

characteristic band for calcite. 159 

A comparison of Fig.3 gives some discovery that not only the (CO3)2- symmetric 160 

stretching modes are observed, but also the influence of Mg–O bonds effect on the 161 

structure also appeared. It is thus evident that the most intense signals ν1 symmetric 162 

(CO3)2-
 stretching vibration of the Raman spectra of these two carbonate minerals can be 163 

used to distinguish calcite and dolomite. Dolomite shows a typical triplet bands in the 164 

region between 1069 and 1098 cm-1, whereas calcite has a single band at 1088 cm-1. 165 

Furthermore, the band at 715 cm-1 is another characteristic band for calcite. 166 

 167 

500-100 cm-1 region 168 

Fig. 4 shows the Raman spectra of the calcite and dolomite in 500-100 cm-1 region. 169 

Bands in this spectral region for carbonate minerals have not been previously defined and 170 

are often simply described as lattice modes. In the low wavenumber region of the Raman 171 

spectra of the mineral calcite two bands at 278 and 157 cm-1 are observed. These two 172 

lower wavenumbers bands for calcite arise from the external vibrations of the (CO3)2- 173 

group that involve the rotatory and translatory oscillations of those groups [3]. The three 174 

lower wavenumber bands at 299, 258 and 176 cm-1 are observed in the Raman spectrum 175 

of dolomite. The relatively intense band at 299 cm-1 is attributed to the MgO symmetric 176 

stretching vibration. The low intensity band observed at 258 cm-1 is probably due to a 177 

function of the cation substituting for Mg in the dolomite mineral. The band at 176 cm-1 178 

may be attributed to OMgO bending modes. The two bands at 278 and 157 cm-1 are also 179 

observed in the Raman spectrum of dolomite. However, Gunasekaran [1, 16] reported 180 

that the external modes observed in the region 150–190 cm-1 and 285–325 cm-1 are due to 181 

the relative translations between the cation and anionic groups. As the above mentioned, 182 

the site symmetry of the carbonate ion in calcite is D3 and the effective molecular 183 

symmetry is apparently D3h. For dolomite, the site symmetry is C3 and apparent 184 
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molecular symmetry is D3h. For calcite, the orientation of the calcium atoms is doubly 185 

coordinated about the oxygen atoms and lie in a plane oblique to the molecular plane. 186 

Analyses and contrast shows that the difference in site symmetries for dolomite and 187 

calcite results from substitution of Mg atom for one of the two Ca atoms about each 188 

molecular oxygen atom. According to the comparison, the bands observed at 299, 258 189 

and 176 cm-1 are due to the cation substituting for Mg in the dolomite mineral. These 190 

bands only can be observed in Raman spectrum of dolomite. Therefore, these bands can 191 

also be used to recognize/differentiate the minerals calcite and dolomite. 192 

 193 

Conclusions 194 

Raman spectroscopy has been used to characterize and differentiate the two minerals 195 

calcite and dolomite and the bands related to the mineral structure. The (CO3)2- group is 196 

characterized by four prominent Raman bands at 1440, 1088, 715 and 278 cm-1. Strong 197 

Raman modes due to the symmetric stretching vibration of the carbonate groups appear 198 

around 1088 cm-1, while the relatively intense Raman bands near 1400 cm-1 are due to the 199 

asymmetric stretch. The band at around 715 cm-1 is due to the in-plane bending mode. 200 

This mode is doubly degenerate for the undistorted CO3
2−groups. As the carbonate 201 

groups become distorted from regular planar symmetry, this mode splits into two 202 

components. Therefore, Raman spectroscopy provide sensitive tests for structural 203 

distortion of (CO3)2−. 204 

The remarkable differences between the minerals calcite and dolomite are observed 205 

by Raman spectroscopy. Calcite show a typical band observed at 1361 cm-1, and a special 206 

band at 1393 cm-1 for dolomite is observed. Dolomite shows a typical triplet bands in the 207 

region between 1069 and 1098 cm-1, whereas calcite has a single band at 1088 cm-1. 208 

Furthermore, the band at 715 cm-1 is another characteristic band for calcite. The 209 

difference is explained on the basis of the structure variation of the two minerals. Calcite 210 

has a trigonal structure with two molecules per unit cell, and dolomite has a hexagonal 211 

structure. This is more likely to cause the splitting and distorting of the carbonate groups. 212 

The bands observed at 299, 258 and 176 cm-1 are due to the cation substituting for Mg in 213 

the dolomite mineral. 214 

 215 
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Table 1 The minerals composition of the samples 

Sample 
Content of minerals (%) 

Calcite Quartz Dolomite 
Cal 99.3 0.7 0 

Dol 2.5 0.5 97 
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