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Garnets from the Sakar Region, SE Bulgaria. The  relationship between chemical 

composition and physical properties with emphasis on use in the abrasive industry. 

Presentation. 

 

Nikoleta Tzankova 

 

The Sakar Mountain is situated in South-East Bulgaria. The Sakar unit is a part of the 

Strandza-Sakar zone in the Srednogorie morphotectonic unit. The main magmatic body in the 

studied district is the Sakar granite pluton, surrounded by a frame of metamorphic rocks.  

     A large amount of garnet porphyroblasts is found in two-mica schists, which are 

outcroping northeast and east from the village of Hlyabovo along the Yavuz Dere River.  

 

 
 

Fig. 1. Macrophotos of the investigated garnets and of the garnet-bearing rock with 

huge garnet porphyroblasts. 

 

Garnet is ground in a variety of sizes to be used as an abrasive. Garnet sandpaper is the 

original application of this mineral. It is also used in a number of similar products, including 

sanding belts, discs and strips. Today, the vast majority of garnet is used as an abrasive 

blasting material, for water filtration, for abrasive powders and in a process called water jet 

cutting. Nearly all of the waterjets use garnet because it is the most effective product. Garnet 

is hard, tough and relatively inexpensive, however, in some cases aluminum oxide and other 

man-made materials are used. Aluminum oxide is harder than the garnet sand, but it is also 

more expensive and quickly wears out the mixing tube.  
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Fig. 2. Garnet water jet cutting 

 

 Australia, China and India are the major exporters of industrial garnet worldwide. 

Producers of industrial garnet in Europe are: Czech Republic, Ireland, Italy, Norway, Poland 

and Russia. In SE Europe only Turkey is a producer, but the country does not yet export much 

of this material. There is no active company in the moment in Bulgaria for research and 

extraction of the abrasive garnets.  

The aim of this research is to provide data about quantitative relationship between 

crystal chemical features and physical properties of the studied garnets for its utilization as a 

potential raw material for the abrasive industry.  

The most important physical properties of materials that qualify them for use as 

abrasives are:  

• hardness 

• density  

• toughness (or brittleness) 

• grain shape and size 

• character of fracture or cleavage 

• purity or uniformity 

For making bonded abrasive products such as grinding wheels, additional important 

factors are stability under high heat and bonding characteristics of grain surfaces. The 

economic factors of cost and availability are always important.  

 

Table 1. Most important physical characteristics for garnet abrasive grains and 

powders 

Feature Comments 

General Description - Combination of almandite and pyrope 

- Homogeneous mineral 

- No free chemicals 

- Iron and aluminum ions are partially replaceable by 

calcium, magnesium, and manganese  

Hardness Between 7 and 8 on Mohs scale 

Strength Friable to tough 

Particle shape Sharp, angular, irregular 

Cleavage Pronounced laminations, irregular cleavage planes 

Specific gravity 3.9 g/cm3 to 4.1 g/cm3 

Mean refractive index 1.83 

Melting Point 1,315 ° C (2,300 ° F) 
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Magnetism Slightly magnetic (volume susceptibility = 

9.000375) 

Electrostatic properties - Mineral conductivity: 18,000 volts 

- Non-reversible 

Moisture absorption Non-hygroscopic, inert 

Dispersion Self-dispersing 

Harmful free silica 

content 

None (silicosis free) 

 

 

Experimental methods. 

1. Analyses of the heavy concentrate from the garnet-bearing rocks (amount of 10 kg). 

The operation include: 

• mechanical crushing  

• screening  

• magnetic and electromagnetic separation  

• separation with heavy solutions (CHBr3 and CH2I2)  

 

Mineralogical analyses are made on the minimum of 500 grains under microscope in 

immersion eugenol with refractive index 1,541. 

2. Powder X-ray diffraction (XRD) analyses of the samples, performed on DRON 3M 

diffractometer with a horizontal Bragg-Brentano goniometer, using Fe-filtered Co-Kα 

radiation (40 kV, 28 mA) in the Central Laboratory of Mineralogy and Crystallography 

“Acad. Ivan Kostov”of the Bulgarian Academy of Sciences, Sofia.  

        The unit cell parameter was determined using Rietveld based software – the 

program Fullprof. The exact measured unit cell parameter of garnets was used for cell volume 

and density calculations. 

3. The chemical compositions of the same samples were studied by Inductively 

Coupled Plasma with Atom Emission Spectrometry (ICP-AES) in the laboratory of 

Geochemistry in the University of Mining and Geology “St. Ivan Rilski”. 

4. The density (D) was calculated as a function of molecular weight, number of 

formula units and unit cell volume of garnets e.g. D = ZM/NV, where N is the Avogadro 

number (1/N=1,6502) and V = a3. 

     The microhardness was examined as a function of the unit cell parameter and mol 

percentages of the end members.          

 

Results. 

The quantitative presence of garnet in the host rocks is estimated on 25 wt%. The 

mineral assemblage is: garnet, biotite, white mica, chlorite, apatite, zircon, rutile, staurolite, 

kyanite, monazite, tourmaline, titanite, anatase, quartz, plagioclase, ilmenite and some pyrite, 

chalcopyrite and copper. 

The garnets are red-brownish coloured with size up to 50 mm. They are very well 

crystallographically shaped. The main crystallographic forms are rhombic dodecahedrons or 

combinations with tetragontrioctahedrons. The smaller porphyroblasts are almost free of 

inclusions. The bigger ones contain some white mica and ore mineral, but the presence of 

quartz inclusions in them is significant.  

The garnets are almandine rich with a high content of the pyrope component – Alm 

71,60 mol%, Grs 8,60 mol%, Prp 13,97 mol% and Sps 5,83 mol%. On the basis of ICP-AES 

analysis the following admixtures (in ppm) are detected in the garnet samples: 
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The value of the unit cell parameter of the garnets is 11.558 (3) Å.  

Their density was calculated as 4.06 (g/cm3).  

The refractive index n=1.785, was estimated using diagram after Winchell, showing 

the relationship between refractive index, cell parameter and density of the garnets. 

It is known that the microharness of almandine garnets varies from 1000 to 1300 

kg/mm2, decreasing as the values of the unit cell parameter and density increase. The amount 

of the andradite component has a major effect and its lack in the garnets composition defines 

an appropriate microhardness for their utilization for the abrasive industry. 

 

Conclusions. 
At this stage of research the study of the relationship between the chemical 

composition and the physical properties of the garnets from the region of the village of 

Hlyabovo, show: 

The physical and chemical characteristics (chemical composition, unit cell parameter, 

density, hardness) of the investigated garnets are suitable for their utilization for the abrasive 

industry.  

The significant presence of the quartz inclusions in garnets with a bigger size is not 

recommended during its utilization as a raw material. Further investigations in this direction 

are necessary to define harmfull free silica content in the studied garnets.  

 

 

 

 

 

 

 

 

 

 

 

 


