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Abstract. The results of mineralogical-petrographic researches of relationship of 
iron sulphidic minerals with a magnetite and their influence on the technological 
properties of the KMA ferruginous quartzites are presented. A classification of fer-
ruginous quartzites by sulphidic factor on the basis of textural and structural features 
of the divided mineral components is developed. 
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1 Introduction 

Actual problems of processing iron ores and quartzites remain increasing in the 
metallurgical value of the concentrate, reducing metal losses and costs in the pro-
duction of commercial products.  In increasing the efficiency of processing ferrugi-
nous quartzites a special role belongs to the scientific direction – the technological 
mineralogy. The transition from the descriptive methodology to the methodology 
of genetic analysis allowed giving a scientific interpretation of many problems as-
sociated with the technology of processing ferruginous quartzites. 

2 Methods and approaches 

The object of a research is more than 900 group geological and technological 
samples of the KMA ferruginous quartzites obtained during the operational explo-
ration of deposits, which reflect the most representative texture-structural and min-
eralogical features of the KMA quartzite deposits.  
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The study of the composition and properties of the samples taken was carried out 
using optical microscopy, NMR-spectroscopy, high-temperature magnetometry, 
microprobe analysis and X-ray diffractometry. 

The physical properties are used to determine the microhardness of minerals and 
magnetic properties. The main attention is paid to relationship of iron oxides and 
sulphides and their distribution in the finished product. Researches were carried out 
on samples of polished sections and briquettes. 

3 Results and discussion 

The object of a research is more than 900 group geological and technological 
samples of the KMA ferruginous quartzites obtained during the operational explo-
ration of deposits, which reflect the most representative texture-structural and min-
eralogical features of the KMA quartzite deposits.  

The study of the composition and properties of the samples taken was carried out 
using optical microscopy, NMR-spectroscopy, high-temperature magnetometry, 
microprobe analysis and X-ray diffractometry. 

The physical properties are used to determine the microhardness of minerals and 
magnetic properties. The main attention is paid to relationship of iron oxides and 
sulphides and their distribution in the finished product. Researches were carried out 
on samples of polished sections and briquettes. 

The second category (medium enriched) includes ferruginous quartzites in which 
the structure of relationship between ore minerals and sulphidic minerals is more 
complex, that contributes to the transition to magnetite concentrate of both free 
grains of pyrrhotite and aggregates of magnetite with pyrite (Fig. 1, b). From ferru-
ginous quartzites of the second category (sulfur content 0.18), in the laboratory con-
centrate 0.09% remains (in the industrial one – 0.085 %). 

  

Fig. 1 Pyrite in magnetite aggregates (a) and internal and external intergrowths of pyrite with 
magnetite, poikilitic inclusions of pyrrhotite in magnetite (b), zoom 12.5x8x10. 
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Fig. 2 Substitution structures of magnetite and pyrrhotite by pyrite, zoom 25х8х10 (а), 
12.5х12.5х10 (b). 

The third category of quartzites (hardly enriched) is represented by ferruginous 
quartzites with close structural intergrowths of sulphidic minerals with magnetite, 
poikilitic inclusions of pyrite in magnetite and pyrrhotite and vice versa, and that 
leads to the transition and concentration of sulphides in the process of wet magnetic 
separation into magnetite concentrate (Fig. 2). 

With a total sulfur content in the feedstock of 0.42 – 0.47 in the laboratory mag-
netite concentrate, its size reaches 0.42 – 0.78% (in the industrial one – 0.40 – 
0.74%). 

Thus, optical and mineralogical researches have shown that clogging of magnet-
ite concentrate with sulfur occurs not only because of the ferromagnetic properties 
of the monoclinic pyrrhotite variety, but also due to the inclusion of pyrite grains in 
the magnetite and pyrrhotite grains and vice versa (Table 1). 

Table 1 Grain composition and distribution of chemical components by grain size in 
the magnetite concentrate 

Grain size, mm 
yield of 
grain 
size,% 

Content, % 

Fe S 
aggregate magnetite pyrite pyrrhotine 

+0.071 1.20 29.4 27.53 0.046 0.040 
-0.071+0.045 4.20 55.29 33.37 0.024 0.018 
-0.045+0.032 27.33 66.92 64.88 0.028 0.019 
-0.032+0.020 45.03 71.05 66.55 0.023 0.016 
-0.020 22.24 70.47 62.77 0.021 0.014 
total 100.00 68.57 63.39 0.0242 0.0168 

 
Optical and mineralogical researches of finished products have established that 

sulphidic minerals in concentrate are as in the form of intergrowths and inclusions 
in magnetite grains as in the form of separate grains (Fig.3). 
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Fig. 3 Magnetite concentrate: aggregates of iron sulphides with magnetite and their separate 
grains (a, b) stand out against the background of free magnetite grains, poikilite inclusions in 

magnetite (c), polished briquette, zoom 132. 

4 Conclusions 

Thus, applying the methods of technological mineralogy and based on the stud-
ied nature of the variability of structural transformations, the classification of 
quartzites was developed according to enrichment by the sulphidic factor. 

The next important achievement of technological mineralogy in the context of a 
particular sulphidic problem is the clearly shown migration of non-magnetic iron 
sulphides into magnetite concentrate using magnetic separation processes. 


