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Abstract: Graphite is a versatile, basic industrial mineral, which is also included on the list 
of Critical Raw Materials for the European Union. In our study, three NE-Hungarian graph-
ite-

llected samples are investigated with polarizing petrographic 
and ore microscopy, scanning electron microscopy, X-ray powder diffraction, inductively 
coupled plasma mass spectrometry, inductively coupled plasma atomic emission spectros-
copy and Raman spectroscopy. According to our results, the graphite flakes are located in 
the deformed zones in all cases. Based on the geology of the areas and the obtained results, 
the graphite has organic material origin formed by regional metamorphism in the shear zones. 
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1. INTRODUCTION 

Graphite, a critical raw material for the European Union since 2011 [1-4], plays an 
ever-growing role nowadays. It is mainly used in metal extractive industry, automo-
bile industry, in fireproof materials, lithium-ion batteries and in the high-tech indus-
try [5]. In our study, we focus on three potentially graphite-bearing occurrences in 
NE-Hungary. Previously, several detailed investigations were carried out in Déde-
stapolcsány [6], in Meszes [7] [8]. Our aim is to review the results 
and to supplement them by further measurements (for instance with Raman spec-
troscopy results). 

 
2. MATERIALS AND METHODS 

The first occurrence is Dédestapolcsány (Rágyincs Valley, Uppony Mts.), exposing 
the Tapolcsány Formation (Silurian, deep sea facies) [9]. The collected samples are 
black colored, intensely deformed and schistose fine-grained siliceous black schists 
(Fig. 1)

-late Devonian, basin facies) [9]. The ex-
-6 drill 

hole (from 278-295 m depth) and from surface outcrops along the valley of Helle 
Creek (Fig. 1). 
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Phyllite Formation (Carboniferous, gradually deepening basin facies) [9]. The col-
lected samples are intensely deformed, schistose black phyllites (Fig. 1). 

 

 
Figure 1 

(a) Schematic geological maps [10] of the investigated areas marked with stars the 
sampling points. (b) The surface outcrops and the collected samples 

 
The samples were investigated with polarizing petrographic and ore microscopy 

(OM) (Zeiss Axio.Imager A2.m microscope with Zeiss AxioCam MRc5 camera), 
scanning electron microscopy (SEM-EDX) (JEOL JXA-8600 Superprobe in the case 
of all occurrences, 20 kV, 20 nA, 60 s dwell time for point analysis; ThermoFisher 
Helios G4 PFIB CXe in the case of Meszes, 20 kV, 3.2 nA, 50 s dwell time for point 
analysis), X-ray powder diffraction (XRD) (Bruker D8 Advance, Cu K-alfa radia-
tion, 40 kV, 40 mA, parallel beam geometry with Göbel mirror, Vantec-1 PSD de-

, Raman spectroscopy 
(Thermo Scientific DXR Raman microscope, 532 nm wavelength (green) laser, 2 
mW, 3×15 sec exposure time, ~4 cm-1 spectral resolution), inductively coupled 
plasma mass spectrometry (ICP-MS) and inductively coupled plasma atomic emis-
sion spectroscopy (ICP-AES). ICP-MS and ICP-AES measurements were carried 
out by ALS Romania SRL. 
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3. RESULTS 

3.1. OM and SEM-EDX analysis 

According to our results, all the samples have metamorphic texture. The matrix of 
the samples consists of quartz (Dédestapolcsány), muscovite, calcite and quartz 

(chlorite, muscovite, phengite) and quartz 
(Meszes). In the case of Dédestapolcsány, g
scattered in the matrix and as 100-
in the direction of deformation (Fig. 2). In  samples, the 20-  
graphite flakes (also with low S content) are arranged in intensely deformed, >300 

. From Meszes, the samples contain 50-  intensely de-
formed graphite flakes (without any S content) with kink-band microstructure (Fig. 
2). Based on the optical observations, the graphite flakes appear with undulose ex-
tinction. 
 

 
Figure 2 

Graphite flakes Polariz-
ing microscope, reflected light, 1N (left), BSE image (middle), element map (right) 
 

As accessory minerals, ilmenite, TiO2 (rutile and anatase based on OM) with low 
Nb and V content, monazite-(Ce), xenotime, zircon and Fe-oxide can be detected in 
all occurrences. V-bearing muscovite and APS (aluminum-phosphate-sulphate) min-
erals, for example solid solution series of goyazite-gorceixite appear in Dédesta-
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polcsány samples, while REE-carbonates (solid solution series of bastnäsite-paris-
ite), pyrite, chalcopyrite, fluorapatite, illite, kaolinite and albite can be observed in 
the samples of . In Meszes samples, fluorapatite, albite, illite, kaolinite 
and calcite occur. 
 
3.2. XRD analysis 

By XRD, graphite cannot be detected directly on the diffractogram of any sample 
due to its low quantity, nanocrystalline size, preferred orientation and heavy peak 
overlapping of peak (hkl = 002) between 26°- with quartz peaks (hkl = 101) 
and (hkl = 110). Figure 3 shows an XRD pattern of Dédestapolcsány sample where 
the asymmetric peak between 26°-  is well illustrated. 
 

 
Figure 3 

Diffractogram of sample from Dédestapolcsány showing the asymmetric peak be-
tween 26°-  

 
3.3. ICP-MS and ICP-AES analysis 

By ICP-MS and ICP-AES measurements, bulk rock and trace element analysis are 
possible to get detailed information of the samples (Fig. 4). 
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Figure 4 

Bar charts of the results of bulk rock (a) and trace element (b) analysis by ICP-MS 
and ICP-AES 

 
3.4. Raman spectroscopy 

Raman spectroscopy is a useful method to identify the degree of graphitization of 
carbonaceous material [11]. Regarding the first order bands, the appearance of G 
band, D1 band and D2 band in all occurrences (Fig. 5) refers to a joint presence of 
well-crystallized graphite and graphitised material (which does not reach the cristal-
linity grade of well-ordered graphite). Differences between the studied samples can 
be seen by the different intensity ratios of G band (well-crystallized graphite) and 
D1 band (graphitised material). In the case of Meszes, the total splitting of the S2 
band in the second order Raman spectrum (Fig. 5) indicates a total maturation of 
carbonaceous material into a highly crystalline graphite. 
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Figure 5 

Decomposed Raman spectrum of one measurement point of sample: (a) Dédesta-
 

 
4. DISCUSSION AND CONCLUSIONS 

According to our results, graphite can be found in flaky form in each sample located 
in the direction of deformation. Commonly, the flakes are intensely deformed as 

sulphur content is also 
measured in the flakes by EDX. Beside the low sulphur content, many geochemically 
related elements of graphitization occur in the accessory minerals based on SEM-
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EDX, ICP-MS and ICP-AES measurements. For example, the maximum V content 
is 957 ppm for Dédestapolc -
content in Dédestapolcsány samples (~100 ppm) and 
ppm). These evidences refer to organic material origin of graphite. Based on the ge-
ology of the investigated areas [9], 
low  lower middle grade regional metamorphism affected by the Darnó shear zone. 
In the case of all occurrences, the collected samples are located in the shear zone. 
Due to the metamorphic texture of the samples, the observed marks of shearing de-
formations and the appearance of graphite and critical element-bearing minerals in 
the deformed zones detected by OM and SEM-EDX, the formation of graphite is 
connected to shear zones and regional metamorphism. The elevated Sr content in 

and Meszes samples suggests a depositional environment related to ac-
tive rifting basin, while the APS minerals from Dédestapolcsány may have low tem-
perature hydrothermal origin. As a conclusion, the joint usage of the applied methods 
is a good tool to investigate graphite-bearing rocks: their texture, the mineral assem-
blage, chemical composition, crystallized phases and the degree of graphitization. 
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