
 

Petrological features of selected components of 
the Cergowa sandstones (Outer Carpathians) 
recorded by scanning electron microscopy – 
preliminary study 

Joanna Pszonka1,* 

1Mineral and Energy Economy Research Institute, Polish Academy of Sciences, 31-261 Krakow, 

Poland 

Abstract. The scanning electron microscope analysis of the Cergowa 

sandstones brings new data on their petrological features and chemical 

composition. Previous work in standard petrographic examination, e.g. 

polarising (PL) or cathodoluminescence (CL) microscopy, displayed 

limited information on grain surface topography and only assumptions to 

their geochemistry. Both identification and characterisation of minerals are 

fundamental in the progress of mining and minerals processing systems. 

Detrital grains of the Cergowa sandstones are bound by calcite and 

dolomitic cement and commonly corroded by diagenetic fluids, however, 

in varying degrees, which is illustrated here by feldspar, quartz and 

dolomite minerals. Dissolution processes of marginal parts of these 

mineral grains resulted in corrosion, which increased the contact surface 

between the grains and the cement. The difference in resistance to these 

processes was observed not only among distinct groups of minerals, but 

also within the group of feldspars: between K–feldspars and minerals of 

plagioclase. That combination resulted in exceptionally strong cementation 

of the Cergowa sandstones, which is expressed by their high hardness and 

resistance to abrasion, freezing, and thawing. Inherent parameters of 

sandstones are characterised by their petrographical properties. 

1 Introduction 

Previous studies about the Cergowa sandstones, conducted mainly by using polarising (PL) 

or cathodoluminescence (CL) microscopy [1–4], clearly demonstrate advantages of 

complementary approaches to its petrographic properties. As an example, 

cathodoluminescence microscopy proved to be a very usable and even indispensable 

method in studying the Cergowa sandstones and thereby often reveals features not 

distinguished by other techniques [3, 4]. Nevertheless, CL microscopy also demonstrates 

difficulties in obtaining some data, e.g. the geochemical composition of single detrital 

grains and surrounding cement [4]. Used techniques in the Cergowa sandstones petrology 

did not enable more detailed description of a chemical composition of rock components, 
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thereby allowed for assumptive identification of minerals. The combination of CL imaging 

with CL spectroscopy proved even some difficulties in the study material because of too 

small grains size. Furthermore, luminescence of carbonates, which constitute a large 

proportion of these sandstones, is brighter than other components such as silicate minerals, 

which in such conditions show little or no luminescence. 

Benefits and weaknesses of used methods have prompted research with supplementary 

techniques: “Further work, including geochemical investigations (…) should be conducted 

in the future” [3]. Scanning electron microscope (SEM) was chosen to further investigation, 

because provides higher magnifications, better detection and more stable operating 

conditions than conventional techniques. The scanning electron microscopy enables to 

obtain three–dimensional images of individual sediments grains of the Cergowa sandstones 

and their chemical composition. Such results significantly complete foregoing research of 

the Cergowa sandstones petrology [1, 2, 4]. 

2 Material and methods 

The Cergowa sandstones (Lower Oligocene) constitute the main part of the lithosome 

Cergowa Beds and are situated within the Dukla and Fore–Dukla tectonic unit of the 

Eastern Outer Carpathians [5–7]. The Cergowa sandstones represent sediments deposited 

by a variety of mass gravity flows as submarine fan or fans [8–11] and were classified as 

greywackes or lithic wackes and arenites [1, 2]. 

Samples of the Cergowa sandstones were collected from outcrops at five locations: four 

from the Dukla tectonic unit (Iwla, Lipowica, Stasiana and Wernejówka) and one from the 

Fore–Dukla tectonic unit (Rudawka Rymanowska). Hand specimens of sandstones for SEM 

examination were crushing to give pieces of suitable size (a few millimetres) for mounting. 

Each sample was glued to the stub (1 cm in diameter) and coated with carbon to provide 

conduction. In total, 10 samples were analysed. Chemical composition of minerals was 

detected by the energy dispersive spectroscopy (EDS), using standard analytical algorithms, 

where the element concentrations are normalized to 100%. 

Investigation was performed at the SEM–Laboratory in the Geological Institute at the 

TU Bergakademie Freiberg with the usage of the Jeol JSM 7001F scanning electron 

microscope. The imaging was carried out in the Back Scattered Electron (BSE) Bruker, 

Esprit 1.9.3. with following parameters: accelerating voltage of 15 keV, electron beam 

current of 10 A, and working distance 12–14 mm. 

3 Results 

3.1 Feldspars 

SEM images of feldspars display difference between a grain surface morphology of K–

feldspars and plagioclases. The grain surface topography of K–feldspars shows more 

intense etching and is generally rougher than that of plagioclases (Fig. 1, top). Emission 

bands, under the SEM image, enable to identify and distinguish both mentioned feldspars 

(Fig. 1, middle and bottom). 
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Fig. 1. Top – SEM image of feldspar minerals: blue arrow points to K–feldspar, red arrows point to 

minerals of plagioclase solid solution. Middle – Emission band displays chemical composition of the 

K–feldspar recorded in the blue spot. Bottom – Emission band displays chemical composition of the 

plagioclase recorded in the red spot. 

3.2 Quartz 

Quartz belongs to the most abundant group of minerals in the Cergowa sandstones. 

However, due to short–lived luminescence colours, brownish colour or no luminescence of 

quartz from tectonically active region, it was often overlooked in cathodoluminescence 

studies. Surface relief of quartz in SEM images, is marked by few trails of dissolution (Fig. 

2, top and 3). Even some irregularly etched quartz grains indicate their high resistance 

and/or low intensity for weathering and diagenetic processes. Emission band in the figure 2 

(bottom) distinguishes quartz among remaining components of the sandstone. 
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Fig. 2. Top – SEM image of quartz pointed by red arrows. Bottom – Emission band displays chemical 

composition of quartz recorded in the red spot. 
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Fig. 3. SEM image of quartz pointed by red arrows and carbonate cement pointed by blue arrows, 

surrounding quartz grains. 

3.1 Dolomites 

Dolomites in the Cergowa sandstones occur as lithic grains and cement. 

Cathodoluminescence imaging allowed recognising polycrystalline detrital grains of 

dolostone as well as monocrystals occurring as detrital components and cement [4]. 

However, using CL imaging without spectroscopy it was only possible to estimate the 

chemical composition of the Cergowa sandstones components. 

The SEM visualisation has revealed finely, rhomb–shaped, densely packed, euhedral to 

subeuhedral dolomite crystals which constitute cement in the Cergowa sandstones (Fig. 4 

and 5), and random, solitary, larger dolomite grains, which are identifiable by rhomboidal 

shape and etched surface morphology and represent detrital components (Fig. 4 and 6). 

Moreover, the relationship between calcite and dolomite cement is here clearly seen (Fig. 

5), whilst in standard techniques it is obliterated [4]. The chemical composition of detrital 

and authigenic dolomite is illustrated by emission bands in figure 4 (bottom) and 5 

(bottom). 
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Fig. 4. Top – SEM image of randomly distributed detrital grain of dolomite pointed by green arrows 

and finely, densely packed, euhedral to subeuhedral dolomitic cement pointed by red arrows. Bottom 

– Emission band displays chemical composition of detrital dolomite recorded in the red spot. 
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Fig. 5. Top – SEM image of finely, densely packed, euhedral to subeuhedral dolomitic cement 

pointed by red arrows, surrounded by calcite cement pointed by blue arrows. Bottom – Emission band 

displays chemical composition of dolomitic cement recorded in the red spot. 
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Fig. 6. SEM image of randomly distributed detrital grains of dolomite (pointed by red arrows) with 

partly abraded surface morphology. 

 

4 Discussion 

The etching, embayment and partial replacement of the Cergowa sandstones grains during 

carbonate precipitation are more and more imaged and known, simultaneously reflect 

conditions in which dissolution was produced. Acidic pore waters had destructive effect on 

all minerals of the framework, with simultaneous precipitation of carbonate material [1-4]. 

Growth of calcite in place of pre–existing detrital grains is very clearly visible in SEM 

images of the Cergowa sandstones. 

The acidic environment was favourable for dissolution and destruction of detrital grains 

but with varying intensity. SEM results in this publication visualize this diversity, which is 

displayed not only among different groups of minerals such as feldspar, quartz and 

dolomite, but even in the field of feldspars. Obtaining such visualisation was indistinct by 

using polarizing (PL) and cathodoluminescence (CL) microscopes. Thereby, the CL 

imaging of feldspar minerals replacement by carbonate cement [3, 10] presumably relates 

to K–feldspars and not to the whole group of feldspars as reported in the cited publications. 

Besides low and moderate stage in etching of quartz and dolomite verify results of the 

previous works in standard petrographic techniques in regard to low intensity of dissolution 

[1]. 

Despite its modest intensity, this process was very important for the sediment 

lithification. It resulted in increased surface of the corroded grains, and therefore stronger 

cementation of the components, which is manifested by high hardness and resistance of the 

Cergowa sandstones [12, 13]. 

5 Conclusions 

1. The SEM analyses enabled to document new petrological features of the Cergowa 

sandstones, which the PL and CL observations do not reveal, such as: 

• chemical composition of components, 

• difference between a surface relief of K–feldspars and plagioclases, 

• sporadically and irregularly etched quartz grains indicating their high resistance, 

• visualisation of variety in shapes and size of dolomite. 

2. Dissolution was important for the sediment lithification by increasing the surface of 

contact between corroded grains and carbonate cement; this resulted in very strong 

cementation of the Cergowa sandstones. 

3. This study shows that the SEM analysis and the standard petrographic techniques, as PL 

and CL microscopy, should be considered as complementary techniques. 
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