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Preface 

 

 

International Conference of Young Geologists is annually organized mainly for PhD 

students and young scientists in all the fields of geology and geosciences, focused on but not 

limited to general geology, sedimentology, structural geology, geomorphology, mineralogy, 

geochemistry, economic geology, petrology, palaeontology, geophysics, hydrogeology, 

engineering geology, geoinformatics, geoengineering, and environmental sciences.  

Considering the thematic diversity and international participation, this conference 

brings a unique opportunity not only to present scientific results but also to view the direction 

in each discipline from various scientific workplaces as well as the availability and use  

of different methodologies. It brings the possibility of future interdisciplinary  

and international collaboration of participants and broadens the scientific focus and results  

of geologists and their colleagues from related disciplines.  

The conference with its original title “The Scientific Conference of Students  

and Doctoral Students” was organized in Herľany for the first five years. Since 2005  
the conference venue has been rotating among Košice region – Herľany, Bratislava region – 

Svätý Jur and Southern Poland region and three faculties: Faculty of Mining, Ecology, 

Process Control and Geotechnologies, Technical University of Košice (Slovakia), Faculty  

of Geology, Geophysics and Environmental Protection, AGH University of Krakow (Poland) 

and Faculty of Natural Sciences, Comenius University Bratislava (Slovakia), provided a 

scientific guarantee of the conference every year.  

The XXIII International Conference of Young Geologists - ICYG 2024 united  

for the first time the effort of not three but four faculties coming from three countries 

(Slovakia, Czech Republic and Poland) with the new member of organizing faculties: Faculty 

of Science, Charles University, Prague (Czechia). The ICYG 2024 conference was held in the 

TUKE’s Education Training Facility in Herľany (Slovakia) on April 18 – 20, 2024. Prof. 

RNDr. Pavel Uher, CSc., dr hab. inż. Grzegorz Rzepa, prof. Shah Wali Faryad, CSc. and doc. 
Mgr. Julián Kondela, PhD. took over the scientific guarantee of the conference.  

This year 31 participants of various nationalities represented universities and other 

institutions from 6 countries (Slovakia, Poland, Czech Republic, Hungary, Finland, Norway) 

attended the conference and presented 21 papers in two days. All student presentations were 

evaluated as is the custom since the year 2010. Scientific jury consisting of prof. Shah Wali 

Faryad, CSc., dr inż.  Karolina Rybka and prof. RNDr. Pavel Uher, CSc. awarded the 

Geological Club’s Rudolf Mock Award for the best student presentation to Mgr. Pavol 
Myšľan from the Earth Science Institute of the Slovak Academy of Sciences (Slovakia).  

The third conference day was traditionally dedicated to a field trip which was focused 

on “SiO2 masses of the Eastern Slovakian neovulcanites” guided by Mgr. Sebastián Hreus, 
Ph.D. and Maroš Tokarčík from VSK MINERAL, s.r.o. 
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Participants of the field trip had the opportunity to visit interesting localities like: 

Herlianske sedlo with brick-red opals at contact zone of the Strechov stratovolcano with the 

Rankovské skaly and currently active Slanec quarry with chalcedony occurrences. The 

excursion was finished by wine tasting in the tuff wine cellary of SOŠ vinársko – ovocinárska 
in Viničky. 

The XXIV ICYG conference will be held in the Eastern Sudetes, Poland during the 

spring of 2025. As the organizers of this unique conference, we are once again looking 

forward to your geological contributions, the new developments in science and research fields 

that you are conducting your research in, and to the friendly atmosphere that you always bring 

to our conference. 
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Using bivalves to infer Late Badenian seawater temperatures  

in Vienna Basin shallow waters at Borský Mikuláš – Vineyards locality 

 
MÁRIUS BIELICH1, ADAM TOMAŠOVÝCH2, RASTISLAV MILOVSKÝ2  

and NATÁLIA HUDÁČKOVÁ1 

 

 
1 – Comenius University, Faculty of Natural Sciences, Department of Geology and Paleontology, Ilkovičova 6,           
842 15 Bratislava, Slovak Republic; e-mail: bielich3@uniba.sk 

2 – Earth Science Institute of Slovak Academy of Sciences, Ďumbierska 1, 974 11 Banská Bystrica, Slovak 
Republic 

 

 

The primary objective of this study was to investigate and interpret the thermal 

conditions of the shallow-water marine environments within the northern part of Vienna 

Basin during the late Badenian. This was achieved through the analysis of bivalves, which 

served as proxies for inferring seawater temperature. By leveraging these fossil indicators, we 

aimed to gain insights into the climatic and oceanographic conditions prevalent during this 

period in the Central Paratethys. The research focused on geochemical  

and sclerochronological analyses of fossils from Upper Badenian to Sarmatian sediments 

obtained from field research in the Vienna Basin, specifically from the Borský Mikuláš-

Vinohrádky locality in the Slovak part of the basin. This locality is located southwest  
of the town of Borský Mikuláš towards the village of Lakšárska Nová Ves. Geologically, this 
locality contains Upper Badenian sediments of the Studienka Formation (Vass, 2002).  

The studied sediment profile consists of alternating layers of sand and clay, with occasional 

occurrences of fine to coarse gravel. The aragonitic shells of bivalves (Glycymeris deshayesi 

(Mayer, 1868)) were used for geochemical analysis based on oxygen and carbon isotopes 

(δ18O, δ13C). Subsequently, we calculated the approximate paleotemperature of this part  

of the Paratethys epicontinental shallow sea environment. Methods used in preparation for 

geochemical analyses were in accordance with sclerochronology (Schöne & Surge, 2012). 
Bivalve shells were embedded into an epoxy resin which was cut in half longitudinally after 

hardening. The half cut was then polished and 120 samples of aragonite dust were collected  

of the shell. One sample had approximately 40 to 100 mg. Drilling and milling was performed 

on a Micromill (New Wave) system with 300 μm milling bit. Following this, the sample 

underwent mass spectrometry analysis utilizing a Thermo Finnigan MAT 253 instrument  

in conjunction with a Kiel IV semi-automatic apparatus designed for carbonate analysis. 

Subsequent calibration of the obtained oxygen and carbon isotopic values was conducted 

against the reference material NBS18. Measurement discrepancies fell within the range  

of 0.02‰ for carbon and 0.04‰ for oxygen. For the calculation of paleotemperature from the 
resulting calibrated values of spectrometry, the equation modified by Dettman et al. (1999) 

for the calculation of temperature from aragonite was utilized.  

Results revealed isotopic values of 111 samples from total of 120. Oxygen isotopic 

values (δ18O) ranged from -1.96 to 2.09‰, average value was 0.11‰. Carbon isotopic values 
(δ13C) ranged from 0.48 to 2.51‰, average value was 1.23‰. In interpreting the obtained sea 
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paleotemperature values (table 1.), we opted for two δ18Ow values representing the isotopic 

composition of water, ranging from 0 to 1‰, as documented by Harzhauser & Piller (2007)  
in the Upper Badenian of the Central Paratethys region.  

 

 

Table 1. The summarization of calculated paleotemperatures. WS – warm season, CS – cold season. 

 

Glycymeris deshayesi proved to be a suitable candidate for reconstructing 

paleotemperature environments both during the Miocene era and in contemporary settings, 

utilizing similar surviving species within the Glycymerididae family. This marine bivalve 

species inhabited shallow coastal areas, offering an ideal environment for studying  

the interplay between sea and land climates. With its appropriately sized and well-preserved 

aragonite shell, we could employ sclerochronological methods and collect samples  

for geochemical isotope analysis. The species long lifespan allowed us to observe seasonal 

temperature variations over its fifteen-year lifespan, enabling the determination of average 

temperatures of warm and cold seasons in the shallow inland sea of the Central Paratethys, 

situated at the northeastern edge of the Vienna Basin. Our results comply with study  

of Brzobohatý et al. (2022) which shows that Borský Mikuláš-Vinohrádky site was shallow 
near shore environment about 30 to 50 meters deep and subtropic, based on occurrence of fish 

otoliths and foraminifera.  

 
Acknowledgement: This research was supported by the Slovak Research and Development Agency under 

contracts No. APVV-22-0523, APVV-20-0079, VEGA2/0169/19, VEGA 2/0106/23, KEGA 051UK-4/2023.  
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 °C (𝛅 18Ow= 1) °C (𝛅 18Ow= 0) 

Max 32.2 27.9 

Min 14.6 10.3 

Average 23.2 18.9 

Average WS 26.3 22 

Average CS 20.1 15.7 

Median 23.5 19.1 

Max – Min 17.6 17.6 
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New insights into the Late Turonian of Bohemian Cretaceous basin: 

Sedimentary environment and possible Milankovitch-cycles-driven  

sea-level changes 

 
JAN BOHADLO1,2 

 

 
1 – Czech Geological Survey; Klárov 131/3 Malá Strana, 118 00, Prague 1, Czech Republic; e-mail: 

jan.bohadlo@geology.cz 

2 – Institute of Geology and Palaeontology, Faculty of Science, Charles University, Albertov 6, 12843, Prague 

2, Czech Republic 

 

 

The Late Turonian period (Cretaceous, c. 91.3-89.75 Ma) is renowned for its role  

in cooling the supergreenhouse environment (e.g., Voigt and Wiese, 2002, Jarvis et el., 2015) 

and experiencing frequent transgressive-regressive episodes associated with climatically 

driven low-magnitude eustatic sea-level changes (e.g. Schulz and Schäfer-Neth, 1997; Miller 

et al., 2005; Uličný et al., 2014, Olde et al., 2015 and Plint et al., 2022). The formation of new 

basins in central Europe, including the Bohemian Cretaceous Basin, was facilitated  

by compressional stresses and the reactivation of inherited Variscan basement faults (Voigt et 

al. 2021). During the Turonian, the filling of the basin was characterised by repetitive 

progradation of deltaic bodies and coeval shorelines (Uličný 2001, Uličný et al., 2009). 
Recently, pronounced cyclicity in siliciclastic input was described in hemipelagic strata  

in the central part of the basin and interpreted as cycles of precession (18-23 kyr) modulated  

by c. 100 kyr eccentricity (Chroustová et al., 2021).  
Within this context, the study aims to elucidate sedimentological processes  

and stratigraphy in the Bohemian Cretaceous Basin in the Late Turonian, particularly 

focusing on the proximal area (covered by the Jizera Formation) and distal areas of the Jizera 

region. Through detailed proximal-distal correlation of thin (first metres) stratigraphic units 

between outcrops, borehole sections, and well logs, the study (1) extended the depositional 

system of Uličný (2001), when described regressive dune fields located at the shelf  
at the proximal areas and described the facies changes with rising distance from the sediment 

source. The interpreted overall regressive nature and filling of the accommodation space 

created a very shallow environment in the proximal areas with intense reworking and 

sediment bypass into distal areas. (2) The study tracked the Milankovitch-cycles-driven 

siliciclastic cyclicity in proximal areas of the Jizera region, where main transgressions are 

connected to eccentricity-modulated (100 kyr) precession-driven sea-level changes. (3) The 

study described tectonic activity at the Lužice thrust and at the Labe fault zone, which is 
probably a continuation of a tectonic event located at the Ohře platform (Laurin and Uličný, 
2004). This work involved methods from sequence stratigraphy, (4) enabling the update  

of the genetic sequence stratigraphy of the Jizera Formation (subdivision of the TUR 5 unit 

sensu Uličný et al., 2009). 
 

mailto:jan.bohadlo@geology.cz
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Ratios of trace elements as a geochemical tool to differentiate corundum of 

magmatic and metamorphic origin in the Bohemian Massif 

 
JAN BUBAL1,2, RADEK ŠKODA1 and JAN CEMPÍREK1 
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Corundum is an accessory mineral that is rarely present in various types of magmatic, 

metamorphosed, and metasomatic rocks; it is also sometimes found in alluvial deposits, where 

it is often mined for use in the jewellery industry. Although this type of corundum deposit is 

the most economically important, the origin of these deposits is often poorly understood 

(Simonet et al. 2004; Giuliani et al. 2007; Peucat et al. 2007; Uher et al. 2012). Many known 

sapphire deposits are closely associated with the occurrence of alkaline basalts, which are 

often brought to the surface in xenoliths or as xenocrysts; corundum has no direct genetic 

relationship with alkaline basalt and may be of metamorphic, magmatic, or metasomatic 

origin (Levinson and Cook 1994; Sutherland et al. 2009; Giuliani et al. 2014). 

In the Bohemian Massif there are three localities with the occurrence of the gem 

corundum - Malá Jizerská louka, Podsedice and Vestřev. Although older works proved  
the polygenic origin of minerals at the Malá Jizerská louka and Vestřev localities,  
the question of the origin of corundum (sapphire), ilmenite, minerals of the spinel group  

and the greater part of colored zircons still remains unsolved. These minerals are 

characterized by a high degree of rounding and have not yet been found in intergrowths with 

other minerals or rocks (Kotrlý et al. 1997). The mineral association of both localities is 
similar, it occurs as clastic heavy mineral fraction in alluvial sediments derived from the 

Cenozoic volcanic rocks of the České středohoří Mts. Despite the absence of direct evidence, 

most authors suggest the origin of the gem mineral association at the Malá Jizerská louka  
and Vestřev in still undetected basaltoid volcanics and the xenoliths brought up by them, as is 
assumed in the České středohoří Mts. The outcrops of these rocks may have been largely 

denuded or are covered by younger sediments (Kotrlý et al. 1997; Ulrych and Langrová 1997; 
Hanus et al. 2013). 

Sapphires from the Malá Jizerská louka, Vestřev and Podsedice localities consist  
of blue, blue-green, yellow green, often unevenly colored rounded boulders and spindle-

shaped grains. Their optical properties can be compared to BGY sapphires, which are 

associated with the volcanism of alkaline basalts. In Podsedice, light purple, blue violet to 

pink corundums also appear. Some of them show higher contents of Cr and V, as well as 

intense luminescence in UV radiation, so they can be called as rubies. 

Corundum consists of more than 98 wt.% Al2O3 but it also contains trace elements (Ga, 

Mg, Fe, Ti, Cr and V) that are incorporated into its trigonal structure during crystallization. 

Recent advances in microanalytical methods offer the possibility to systematically study trace 
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element variations in corundum from different geotectonic settings, which can be used  

to determine the origin of the corundum and identify the deposit type (Peucat et al. 2007; 

Uher et al. 2012). 

The blue, blue-green and green-yellow sapphires are characterized by higher average 

values of Fe (6052 ppm) and Ga (237 ppm), but low concentrations of Mg (19 ppm), Cr (15 

ppm) and V (24 ppm), consistent with corundum of magmatic origin. Conversely, the light 

purple, pink to red rubies, which occur with sapphires only at the Podsedice locality, are 

characterized by higher average concentrations of Mg (48 ppm), Cr (972 ppm) and V (341 

ppm) but low concentrations of Fe (1627 ppm) and Ga (110 ppm), indicating their likely 

metamorphic or metasomatic origin. While the blue, blue-green and green-yellow sapphires 

overlap in the discrimination diagrams with the field defined by blue sapphires of magmatic 

origin from other localities, the light purple, pink to red rubies fall within the field defined  

by pastel blue and pink sapphires to red rubies of metamorphic or metasomatic origin (Fig. 

1a. b). 

 
 

Figure 1. Discrimination diagrams: a) Fe/Mg vs. Fetot; b) Fe/Ti vs. Cr/Ga. Sapphires from all three 

localities fall within the field defined for magmatic sapphires, while common corundums and rubies 

from Podsedice plot within the field for metamorphic sapphires (modified after Peucat et al., 2007  

and Uher et al., 2012). 

 

The following mineral inclusions were found in sapphires from the studied localities: 

zircon, spinels, columbite-(Fe), ilmenite, rutile, pyrrhotite, calcite, plagioclase, ixiolite, 

fluorapatite, and in one case also sapphirine. With the exception of sapphirine, all inclusions 

are characteristic of sapphires of magmatic origin (McGee 2005; Baldwin et al. 2017). 

Sapphirine inclusions were found in a sapphire from Podsedice. Although sapphirine is  

a typical ultrahigh-temperature metamorphic mineral, it has rarely been described in mantle 

xenoliths from Cenozoic-aged basalts in northern China (Xun Su et al. 2012). In sapphire 

from Podsedice, sapphirine inclusions are associated with spinel and rutile inclusions. This 

may indicate a possible interaction of the melt with the surrounding peridotite. 

Some of the sapphire grains from Vestřev contain spinel rims, which is characteristic 
for sapphires that were brought to the surface as xenocrysts by alkaline basalts. 
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Gemological properties, geochemistry of trace elements and mineral inclusions show 

that gem sapphires from Malá Jizerská louka, Vestřev and Podsedice are of magmatic origin 
and belong to the so-called BGY sapphires, which are closely related to the Cenozoic 

volcanism of alkaline basalts. The sapphires did not crystallize directly from the basaltic 

magma but were transported by it to the surface as xenocrysts. This is noticeable  

on the surface of the sapphire grains, which bear signs of magmatic corrosion. The similar 

concentration of trace elements in sapphires from the Bohemian Massif to sapphires  

from syenites may indicate that the sapphires from the Bohemian Massif crystallized from 

syenite or another alkaline melt. 
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During an archaeological expedition to the Sultanate of Oman (research taking place  

in 2020, under the title: 2nd TSMO season - field campaign 2B under director Ing. Roman 

Garba Ph.D.), several samples of slag and surrounding rocks were taken from a former copper 

deposit at the site of al-Ṣalaylī. These samples are the subject of research, which deals  
with the overall chemical and mineralogical composition of ancient copper metallurgical slags 

from the al-Ṣalaylī site in Oman (Southeast Arabia). The age of slags was archaeologically 

estimated between the Late Bronze Age (1500-1300 BCE), Early Iron Age (1300-300 BCE), 

but mainly in the Middle Islamic period (630-1507 CE). Pyrometallurgical slags are  

by-products, waste materials of anthropogenic origin resulting from the metallurgical copper 

smelting process (Piatak and Ettler, 2021). Slags were indeed taken as waste and not  

as a valuable source of information. 

The aim of this research was first to conduct a thorough investigation of the current 

state of knowledge of metallurgy in the north-eastern region of the Sultanate of Oman  

and then to characterise the slag collected by a combination of analyses such as optical  

and scanning electron microscopy, X-ray diffraction analysis and electron microanalysis  

in order to determine the composition and describe the mineral phases in the slag  

and to determine the conditions of the ancient metallurgical process. Slags are considered 

carriers of “DNA” of metallurgical processes in which they were formed. Thanks to their 
mineralogical and chemical composition, it is possible to reconstruct the raw materials,  

the conditions of operation of the smelting furnaces in which they were formed,  

and the efficiency of metal extraction (Piatak and Ettler, 2021). This information are 

especially useful for archaeologists and archaeometallurgists investigating prehistoric metal 

production areas (Charlton et al., 2010; Chirikure and Bandama, 2014; Piatak and Ettler, 

2021). 

The literature is often mostly devoted to slag collected from the surface, which are 

much more frequently studied than those obtained from excavated archaeological probes. 

Fortunately, nowadays slag material is approached with greater precision compared  
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to the past and more geochemical analyses, simply belonging not only to metallurgical 

artefacts, enter the frequently purely archaeological description of the samples. Nevertheless, 

this approach and insistence is missing from some areas. It is indeed important to use a more 

comprehensive approach of analytical methods to connect the overall context. This in the 

chemical composition of the slags may reflect the social situation of ancient civilisations and 

help to reveal the background of metallurgical processing behind slags creation. It is even 

possible to find out where else the ore could have been used. Omani slags usually partly 

reflect origin of the ore from which they were made (Pracejus and Scharf, 2020).  

 

 
 

Figure 1. Micro-photos of slag thin sections (IIN – plain polarised light; XN – crossed polarised 

light); A (XN): two interlocking portions of slag melts with euhedral, partly skeletal olivine crystals 

(Ol), visible gas vesicles in a glass matrix; B (IIN): euhedral to subhedral prismatic olivine crystals 

surrounded by skeletal to dendritic green to brown clinopyroxene (Px); C (IIN): euhedral to subhedral 

olivine and elongated  clinopyroxene crystals, together with vesicles; D (IIN): metallic slag composed 

of pure copper (Cu), iron oxides (Fe-ox.), chalcocite (Cc), anorthite (An), diopside (Di), chalcopyrite 

(Ccp). 

 

Preliminary research at the site of al-Ṣalaylī has shown advanced metallurgical 
processes used during time for the production of numerous Islamic artefacts known today. 

The studied slags are mainly composed of Ca-Fe-Mg silicates, such as olivine  

and clinopyroxene, glass and, to a lesser extent, spinel subgroup oxides (Fig. 1). Small 

amount of protolith minerals (lizardite, talc) is sometimes preserved. In ingot, sulphides are 

mainly represented by chalcocite and covelline. Some of the slags are also enriched by pure 

copper in common assemblage with Fe-Cu sulphides and a number of alteration products  
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(Fe-oxides, cuprite, brochantite) indicate weathering processes at the site. According  

to the SiO2-CaO-FeO ternary diagram, the melting temperature of the slags was estimated 

close to 1200 °C. Higher viscosity index was also calculated. The process of crystallisation 
and solidification was commonly fast enough to form skeletal shapes of the crystals and glass 

matrix. The Cu concentrations in the analysed tapping slags were ranging from 3920 to 26050 

mg/kg.  
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Micrometeorites (MMs) are extraterrestrial particles smaller than 3 mm that fall  

on the surface of a planetary body, allowing it to be collected and investigated. Depending  

on the atmospheric entry velocity and angle, they reach different temperature peaks, 

producing a variety of textures (Folco & Cordier 2015). Collections of MMs were sourced 

from various environments, mainly Antarctic water wells, ice and snow, deep sea sediments, 

as well as rooftops in urban areas (Suttle et al. 2021). Common chemical indicators  

of extraterrestrial origin of particles are: the presence of nickel, low amounts of titanium, 

potassium, and sodium (Genge et al. 2008). Here, we present a study focusing on the recovery 

and physico-chemical characteristics of the collection of extraterrestrial spherules collected 

from the rooftop of „On the Amber Trail” primary school in Mikoszewo, Pomeranian 
Voivodeship.  

The sampling process was performed during dry and sunny weather. The sediment was 

vacuumed with the use of a vacuum cleaner, and then transferred to containers. Around 10 

kilograms of the sediments were obtained and then separated in the laboratory using a sieve 

shaker, particles with diameters over 750 μm and under 88 μm were discarded. The remaining 

particles were separated into 3 different fractions (750–500 μm, 500–315 μm, 315–88 μm). 

Further separation process was previously described in Kajewski et al. 2023. The total amount 

of the material left was 116 g. 

Particle selection was conducted under the Nikon SMZ18 Stereo Microscope to identify 

specimens displaying morphological attributes suggestive of cosmic spherules, including 

distinctive crystal arrangement, the presence of metallic beads and streamlined forms, 

alongside unusual grains, for subsequent chemical examination. A total of 47 samples were 

meticulously selected and prepared for analysis using a scanning electron microscope (SEM) 

coupled with energy-dispersive spectrometer (EDS), followed by immersion in an ultrasonic 

bath, drying, and affixation onto copper tape. Utilizing the JEOL JSM-IT100 In-Touch-

ScopeTM scanning electron microscope operating in backscattered electrons mode coupled 

with an EDS (Fig. 1), as well as the Renishaw inVia confocal Raman microscope, the samples 

underwent comprehensive analysis. 
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To date, 28 grains analysed have been positively verified as MMs. Among these,  

the majority fell within the 315–88 μm fraction (n=24), while only 4 MMs were within  

the 500–315 μm fraction. Eighteen grains were verified using SEM-EDS, whereas Raman 

spectrometry confirmed 10 grains. Out of 28 grains, most were identified as barred olivine 

type (BO; n=11), porphyritic olivine type (PO; n=8) and cryptocrystalline type (CC; n=6). 

Remaining single grains were identified as vitreous type (V), scoriaceous type (Sc) and glass 

type (G-type). The analysis of the particle size revealed two main peaks at ca. 210 μm (n=12), 

and 145 μm (n=9) with a minor peak at ca. 305 μm (n=4). 

A total of 15 Ni-bearing spherules were identified, alongside 5 MMs with no detectable 

nickel content. Among the MMs, nine of BO type were found, ranging in size from 150 μm  

to 258 μm. These specimens exhibited a consistent chemical composition in their silicate 

phase, predominantly composed of Mg (8–17 %), Fe (20–43 %), Si (11–18 %) and O (34–41 

%; all values in wt%) with minor amounts of Al, Ca and S. Additionally, a detectable nickel 

content was observed at approximately 0.75 %. Three out of nine MMs displayed a metal 

bead protruding from the ellipsoidal silicate body, attributed as an effect of inertia of heavier 

metal melt during atmospheric deceleration and rapid spin of the particle (Suttle et al. 2021). 

Conversely, the six BO-type MMs lacking the metal bead exhibited a higher concentration  

of iron in their silicate phase (23–43 % Fe), compared to the other three specimens with metal 

beads (20–31 % Fe). Metal beads consist mostly of Fe (25–44 %), Si (11–18 %),  

and O (17–56 %), with one bead containing up to 36 % nickel. 

Besides BO, other spherule types are identified as extraterrestrial. PO particles, ranging 

175–225 μm, exhibit diverse iron content: one group with about 21% Fe, the other with  

36–37% Fe. Notably, one PO particle with lower iron content displays double the magnesium 

levels compared to others (17% vs. 4–8% Mg). Oxygen and nickel content remain relatively 

consistent across PO particles (35–40% O, 0.24% up to approximately 3% Ni), while silicon 

content ranges from 9% to 17%. Two CC type spherules, 144 μm and 167 μm in diameter, 

show similar chemical compositions despite differing iron-rich coatings. Iron content ranges 

from 17% to 19%, magnesium approximately 11%, oxygen 40–44%, and silicon 19–20%, 

with no nickel detected. A slightly elongated V type spherule, averaging 245 μm, exhibits 

predominant levels of Fe (28%), Mg (16%), Si (16%), Ni (0.5%), and O (37%) on its surface. 

Lastly, the G type spherule (Fe 14%, Mg 11%, Si 19%, Ni 0.33%, O 44%) is covered  

by small magnetite dendrites surrounded by silicate mesostasis.  

Analysis of the Raman spectra of the 10 MMs revealed bands at c. 390 cm-1 c. 660–670 

cm-1, c. 820 cm-1, c. 850 cm-1 and c. 1010 cm-1, as well as various bands corresponding  

to organic matter/carbon detected up to 30 μm below the particle surface. The c. 670 cm-1 

band corresponds to magnetite, while c. 820 cm-1 and c. 850 cm-1 bands are characteristic  

for the olivine with predominantly forsteritic composition, consistently identified in all 

analysed particles. Additionally, one PO micrometeorite also revealed c. 390 cm-1 c. 660 cm-1 

and c. 1010 cm-1 bands, identified as pyroxene. 

Despite the limited sample size, consistent trends akin to prior studies emerge. BO  

(c. 40%), PO (c. 28%), and CC (c. 21%) types mirror Meppen and Budel findings. Four MMs 

(14%) contained Fe-Ni beads, akin to Meppen (17.1%). Particle size peaks at 145 μm and 210 

μm. Larger MM prevalence may stem from separation or selection biases. Peak positions 
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align with Meppen (160 μm and 220 μm), suggesting size-dependent factors in source or 

entry dynamics. Future focus on chemical distinctions involves particle polishing for internal 

feature exposure, unveiling atmospheric crystallization processes. 

 

 
 
Figure 1.  SEM images of four types of micrometeorites. A - barred olivine type, B - close look on 

olivine dendrites in porphyritic olivine type, C - cryptocrystalline type, D - scoriaceous type with 

small Fe- Ni bead in the lower part. 
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The utilization of siliceous materials such amethysts, crystal quartz, opals, agates, 

and/or jaspers as in artistic techniques is known for centuries. These materials not only 

represent a wide range of colours and textures but also lend themselves well to craftsmanship.  

The Pietra Dura method employs thin slices of various rocks and minerals, primarily marble, 

lapis lazuli, and jasper, assembling them to depict scenes of nature, ornaments, and views  

of contemporary architecture (Giusti, 2006). Jasper, which according to historical sources 

came mainly from Bohemia, was commonly used in Prague workshops (Turnovec, 2006), 

although this fact has not received serious scientific attention. 

This study focuses on the mineralogical description of jaspers from Kozákov, 
presenting their fundamental characteristics, microscopic phase descriptions, powder X-ray 

diffraction, Raman spectroscopy of specific phases, utilization of Mössbauer spectroscopy  
for a more detailed resolution of iron-containing minerals, chemical composition measured by 

scanning electron microscopy with energy-dispersive spectroscopy, and fluorescence under 

short-wave and long-wave UV radiation. Jaspers represent the least studied SiO2 materials 

and, due to their variability, numerous interesting aspects can be observed that potentially 

indicate unique compositions or conditions of formation. On the basis of these data,  

the probable origin of these minerals can be more closely deciphered. Current study focuses 

on the most renowned Bohemian locality Kozákov, which has served as an important deposit 
of mineral collectibles such as agates, jaspers, amethysts, and zeolite group minerals. This site 

was selected also due to its exceptionally high content of famous green jaspers, prominently 

featured in the Pietra Dura art of the Castrucci family’s workshop, active at the court  
of Rudolf II in Prague. 

Drawing upon information from articles (Turnovec, 2006; Koeppe and Giusti, 2008) 

discussing samples from Kozákov and their use in Pietra Dura from Prague, this study 
endeavours to apply available methods in solid material research, expanding knowledge about 

jaspers. The research combines knowledge of SiO2 materials, particularly microcrystalline 

quartz, α-quartz, CT opal, and moganite, which are described mainly in agates  

and chalcedony (Pauling, 1968; Flörke et al., 1991; Heaney et al., 1994; Dayvault, 2014; 

Götze et al., 2020; among others) but not in jasper. Jaspers can contain all these phases  

in varying concentrations and with common mineral inclusions, primarily hematite  

and goethite causing a distinctive colouring of samples. 
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For basic observations, a reflection microscope was utilized to comprehend 

relationships and examine individual color zones of the jasper, where phases such as hematite, 

goethite, and celadonite were identified. Powder X-ray diffraction confirmed anticipated 

mineral impurities and phases such as celadonite or moganite. Raman spectroscopy primarily 

provided insights into the concentration of moganite in individual SiO2 phases in the jasper. 

Mössbauer spectroscopy experimentally confirmed the presence of iron-containing minerals 

and verified the presence of celadonite. Scanning electron microscopy with energy-dispersive 

spectroscopy offered a distinct perspective and, through elemental maps, validated 

microscopic descriptions of individual phases. Finally, fluorescence was utilized to detect 

macroscopic and microscopic SiO2 fluorescence-active phases. 

 

 
 

Figure 1. A polished sample of jasper with the presence of α-quartz and Mn-calcite under normal 

(right) and UV light (left) with a length of 254 nm. Sample dimensions: 13.4 × 7.6 × 3.3 cm.  
Photo: Vrtiška and Jaroměřský 

 

The results of this study indicate with high probability that the green jaspers found  

in historical works from the era of Rudolph II were collected from the Kozákov locality. 
Various analytical methods, complementing each other, confirmed the presence of previously 

undescribed celadonite, the primary colouring element in green jaspers, at the Kozákov 
deposit. Raman spectroscopy, through mapping, identified monoclinic SiO2–moganite 
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contents in a specific structure characterizing all phases visible in Kozákov jaspers. 
Additionally, a partially new and unexplained fluorescence was detected in finely fibrous 

chalcedony under the microscope. This fibrous chalcedony represents one of the documented 

generations of chalcedony in jaspers, with further research still underway. It was also 

confirmed that fluorescence can be a valuable, inexpensive, non-destructive, and user-friendly 

method for enhancing the basic understanding of the composition of jaspers from different 

locations, laying the groundwork for further investigation. Overall, this project aims  

to establish a foundation for systematic studies of jaspers, which can subsequently be 

expanded to include more locations and delve into phases in jaspers that have yet to be 

explained. 
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The area of interest of this study is the Zábřeh Crystalline Unit (ZCU) on the eastern 
margin of the Bohemian Massif (BM). This part of the BM is rather neglected in the Czech 

geological community and is more thoroughly studied by the Polish authors as part  

of the Sudetes. The discovery of a narrow zone of gabbros, garnet amphibolites and high-

grade gneisses exposed in the middle part of ZCU (the so called Zejfy-Hynčina belt) as well 
as the absence of a reconstruction of the geodynamic evolution of ZCU were the motivation 

to perform a geochronological and geochemical study. 

The U-Pb geochronological study was conducted on eight samples, four samples  

of metasediments, and four samples from the Zejfy-Hynčina belt. As a supporting dataset, we 
used whole-rock geochemistry analyses which allowed to compare ZCU samples  

with petrologically similar rocks in the surrounding units and in BM (Nové Město Unit, 
Letovice Complex, Polička Unit, Mariánské Lázně Complex). These correlations put  
the outcomes in a broader context of the geodynamic evolution of BM and potentially of Peri-

Gondwana. 

The northern part of ZCU is made of fine-grained to medium-grained quarzitic 

phyllites. The maximum deposition age of the protolith constrained by detrital zircon 

geochronology is Upper Cambrian to Lower Ordovician. The southern part of ZCU is made 

of fine-grained metagreywacke of upper Neoproterozoic age, the metaconglomerate from the 

southernmost part yielded the Early Cambrian maximum age of deposition. The deposition 

ages of the protoliths are interpreted from the youngest peaks on the age spectra. There is  

a distinct correlation between the detrital zircon age spectra of the ZCU and the other 

metasedimentary units of BM. The ages show a typical distribution of the Cambro-Ordovician 

sequence of Peri-Gondwana with significant affinity to the West African Craton. 

According to the geochemical analyses, the metasediments are classified  

as metagreywackes and litharenites with low contents of Ca and Na (CaO ~ 0,5 - 1 wt.%, 

NaO ~ 2 - 2,5 wt.%) and with a negative Eu anomaly. This is put in comparison with 

previously performed studies, e.g. by Buriánek (2010) where the metasediments are classified 
as schist or arkoses derived from felsic volcanic arcs. 

The Zejfy-Hynčina belt consists of gabbroic rocks, amphibolites and felsic high-grade 

gneisses surrounded by metabasites, likely originated by strong retrogression under 

greenschist facies conditions. Gabbros to metagabbros are solid, dark rocks made  

of amphiboles with plagioclase-epidote matrix and were intruded during the upper Cambrian 

(493,94 ± 0,34 Ma). Tonalitic gneisses are made of quartz, plagioclase, amphibole, garnet, 
biotite and chlorite and are spatially juxtaposed with gabbros. The obtained data show similar 
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age to gabbroic rocks (493,45 ± 0,40 Ma). Geochemically, the rocks from Zejfy-Hynčina belt 
are tholeiitic basalts with high contents of Mg (MgO > 9 wt.%) and low contents of Fe (Fe2O3 

~ 8,5 - 10 wt.%).  

The metasediments associated with the metabasites are migmatized greywackes - light 

strips of leucosome alternate with dark strips of melted rock. The original greywacke 

consisted of plagioclase, quartz, muscovite, biotite, K-feldspar and epidote. In the 

melanosome, muscovite is not present and some of the biotite decomposes into secondary 

chlorite. The zircons from the melanosome constrained the maximum age of sedimentation  

to the Lower Cambrian. Interestingly, the distinct population of zircons giving Middle 

Devonian ages (around 390 Ma) with significantly higher values of U/Th ratio have been 

identified in the leucosome-bearing layers. This population is interpreted as a record of the 

early Variscan metamorphism and partial anatexis related to the back-arc extension identified 

in the Jeseníky Mountains by Schulmann & Gayer (2000) and Janoušek et al. (2014). 
Similar mafic rocks were earlier described in the Staré Město Belt and the Nové Město 

Crystalline Unit surrounding the ZCU. The results of our study indicate that the ZCU 

represents a segment of abandoned Cambro-Ordovician rift zone developed along  

the northern margin of Gondwana. The area was probably affected by early Variscan 

metamorphism likely related to Devonian back-arc opening. 
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Listvenites are highly altered mantle rocks consisting of primary minerals replaced  

by carbonates (magnesite and dolomite) and secondary silicates. They are commonly formed 

at fore-arc environments above subduction zones (Sideridis et al., 2022). Dolomite  

is a complex mineral, described by the stochiometric formula CaMg(CO3)2 and could 

incorporate various elements such as Mn, Fe, Zn. It can be form as a primary mineral 

precipitated from an aqueous solution. However, it also occurs as a secondary phase formed 

due to the dolomitization process, where dolomite is formed by the replacement of the calcite 

ions by the magnesium ions (Mehmood et al. 2018). The reverse process to dolomitization  

is dedolomitization – a term proposed by Von Morlot (1847) as the replacement of dolomite 

by calcite during near-surface chemical weathering. Nowadays, any alterations of dolomite 

are classified as dedolomitization process (Fairbridge, 1987). Ferroan dolomites are more 

susceptible than magnesian ones to dedolomitization due to metastability in the surface 

environment. A peculiar type of dedolomitization called ‘zincization’ is the process caused  
by the formation of zincian dolomites, where Zn2+ substitution for Mg2+ in the crystal lattice 

is detectable (Boni et al., 2011). Zincian dolomites from the Selac area co-occurs with Ni-

arsenides and -sulfarsenides asscociation (Mederski et al., 2021, Kluza et al., 2023). The aim 

of this work is to describe conditions of post-listvenitization ore-forming processes  

in dolomite breccias.  

The Selac area is located in the northern part of Kosovo and belongs to the Trepça 
Mineral Belt (the main metallogenic belt for Kosovo), a part of the bigger suture zone – the 

Vardar Zone. Lithologies in the Selac area are represented mainly by Jurassic ultrabasic rocks 

and serpentinites which occur with a small amount of Paleozoic crystalline basement.  

The tertiary unit is represented by volcanic, sub-volcanic intrusive and pyroclastic rocks.  

On the border between serpentinites and volcanic rocks, as well as in tectonic zones, two 

types of listvenites occur: silicified listvenites and carbonatized listvenites (Lupa et al., 2020). 

Listvenites as well as breccias often host hydrothermal mineralization represented by galena, 

sphalerite, nickeline, maucherite, gersdorffite, rammelsbergite, polydymite, marcasite, pyrite, 

millerite, and chromite (Mederski et al. 2021). Dolomite occurs as a listvenite rock-forming 

mineral as well as in breccias and veins forms independently from the main tectonic zone 

(Kluza et al., 2023). 

Representative samples were collected from the outcrops surrounding the village  

of Selac in Kosovo (the sample area has a 1.5 km width). Preliminary petrographic 

investigation was conducted in transmitted- and reflected light microscopy. Chemical 
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analyses were determined at the Department of Mineralogy and Petrology, National Museum 

in Prague. Moreover, microthermometry analyses were conducted on primary fluid inclusions 

within dolomite crystals at AGH University of Krakow. 

In microscopic observation dolomite occurs mostly as anhedral and subhedral crystals 

with a crystal size from a few μm up to a few mm. They create zones which are better visible 
by using SEM, caused by varying metal content – Mg, Fe, Zn. Two zonation types  

in dolomite are recognized. Firstly, oscillatory Fe-rich zonation without or with a low amount 

of Zn and secondly, irregular zonation with high Fe and Zn content (Fig.1.) Other carbonates 

represented by magnesite-siderite solid solution, calcite and rare smithsonite exhibit Zn 

enrichment. Moreover, Ni-Zn-Mg arsenates and silicates were observed. Microthermometry 

analyses gave homogenization temperatures in range of 105.9 °C up to 240.2 °C for dolomite 
formation. 

The occurrence of iron-rich dolomite is related to the listvenitization process. It appears 

within veinlets in altered rock as well as in progressive zonation within the dolomite vein. 

Irregular overprint rich in zinc in dolomite crystals and forming zincian dolomites can be 

related to the dedolomitization process ‘zincization’ where Zn2+ substitutes Mg2+. They occur 

at the intersections between the main tectonic zone, which follows NNW-SSE trending 

directions and the secondary tectonic zone with SW-NE trending direction. Intersections are 

places where Ni-mineralization is the richest. Zincian dolomite overprint on ferroan listvenite 

dolomite could be related to Ni-sulfarsenides and Ni-arsenides formation, which brought 

specific conditions (high As/S ratio in gersdorffite (Mederski et al., 2021). 

 

 

Figure 1. Composition of dolomites from Selac area and representative BSE images. 
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Compositional zoning of trace elements within garnet serves as a useful tool  

for reconstructing its petrogenetic evolution, complementing major element analyses. This is 

particularly pertinent for trace elements with a strong affinity for garnet and characterized by 

slow diffusion rates, such as Y and heavy rare earth elements (HREE) (Otamendi et al., 2002; 

Tirone et al., 2005; Carlson et al., 2014). In this study, we explore various zoning patterns  

of trace elements observed in large garnet porphyroblasts within micaschist samples  

from the Variscan high-pressure (HP) metamorphic terrain of the Krušné hory Mts. 
(Saxothuringian zone, Bohemian Massif). 

Utilizing electron probe micro-analysis and laser ablation-inductively coupled plasma 

mass spectrometry (LA-ICP-MS), we delineated three compositional zoning types within 

garnet through compositional mapping (Fig. 1). These zoning patterns encompass gradual 

core-to-rim changes, concentric annular changes, and the sigmoidal (or spiral) distribution. 

Our investigation emphasizes the formation mechanisms of each zoning type, their correlation 

with pressure-temperature (PT) changes, and possible fluid availability dependence.  

The gradual change represents first order change indicative of the availability of trace 

elements regulated by the dissolution of minerals and precipitation of new minerals during 

prograde metamorphism. The concentric annular variations are interpreted as second-order 

fluctuations, indicative of more intricate alterations, such as changes in oxygen fugacity  

or fluctuations in fluid availability. The sigmoidal zoning reflects the distribution of elements 

inherited by garnet from antecedent phases replaced by garnet during its growth. 

The observed highest concentrations of Li, Na, Sc, Y, and HREE are found in the 

garnet's central core (Fig. 1) with steep decrease towards the rest of the central part of garnet’s 
grain. This suggests rapid diffusion of these elements from the matrix into the garnet post-

nucleation, challenging a solely Rayleigh fractionation-based interpretation. The anticipated 

prograde evolution of PT conditions, as projected in this study and compared to other 

investigations (e.g., Jouvent et al., 2022), closely aligns with the transition to HP  

and medium-temperature (MT) conditions. This alignment is evidenced by garnet's 

compositional zoning patterns, which encompass variations in both major and trace elements, 

alongside the sequential occurrence of Ti-bearing mineral inclusions in garnet 

(Ttn→Ilm→Rt) and compositional features observed in other HP minerals (e.g., ~3.5 Si apfu 

in phengite). 
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Figure 1. Trace element maps featuring a large garnet grain and surrounding matrix minerals (quartz, 

phengite, biotite, and chlorite) from a micaschist sample, measured by LA-ICP-MS. Maps are sorted 

by increasing nucleon number of analyzed isotopes (a–w). The maps are quantified, except Sc (c), 

because of the peak overlay with Si analyzed values. Areal REE data of the core (highest values  

of HREE in center), central, and rim parts are plotted and normalized to the chondrite values according 

to Boynton (1984), while the medians are plotted as lines, and the range of values from q1 = 0.05 to q3 

= 0.95 are shown as hatched transparent fields (x). 
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The gradual increase in Co and Zn from core to rim (Fig. 1), reciprocated by the 

distribution of Mn, indicates an increase of temperature during the garnet’s growth. Overprint 
zoning of Ti and partly Ca, Sm, Eu, Gd, and Tb in the central part of garnet abruptly changing 

to purely concentric annular zoning in the rim part (Fig. 1) also suggest temperature 

escalation. Moreover, well-developed overprint zoning of Cr throughout the garnet grain 

indicates reached temperatures up to MT, compared with Yang and Rivers (2001). Garnet-

compatible Y and most of HREE are depleted in the rim, accompanied by enrichment  

of coupled VIII(Na, Li)+ + IVP5+ substitution elements. Such an alkali-phosphorus coupled 

substitution was experimentally proven to operate in HP to ultra-HP conditions (Thompson, 

1975; Brunet et al., 2006; Hanrahan et al., 2009; Konzett and Frost, 2009). 

The observed inverse annular oscillatory distribution between Sc and V is attributed  

to fluctuating oxygen fugacity during garnet growth, influenced by changes in the availability 

of the fluid matrix medium enabling easier transfer of trace elements. Elevated trace element 

contents in garnet are associated with the breakdown of main and accessory phases carrying 

these elements during garnet growth, incorporating them into the garnet. The presence  

of the fluid-medium in the system predominantly influences the extent and frequency  

of annular variations in trace element concentrations, thus linking annular zoning in garnet 

with both the decomposition of trace element-bearing phases and fluid medium availability, 

similar to the process described by Konrad‐Schmolke et al. (2023). 
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The area of Mariánské Lázně in western Bohemia is the most complex territory  
in the Czech Republic from the perspective of hydrochemical mineral water zoning.  

The springs are cold with a formation depth of approximately max. 100 meters. In order  

to effectively protect the Mariánské Lázně springs, we must clearly understand  
the dependencies in the behavior of these springs. Based on this knowledge, we are able  

to establish protective measures that will effectively defend the spa from negative influences. 

The background for compiling the hydrochemical map are chemical analyses  

from historical and active mineral water sources (stored in archives) and analyses of newly 

discovered mineral springs during field survey in the vicinity of Mariánské Lázně. The most 
important sources of old chemical analyses are the publications by Klír (1953) and Dvořák 
(1976). 

Field survey for finding new mineral water sources took place between 2022 - 2024. 

The survey was conducted using a thermal camera, CO2 measurement device,  

and conductometer. A total of approximately 20 new springs with elevated values of CO2, 

conductivity, and temperature compared to the background were discovered. From these 

newly discovered springs in the vicinity of Mariánské Lázně were taken samples for chemical 

analysis. 

The basis for compiling the hydrochemical map is the work of Hynie (1949), who 

divided the main springs of Mariánské Lázně into 4 groups (SO4-Na-Cl, Na-SO4-Cl, Ca-Mg-

HCO3, and Ca-Mg-HCO3-SO4 ± Fe). However, since the 1950s, extensive hydrogeological 

surveys have been conducted with the aim of expanding the mineral water structure  

with additional wells. In total, approximately 60 new hydrogeological wells were drilled, 

verifying the presence of mineral water. It was found that wells located just tens of meters 

apart can have completely different chemical compositions. 

The result of my study is the hydrochemical map of Mariánské Lázně, which includes 
approximately 140 mineral springs (newly and previously described). 

A significant finding is that the high variability of the chemistry of Mariánské Lázně 
mineral springs cannot be simply explained by petrology or faults systems. However, certain 

regularities in the hydrochemical composition can be described. It was found that  

the chemistry of the mineral water changes depends on the distance from the main spring axis 

north-south (N-S). The N-S axis includes entire spring area of Křížový pramen, pramen 

Alexandra and Alfréd, and part of Ferdinandův pramen. These are springs where  

the dominant cation is Na+ and the dominant anion is SO4
2-. The mineralization of these 
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springs is up to 12 g/l. Long-term pumping tests have revealed that there is an influence up to 

a distance of 1 km from this structure (N-S) (Pěček, 2004). 
With the distance of the mineral springs from this main N-S structure, there is likely 

mixing of mineral waters with different mineralization. These are mineral springs where  

the original type is dominated only by Na+ or SO4
2-. This includes the type  

with the dominance of the Na+ cation and the HCO3
- anion (part of the Lesní, Ferdinand,  

and Rudolf structure). Furthermore, there's the Ca2- SO4
2- type, which includes part  

of the Marie spring structure. Then there are types that have not come into the contact  

with the main structure (N-S) to such an extent, and the water's chemical type is dominated  

by cation Ca2+ and anion HCO3
-. This includes the entire Antoníček, Pott, and part  

of the Rudolf and Marie structure. 

A particular hydrochemical type is dominated by cation Mg2+ and anion HCO3
-. These 

are mineral springs that have come into the contact with mafic to ultramafic rocks  

(e.g., serpentinites), which contain an increased amount of magnesium. This hydrochemical 

type is found in the area of Farská kyselka, Balbín, and part of the Rudolf structure.  

The hydrochemical distribution of the mineral springs can be seen in Fig. 1. 

 

  
 

Figure 1. Mariánské Lázně mineral springs in Piper diagram 
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The main contribution of this work is that newly conducted chemical analyses  

of previously unknown mineral springs contribute to these general regularities. Thanks  

to them, the overall hydrochemical map of Mariánské Lázně can be refined. The results  
of spatial changes in the hydrochemistry of mineral waters can be used to rationalize  

the protection of mineral water resources. A partial result of the study is the finding that there 

has been a long-term decrease in the mineralization of the Mariánské Lázně springs. Due to 
the significant spa importance of these mineral springs, I will further investigate this area. 

 
Acknowledgement: The sampling was carried out with the help of Jan Holeček. Chemical analyses were co-

financed by the Technology Agency of the Czech Republic. 
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The Høydal volcanogenic massive sulphide (VMS) deposit is associated with thick 
basaltic flows, which are parts of an inverted Lower Ordovician ophiolitic sequence  

in the Central Norwegian Caledonides. It is found, together with some other smaller 

prospects, in the close vicinity of the world-famous orebody at Løkken. Hoydal is one  
of the very few Scandinavian Caledonian VMS deposits, which suffered only minimal effects 

of later deformation and metamorphism (only very low to low grade metamorphism occurred) 

and therefore the original textural features are quite well preserved. The layered massive 

sulfides at Høydal are closely related to a feeder zone with characteristic host rock alteration, 
as well as to extensive jasperoid layers and fault-scarp talus deposits (see e.g., Grenne  

& Vokes, 1990). Modern study with a system-based approach was not performed in the area, 

though it would be crucial to better understand the ore forming processes at Høydal, it could 
not only significantly contribute to the evaluation of the economic potential (including  

the critical raw materials) of the region, but also would improve our understanding  

on the Caledonian, (slightly) metamorphosed VMS deposits. To reach our goals, by far we 

performed petrographic analyses with transmitted and reflected light optical microscopy  

as well as SEM-EDS and EPMA studies on representative rock samples, however,  

in the future we plan to complement these results with further fluid inclusion studies, Raman 

and stable isotope analysis. 

The massive sulphide ore is rich in euhedral-subhedral pyrite which is surrounded  

and partly replaced by later sphalerite, while rarely chalcopyrite and galena occur as small 

inclusions in pyrite. The Co:Ni ratio of pyrite is 4-5, which is common in submarine 

hydrothermal systems. The amount of Cu, Zn, Pb is high, generally between 0.1-0.7 wt.% 

and Au content can also reach values as high as 0.1 wt.%, suggesting the possible presence  

of gold nano-inclusions in pyrite. Based on its Se content, the pyrite formed at ~175-215°C 
(Keith et al., 2018). The up to 0.16 wt.% Ga content as well as low, 1.8-3.5 wt.% Fe content 

in sphalerite suggest low formation temperature (i.e.<200 °C, see e.g. Kullerud, 1953), which 
is in accordance with its post-pyrite precipitation. Besides, Ga and In content is of particular 

interest, due to their economic significance and inclusion in the list of critical raw materials. 

Samples representing the stockwork feeder zone show strong hydrothermal alteration: 

quartz, sericite, TiO2, monazite, and illite occur as alteration minerals and only the residual 

texture of the host rock resembles to the original variolitic textured pillow basalt. While pyrite 

is the most common opaque mineral, small amount of chalcopyrite also occurs, either  
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as inclusions or as later replacement and vein-filling in pyrite. The Co:Ni ratio of pyrite  

is between 4.5 and 11, while the amount of Cu, Zn and Pb is lower than in the massive 

sulphide ore (commonly <0.2 wt.%). However, Au content as high as 0.19 wt.% was also 

observed in these samples. Te can reach up to900 ppm, suggesting slightly lower fO2, 

compared to the massive sulphide ore, while based on Se, slightly higher formation 

temperatures (~205-225°C) can be assumed (Keith et al., 2018). Similarly to pyrite, 

chalcopyrite is also Au rich (up to 0.23 wt.%) and can be characterized by traces of Se, Te, As 

and Co. 

The jasperoid rock is mostly composed of quartz and hematite, but some chlorite, 

ilmenite, and other iron oxides can also be observed. More generations of quartz are 

observable; the earlier occurs as fine-grained aggregate and the later occur as micro-

brecciating veins, crosscutting throughout the sample. Chlorite and ilmenite show 

characteristic V enrichment. 

The above preliminary data serve as a solid base for the future research of Høydal VMS 
deposit and draw our attention to the importance of mineral chemical studies. With the help  

of trace element concentrations of different ore minerals, we can estimate the formation 

circumstances as well as better evaluate the economic potential of the studied localities. 

 
Acknowledgement: The authors are thankful to H-K. Paulsen and NGU for providing samples from Hoydal.  
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The National Park České Švýcarsko in northern Czechia was affected by a significant 
wildfire covering approximately 1100 hectares in July 2022, resulting in the creation  

of a unique vegetation-free environment. This situation (a) enabled the monitoring  

of the moisture regime of sandstone rocks as vegetation began to regrow and (b) provided  

an opportunity to compare it with the moisture regime of areas unaffected by the wildfire. 

We employed time domain reflectometry (TDR) to measure volumetric moisture 

content in 2-cm-wide boreholes down to 1 meter depth at selected locations in both wildfire-

affected and unaffected areas. Additionally, the uranine probe was used to detect  

the evaporation front in the rocks, indicating the presence of capillary water and the location 

of subsurface evaporation (Weiss et al., 2020).  

Analysis of current results reveals similar trends in both locations: moisture increases 

with depth, indicating probable water evaporation in the near-surface zone of the sandstone. 

Moisture variations reflect seasonal weather patterns, with higher levels observed in winter 

and lower levels in summer. However, notable differences exist between the two areas, too.  

In the unaffected area, the moisture content is consistently lower (approximately by 5-6%) 

compared to the affected area. This could be caused by the absence of vegetation and the 

consequent lack of transpiration through tree roots in the sandstone. Conversely, without 

vegetation, rock outcrops are more exposed to solar radiation and increased wind speeds, 

potentially leading to increased evaporation. Moreover, rapid moisture recovery is evident  

in the affected area. Just two months after the wildfire (September 2022), the moisture levels 

are already comparable to those measured one year later (September 2023). Additionally, 

moisture measurements taken one month after the fire (August 2022) are comparable to those 

from the summer month of July 2023, due to higher temperatures and limited precipitation. 

The evaporation front in the affected area exhibited greater variability throughout  

the year and extended deeper into the sandstone compared to the unaffected area. Near the 

surface, evaporation rates were high due to the hydraulic connectivity of pore water to the 

surface, facilitating capillary flow. In contrast, the presence of the evaporation front in deeper 

zones disrupted hydraulic contact with the surface, resulting in a decrease in the rate  

of evaporation as moisture transport occurs through the diffusion of water vapour (Slavik et 

al., 2020). This likely contributed to higher moisture levels in the fire-affected area. 

Continued measurements in both the fire-affected (along with ongoing vegetation 

growth) and unaffected areas, will provide invaluable data for determining the predominant 

influence of vegetation. Additionally, these measurements will contribute to clarifying  

the seasonal moisture dynamics in the sandstone massif.  
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The metamorphosed manganese mineralization was recently studied at the newly 

discovered locality Poráč – Diely. Mineralization is embedded in the Early Paleozoic narrow, 

tectonically limited belt of Rakovec Group rocks dominantly composed of mafic 

metavolcanic material – basalts, tuffs and tuffites, with local occurrence of andesites, dacites 

and their volcaniclastics (Bajaník et al., 1981). Small siliceous lenses with Mn mineralization 

consist of subparallel laminated parts and nodules composed of rhodochrosite, kutnohorite, 

rhodonite, nambulite, pyroxenes, hydrogarnets, amphiboles, braunite and hematite, cut  

by white to orange veinlets up to 2 mm thick, consisting dominantly of As-rich pyrosmalite 

group minerals, as well as arsenates, arsenosilicates and carbonates. Quantitative chemical 

(WDS) analyses of minerals were obtained using a JEOL-JXA850F electron microprobe 

analyser. The following conditions were applied: 15 kV, 20 nA (silicates, carbonates, 

sulphates), 20 kV, 10 nA (arsenates and braunite), beam diameter 1–10 μm, with the 
following standards and X-ray lines: albite (AlKα, NaKα), apatite (PKα), baryte (SKα, BaLα), 

celestine (SrLα), Co (CoKα), Cr2O3 (CrKα), diopside (SiKα, MgKα, CaKα), fluorite (FKα), 

GaAs (AsLα), hematite (FeKα), Ni (NiKα), orthoclase (KKα), rhodonite (MnKα), rutile 

(TiKα), ScVO4 (VKα) and tugtupite (ClKα). 

The most frequently occurring As-rich minerals belong to the pyrosmalite group, they 

are represented dominantly by schallerite (Mn16As3Si12O36[OH]17), mcgillite 

(Mn8Si6O15[OH]8Cl2) and rarely friedelite (Mn8Si6O15[OH]10). Schallerite and mcgillite form 

euhedral crystals macroscopically causing orange colour of manganese ore. In BSE imaging 

the extensive zoning was observed in crystals embedded in veins and cavities. In association 

with braunite, schallerite rarely overgrows at the inner parts of braunite crystals. 

Schallerite formula was calculated on the basis of 16 octahedrally coordinated cations 

(Dunn et al., 1981) and it contains the highest amount of As3+ within studied pyrosmalite 

group minerals, which is in the wide range (1.13–3.14 apfu) with relatively high content of Cl- 

(0.48–1.99 apfu) and F- (up to 0.84 apfu). Mcgillite and friedelite were calculated on the basis 

of 8 octahedrally coordinated cations (Donnay et al., 1980). Mcgillite is locally enriched  

in As3+ (up to 0.47 apfu) and high content of Cl- (1.02–1.40 apfu) was also observed. 

Chemical composition of rare friedelite was investigated by two microprobe analyses which 
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declare increased content of As3+ (0.36–0.45 apfu) and decreased content of Cl- (0.96–0.99 

apfu) compared to mcgillite. 

Chemical composition indicates relation between increasing As concentrations 

compared to decreasing Cl (OH respectively) in the studied samples. A Cl vs. As diagram 

(Fig. 1) illustrates substitutional mechanism suggested by Dunn et al. (1981) that adheres 

structural relations and keeps charge balance among pyrosmalite group minerals, proposed  

as 2☐ + 6(OH) ↔ 3[As3O6(OH)3].  

According to paragenetic observations at the locality Poráč we consider pyrosmalite 
group minerals as secondary products formed during the Alpine metamorphic event caused  

by infiltration of H2O-rich hydrothermal fluids with presence of CO2 in the As-rich system, 

indicated by subsequent carbonate formation (Abrecht, 1989). However, local accumulations 

of pyrosmalite group minerals cannot be clearly excluded as prograde primary phases. Source 

of chlorine is generally accepted to be derived from primitive Cl-rich environment or from 

breakdown of some Cl-bearing precursor minerals (Vaughan, 1986). 

As-rich pyrosmalite group minerals represent the first occurrence in the Western 

Carpathian region, although As-free pyrosmalite-(Mn) is relatively common and was 

identified at all previously known metamorphosed manganese ore occurrences (Čučma – 

Čierna baňa, Malá Hekerová – Bystrý potok and Betliar – Július) in the Gemeric Unit. 
 

 

 
Figure 1. The Cl vs. As substitution diagram of pyrosmalite group minerals from Poráč – Diely. 
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The Smrčiny (Fichtelgebirge) granite is characterized by occurrences of such  
as torbernite and autunite (Sandberger, 1888; Wurm, 1961) and it also contains a few deposits 

within the granite, for example the Großschloppen deposit with uranium ore represented  
by pitchblende, coffinite, uranophane, autunite, torbernite and saléeite (Dill & Kolb, 1986). 

Exploration of radioactive springs associated with the granite began in 1908 and a year later 

prof. C. Schiffner measured unusually high radioactivity levels on one of the springs in Bad 

Brambach, a German town located close to Czech town Plesná (Kaiser, 1989). This spring, 

named Wettinquelle (formerly Neuen Quelle), can reach 222Rn activities even of 29 000 Bq/l, 

which is by Girault et al. (2016) the highest measured 222Rn activity of a surface spring in the 

world. Radioactive springs on the Czech part of Smrčiny pluton between towns Skalná  
and Plesná were firstly described by Dr. Zukriegelová in 1961 during hydrological studies  
of adjacent tertiary Cheb basin (Kolářová, 1965). Between years 2016-2018 a large survey  

of radioactive springs took place in the area between towns Skalná, Plesná and Bad Brambach 
(Turnová, 2019). During this survey, numerous radioactive springs were discovered, 

including spring Břetislav (Radonka) with activities between 11 500 ‒ 13 500 Bq/l, which is 
the most radioactive surface spring in the Czech Republic, and spring Pod Skalou  

with activities around 8 000 Bq/l, which was found in the old water conduit of town Skalná. 
Most of the radioactive springs in this area are associated with the muscovitic variety  

of granite (type G1Sm by Hejtman 1984), which is strongly weathered, very poor in thorium 

(4.3 ppm) and contains leached (<1 ppm) and enriched (31.8 ppm) zones of uranium 

(Chlupáčová et al., 1998). 

 During the search for radioactive springs in 2018, an occurrence of torbernite in form 

of small veins and clusters of crystals in the G1Sm granite was found in a railway cut close  

to Bad Brambach. Also, the uranium prospection research between 1967-1968 found  

an uranium mica occurrence in a forest close to Plesná (Rus, 1969). This contribution focuses 

on prospecting the area studied by Turnová (2019) for more supergene uranium-bearing 

phases, their connection to tectonic structures in the Smrčiny granite and possibility for 
radioactive springs being activated by these phases. Laboratory part consists of measuring the 

amount of radionuclides in fillings of tectonic structures by gamma-spectrometry and 

mineralogical description of found U-bearing phases from the results of powder X-ray 

diffraction and alpha-spectrometry, with pending EDS microanalysis and dating  

by the 230Th/234U method (Roll, 2017). 
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 Due to paucity or absence of natural outcrops in the area, a 9 km long section  

of railway between Bad Brambach and Vojtanov with significant amount of railway cuts was 

mainly used for searching the mineral occurrences and measuring the tectonic structures. On 5 

different railway cuts with addition of 2 natural outcrops near Skalná, a total amount of 567 
tectonic structures in granites were measured, of which 36 showed increased radioactivity. 

Fissures in these granites are mostly of ENE-WSW and NNW-SSE directions, fissures with 

increased radioactivity seem to be most prominent in the directions of NW-SE and NNE-

SSW, which are the same directions obtained by evaluating previously measured geophysical 

(VLF) data on springs Břetislav and Pod Skalou. 
 Four occurrences of uranium minerals were described (including previously found 

torbernite) during the fieldwork. Second occurrence of torbernite was found in a railway cut 

south of the Břetislav spring in a weathered filling of single fissure in form of crystals 
reaching 5 mm in size. These crystals show transformation of translucent torbernite into 

opaque metatorbernite, sometimes with intergrowths of a green-yellow fluorescent meta-

autunite (Fig.1). Remaining two occurrences of yellow autunites were found in a cut south  

of the previous one. They typically form small pockets with clusters of little autunite crystals 

growing on strongly weathered granite about 20 cm below ground level.  

 

 
 

Figure 1. About 5x5 mm large crystal of metatorbernite with intergrowths of green-yellow meta-

autunite on the lower edge found in a weathered filling of granite fissure. 

 

 As the research is still in progress, the discussion about connection between 

discovered uranium-bearing phases and radioactive springs remains open. There were no 

found uranium minerals in contact with radioactive waters which can be directly marked as 

their source of radioactivity. However, all of the fissure fillings with increased radioactivity, 

which are enriched in U (21 ‒ 6 982 ppm) and Ra (35 ‒ 8 000 ppm) by the results  

of laboratory gamma-spectrometry, shows presence of hydrous Fe or Mn oxides. Boyle 

(1982) marks the U enriched hydrous Fe and Mn oxides (limonite, wad) precipitated on faults 

with presence of radioactive waters as an important indicator in deposit prospection, that these 

faults either contain uranium mineralisation, or intersect it on their path. Although the amount 
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of radionuclides in these oxides were below the detection level of alpha-spectrometry, they 

remain as possible U-bearing phases in the fissure fillings. We cannot definitely say whether 

the source of spring radioactivity below the ground level is of supergene origin, but the 

corelation of directions between tectonic structures with increased radioactivity and structures 

discovered by geophysical measurements on the spring sites and also significant depth  

of supergene processes in the granite up to 100 m at the Großschloppen deposit (Dill & Kolb, 

1986) speaks in favour. 
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The siliceous rocks represent a significant fraction of epizonally metamorphosed 

Devonian succesion of the Vrbno Group in the Zlaté Hory Ore District (ZHOD). These rocks 
belong to polygenetical group of macroscopically similar rocks including (1) abundant 

sedimentary quartzites and quartzitic schists, (2) volcanogenic siliceous rocks (formerly 

called as metaquartzkeratophyres) and (3) also so-called „siliceous rocks of problematic 
origin,“ representing probably mixed volcanosedimentary rocks or strongly altered volcanites. 
Although the acidic metavolcanites of ZHOD have been studied in the past (e.g. Fediuk et al. 

1974; Tomšík, 1986), their trace element geochemistry is not well known. 

For this study, the locality on NW slope of Táborské skály (NW part of ZHOD) was 
chosen, representing the best exposure of these rocks in wider region. Metavolcanic rocks 

there are represented by homogenous hornfelsic metavolcanites alternated with a strongly 

laminated metatuffs. Between the individual horizons of metavolcanites a macroscopically 

different, more coarse-grained rocks with abundant mica aggregates are present. Because they 

do not correspond to unaltered volcanics either in mineralogy or geochemistry of major 

elements, they are referred to as siliceous rocks of problematic origin. 

Studied samples of acidic metavolcanites show a felsitic texture of groundmass 

enclosing an elongated, lenticular aggregates of polycrystalline quartz, which probably 

represent original phenocrysts or crystaloclasts. Using Energy-dispersive X-ray spectroscopy, 

the groundmass is composed of anhedral grains of quartz, intermediate microcline and albite, 

accompanied by small amount of intensively chloritized biotite (according to EDS 

microanalyses Al-rich annite) and secondary muscovite. Major accessory minerals are pyrite 

or pseudomorphs of Fe-oxihydroxides after pyrite, euhedral grains of allanite or ferriallanite-

(Ce) and low amount of zircon, ilmenite and apatite. The siliceous rocks of problematic origin 

exhibit entirely recrystalised lepidogranoblastic texture. The major rock-forming minerals are 

quartz, muscovite, plagioclase (acid andesine) and partly chloritized phlogopite. Rare 

accessory minerals are represented by zircon and Nb-rutile. 

The distribution of major elements fully supports the distinction between acidic 

metavolcanites and siliceous rocks of problematic origin. For siliceous rocks of problematic 

origin are typical significantly higher A/CNK ratio (ca. 1,87) and higher whole-rock mg-

number (0,69 - 0,74). In comparison with acidic metavolcanites, these rocks are slightly 

enriched in FeOT and CaO, gently depleted in SiO2 and strongly depleted in Na2O, whereas 
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the concentrations of K2O are similar. The content of major elements resembles more closely 

the rocks of sedimentary origin than magmatites. 

The major element analyses of acidic metavolcanites reveal their affinity to high  

K-rhyolites or alkali rhyolites, which were gently affected by secondary alteration. These 

rocks are typical by high content of SiO2 (72,65 - 76,67 %), Al2O3 and alkalis, whereas CaO, 

MgO and Fe2O3 concentrations are relatively low, corresponding to leucocratic composition 

of samples and presence of alkali feldspars. Based on aluminium saturation, the majority  

of studied rocks exhibits a metaaluminous to subaluminous composition (A/CNK = 0,93 - 

1,1). Higher values of A/CNK in some analyses could be related with sericitization of K-

feldspar. In TAS diagram (Le Bas et al., 1986) these rocks correspond to rhyolites including 

subalkaline as well as alkaline composition, which could indicate the secondary mobility of 

alkalis. Similarly, all analyses correspond to rhyolites or alkali rhyolites using the ternary 

classification diagram Al2O3-FeO+TiO2-MgO after Jensen (1976) and multi-cation plot R1-

R2 (De la Roche et al., 1980).  

Contradicting to major element distribution, the trace element patterns are very similar 

in metavolcanites and siliceous rocks of problematic origin, suggesting a genetic linkage.  

The typical feature of all studied samples is significant enrichment in incompatible trace 

elements (LILE and HFSE); the N-MORB normalised patterns (Sun a McDonough, 1989) 

show decreasing trend from LILE to HFSE with extensive Sr and Ti negative anomaly, 

corresponding to fractionation of plagioclase and/or alkali feldspars and Ti-Fe oxides.  

The affinity of all studied rocks to rhyolites or alkali rhyolites is also proved by position  

of analyses in classification plot Nb/Y-Zr/Ti (Pearce, 1996) as well as in other classification 

diagrams using relative concentration of Zr, Ti, Ce and Ga. 

Based on high concentrations of incompatible trace elements and high Ga/Al ratio, 

investigated rocks are similar to extrusive equivalents of A-type granites (Loiselle and Wones 

1979), which reveal comparably high FeOT/MgO and K2O+Na2O/CaO ratios. Fully 

comparable with typical A-type granites (Collins et al., 1982) are the concentrations of Nb, Zr 

and Ga, whereas the contents of La, Ce and Y are lower and more variable. Regardless,  

in discrimination plots between A-type and other granite types (Whalen et al., 1987), all 

metavolcanites show clear A-type affinity, which is also supported by presence of Fe-rich 

biotite as a dominant mafic mineral (Collins et al., 1982). 

Despite controversy in petrogenesis of A-type granitic rocks, A-type affinity of acidic 

metavolcanites together with their position in geotectonic discrimination diagrams after 

Pearce et al. (1984), where they correspond to within plate granites, implies continental rifting 

or back-arc rifting settings of ZHOD. This is consistent with major elements geochemistry  

of associated metabasites (elevated TiO2 and P2O5 content) formed during the second volcanic 

cycle (Schejbalová, 1988). 

 In comparison with acidic and intermediate metavolcanites from southern part  

of Vrbno Group (Janoušek et al., 2014), the metarhyolites from ZHOD exhibit less enriched 

character and also lower Nb/Y ratio, corresponding to A2 subtype after Eby (1992). It well 

corresponds to overall character of Devonian volcanic activity in Jeseníky Mts. and its 
polarity, summarized by Jakeš and Patočka (1982). The variability in composition mentioned 
above could be probably explained as a result of heterogeneity of pre-Devonian basement. 
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More precise interpretation of acidic metavolcanites of ZHOD and evaluation of their 

linkage to metabasites and to ore mineralisation could be possible using larger amount of 

analytical data (including REE concentration) from whole ore district. 

 

Figure 1. Position of investigated rocks in plots of Whalen et al. (1987), designed to distinguish 

between A-type granitoids and other granitoid types. Metarhyolites marked by red points, siliceous 

rocks of problematic origin by blue point. 
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 Štiavnica stratovolcano hosts several Mn-bearing mineralisations with secondary 

Mn oxides. They form different shapes – massive kidney layered aggregates, microcrystalline 

filling of quartz after dissolved carbonates, massy 10-15 cm long stalactites or powder-like 

aggregates. Secondary MnOx occurs in mixed compounds, which involve two Mn oxidation 

states Mn3+/Mn4+ with highly porous mineral phases (Post et al., 2020). Therefore, it is 

difficult to distinguish and identify them. Previous studies have mentioned cryptomelane, 

coronadite, todorokite, pyroluzite and woodrufite, whose detailed chemical composition has 

not yet been clarified (Háber et al., 2003; Milovská et al., 2014). The purpose of this work is 
to identify secondary Mn minerals correctly and identify their genesis. As Mn is a biogenic 

element (Tebo et al., 2004; Ghosh, 2020) and the environment of the ancient mining adits can 

be regarded as an original biotop, we consider the creation of minerals from either an abiotic 

or biotic point of view. 

Samples of MnOx mineralisation for the study were taken from a different part  

of Štiavnica stratovolcano. TER series was obtained from Terézia exploration adit in Banská 
Štiavnica. SCH set of samples was taken from Schöpfer mine in Hodruša-Hámre, FER series 
from Ferdinand adit in Banská Štiavnica and BIB samples from subsurface Bieber vein Jergy 
adit district, Banská Štiavnica. The chemical composition of minerals in each sample was 

determined by the electron microprobe analysis (WDS). In the sample series TER was 

identified todorokite with average crystalochemical formula 

(Zn0.19Ca0.15K0.11Sr0.11Ba0.07Na0.07)0.76(Mn4+
3.95Mn3+

1.65Mg0.07Al0.01Fe0.27)5.99O12 · 3H2O and 

coronadite (Pb0.54Ca0.14Zn0.13K0.11)1.1(Mn4+
5.97Mn3+

1.4Fe0.34)7.71. SCH samples constitue  

of todorokite 

(Fe0.33Ca0.33Zn0.18Ba0.09Na0.04K0.04Pb0.04)1.1(Mn4+
4.67Mn3+

1.11Mg0.13)5.98O12 . 3.94H2O and 

coronadite (Pb0.57Ca0.20Zn0.19Cu0.16Ba0.06)1.23(Mn4+
2.92Mn3+

3.37Fe1.26)6.29O16. FER set  

of samples contains woodruffite Zn1.63Na0.2Ca0.14Fe0.07Pb0.05Mn4+
4.65Al0.16O12 . 5.9H2O.  

A serie of BIB samples has not been identified yet. The structure of particular minerals was 

confirmed by Raman spectroscopy and compared with published data (Post et al., 2020).  

The Raman spectra were measured with 532 nm laser. It was necessary to use a filter of laser 

beam due to unstable structural changes of the samples under laser heating. One presumptions 

of the biotic origin of MnOx is preferential incorporation of Mn4+ toward Mn3+ (Tebo et al., 

2004; Villalobos et al., 2003). Therefore it was necessary to establish both oxidation states  

of Mn. Based on the standard bismutathe method (Bloom et al., 1978), the optimised titration 

method was used to quantify the weight percent of Mn3+ and Mn4+ in each sample (tab.1).  
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Mineralogy and quantity enumeration of each oxidation state of Mn in the samples 

serve as a basis for the research of genesis on secondary Mn minerals in Štiavnica 
stratovulcano. 

 
 Table 1. The content of total Mn, Mn3+ and Mn4+ expressed as wt % in the composite samples 

determined by titration analytical method based on Bloom et al. (1978).  
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  TER-1 Sch-4 BIB Sch-5 FER TER-2 

Mn (wt. %) 49,48 49,06 50,61 58,98 41,02 56,26 

Mn3+ (wt. %) 16,73 11,5 18,99 11,65 4,03 4,19 

Mn4+ (wt. %) 32,74 37,56 31,62 47,33 36,99 51,89 
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Smectite minerals belong to the clay mineral group. They are phyllosilicates with a 2:1 

structure consisting of several layers of an octahedral sheet between two tetrahedral sheets 

(TOT layers). The negative charge of the layer is balanced by the cations in the interlayer 

space, of which the most common in natural smectites are Na+ and Ca2+. The presence  

of hydrated cations results in the ability of smectites to swell. Swelling, chemically active 

high specific surface area, high affinity towards adsorption of cationic species – those 

properties make smectites broadly used in industry. Smectites are the main constituent  

of bentonite rock. However, not all applications require the use of pure smectite. In some 

cases it would not be cost effective to purify the rock, therefore it is important to study  

the properties of smectite also in the context of the host rock.  

Smectites and bentonites are used in animal feed, pet adsorbent, additives in building 

materials, casting moulds or as geobarriers to impede water movement at waste disposal sites 

or in radioactive waste repositories. The role of water in smectites is crucial, especially in the 

last two cases, and in any situation where smectites are subjected to high temperatures and the 

presence of water over a period of time. The role of water in smectites and bentonites  

and their hydration is well recognised, although the literature lacks information  

on rehydration properties and kinetics of rehydration. This work shows preliminary results  

of a study of the degree of rehydration and rehydration kinetics of a model smectite and raises 

the issue of predicting rehydration in bentonites. 

Rehydration experiments were carried out on SCa-3 “Otay” montmorillonite reference 
material obtained from the Clay Minerals Society’s Repository. Montmorillonite was 
exchanged with cations of different hydration enthalpy. The typical experiment consisted  

of three phases: equilibration, dehydration, and rehydration. The dehydration phase was 

carried out at different temperatures (100-300 °C) for 2 h. Rehydration was investigated  
in terms of temperature (10-40 °C), and relative humidity (30 or 50 %). The preliminary 

results showed that the degree of rehydration is dependent on the interlayer cation and was 

also influenced by temperature during the dehydration and rehydration phase. The kinetics  

of the process depended on the rehydration temperature. As the rehydration temperature 

increased, the rate of the reaction proceeded more rapidly and ranged from 7 h to 20 min  

in the temperature range tested. The studied materials showed an increased degree  

of rehydration with increasing relative humidity.  

Due to the rapid rehydration process, special care is recommended when handling 

samples that require pre-drying before analysis. Given the strong influence of interlayer 

cations on the rehydration capacity of smectites, it is important to further investigate  
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the analogous properties of smectite-containing materials, i.e. bentonites. The possibility  

of predicting the behaviour of bentonites remains an open question. 
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Continental red Beds (CRBs) are sedimentary facies formed in various continental 

sedimentary environments, such as lacustrine, alluvial, fluvial, floodplains, deltas,  

and deserts. This comprehensive study investigates the factors influencing red coloration  

in Permian-age continental sediments within the Krkonoše Piedmont Basin, Czech Republic. 
The identification and investigation of lithofacies in five studied outcrops in this basin reveal 

that the examined sediments were deposited in a diverse range of continental sedimentary 

environments (Martínek et al., 2006). The analyzed samples originated from both deep  

and shallow lacustrine environments (Rudník member and Prosečné Formations, Cisuralian), 
as well as fluvial  and floodplain environments (Trutnov Formation, Guadalupian). Opluštil  
et al. (2013) and Schöpfer et al. (2022) have attributed the shift in sedimentary environments 
observed in the Permian period within the Krkonoše-Piedmont Basin sediments  

to paleoclimatic changes.  

Diffuse Reflectance Spectroscopy (DRS) data reveals that the non-red lower sections  

of the Rudník member exhibit grey-green hues (Munsell 5Y 8/1, 5Y 6/1 and 5GY 6/1),  

and first derivative peaks associated with goethite (430–440 nm and 525–535 nm), while the 
red upper parts (Munsell 10R 4/6 5YR 5/6) of the Rudník member, along with the Prosečné 
and Trutnov formations, display higher wavelengths (565 to 585 nm), indicative of hematite 

presence. XRD data further confirm the absence of hematite in the lower Rudník member  
and its presence in the upper sections. Despite the absence of red colouration, bulk 

geochemical data reveals higher iron content in the lower part of Rudník member, enriched 
with redox-sensitive elements such as As, Zn, and Pb.  

Despite similar diagenetic stages for deep and shallow lacustrine sediment, different 

stages show negligible effects on sediment coloration and hematitization. The red hue in these 

continental sediments primarily arises from prevailing sedimentary conditions and early 

diagenesis, with limited influence from advanced diagenesis alone on the entire sedimentary 

sequence.  
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The lack of red coloration in the lower Rudník member is attributed to prevailing 
reductive conditions in the sedimentary environment (deep part of the lake) during its 

formation, supported by the absence of hematite, presence of goethite and the enrichment  

of redox-sensitive elements. Conversely, the presence of hematite, the primary cause  

of the red colouration, indicates oxidizing environments during the deposition of the Prosečné 
and Trutnov Formations. These variations in sedimentary environments are attributed  

to climate fluctuations, underscoring the pivotal role of paleoclimate in shaping the genesis  

of red facies. 
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The construction of the Great Pyramid of Giza is a testament to the technical  

and technological capabilities of the society of that time. Discussions on how the pyramid was 

built cause disputes among researchers to this day. This work presents the results  

of a mineralogical and petrographic study of the mortars used to build the Great Pyramid  

of Giza. The following research methods were used on the samples examined: binocular 

magnifier, polarising microscope, quantitative microscopic analysis, roentgenographic 

analysis, scanning electron microscopy with EDS detector, optically stimulated luminescence 

(OSL) method. The analyses concluded that three types of mortar were used to build the Great 

Pyramid. The first type of mortar was used to join the blocks of the core of the pyramid, while 

the second type was used to join the blocks of its casing stones and the granite blocks  

in the King’s Chamber; the third type was used to join the blocks in the central part  
of the pyramid. The results of this research will help to understand numerous technical 

aspects concerning the construction of the pyramid, such as the extent of the development 

of construction techniques, materials science and engineering, as well as the tools used.   

We can visualise the supposed extent of development and construction-related knowledge  

of the Ancient Egyptian society. The mineral composition of the mortars and the 

anthropogenic traces found in them will help to verify the idea of the tools used during that 

period. The results of this work will enrich the scientific literature, nationally  

and internationally, and answer many questions about Egyptian history. They will expand 

knowledge of technical capabilities of the ancient constructors, the use of stone  

in construction, and the traces of machining left on the construction material. The object  

of interest is the Great Pyramid of Giza. Undoubtedly, it is the pinnacle of the pyramid-

building era. In terms of size, as well as meticulous construction.  The Egyptians were  

the first to use mortar to join the blocks together. Which is considered one of the first uses  

of manufactured cement (Snell and Snell, 2000). Over time, they improved the efficiency  

of their operations with the use of lime mortar, which is still used to produce cement 

(Kharbish and Andráš, 2014). The mass of the pyramid is estimated at 5.9 million tons. Its 
volume is approximately 2,500,000 cubic meters. Construction materials include blocks  

and mortar of limestone and granite. Approximately 500,000 tons of mortar were used  

to build the Great Pyramid (Agaiby et al., 2013). The blocks of the Lucowka casing are 

rhombic in shape, and their joints show exceptional precision of stone surface treatment  

and contain very thin layers of mortar (Petrie, 2019). Very few researchers have dealt with the 

issue of mortars used in the construction of the Great Pyramid of Giza. The first researchers 

who undertook to study the chemical composition of mortar from the Great Pyramid were  
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A. Lucas (Lucas, 1906). In the past few decades, subsequent researchers have conducted 

chemical analyses (Regourd et al., 1988) and (Barsoumw and Ganguly, 2006).  

Examination of the mortars used to lay the core, veneer, and granite blocks  

of the pyramid, in terms of petrography, helped to understand the preparation techniques  

of these mortars, their types, and the purpose of their use. The finding of an iron-titanium 

(Fe,Ti) alloy in the mortars was not previously recorded by researchers. (Petrie, 2019).  

A uniquely important study turned out to be the study of the optically stimulated 

luminescence (OSL) method (Moska et al. 2021).. The results of this research will be 

presented at the conference. 
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The Sarykum dune complex stands as the highest aeolian landform in Europe  

and one of the highest in Eurasia (Gusarov, 2016). It comprises a NW-SE oriented field  

of primarily hummock stabilized dunes covering approximately 30 km2, with the central sand 

massif rising to 170 m above the base. Located in the southwest part of the Caspian 

Depression, near its contact with the Caucasus Mountains, the complex developed within  

a dynamic geological setting. Throughout the Quaternary period, the region experienced 

multiple epochs of aridization and humidification, closely tied to significant fluctuations  

in the Caspian Sea level (e.g., Krijgsman et al., 2019 and references therein). The formation 

and development of the Sarykum dune complex are associated with these processes (Idrisov, 

2010). The dune complex covers the marine terrace (+80-70 m) formed during the Khazar 

transgression of the Caspian Sea, which dates back to Marine Isotope Stage 5, implying  

a rough age constraint of 80 ka for the complex formation (Idrisov, 2010). The clastic 

material is suggested to originate primarily from pre-Quaternary sandstones from neighboring 

mountain ranges (e.g. Idrisov, 2010).  

However, to date, there are no chronological data enabling a reliable correlation with 

regional climatic events. In our study the primary objectives were: (1) to establish a reliable 

chronology of the Sarykum dune complex via optical stimulated luminescence dating (OSL); 

(2) to analyze the sedimentary structures and determine paleowind directions; and (3)  

to integrate the obtained results into the formation model. In August 2022, we conducted  

a geological field study within the area of the dune complex. Using the unmanned aerial 

vechicles (drones), we generated decimeter- to centimeter-scale 3D digital textured models  

of the entire dune complex and its key localities to illustrate and reconstruct its morphology 

and internal structure. In the field, we made over 300 measurements of cross-bedding series, 

which were further analyzed using 3D models. Additionally, we collected 11 samples  

for OSL dating from various stratigraphic levels of the dune complex, ranging from the base 

to the very top. 

In the western and eastern parts of the complex, where hummock dunes are developed, 

a 25 meter-thick aeolian sequence is well-exposed in the quarries. At the base of the 

succession, there are yellow, medium-to-coarse-grained, cross-bedded sands series. These 

series, that reach up to 4-5 meters in thickness, are highly inclined, and intersect each other  

at high angles (35-40 degrees). Additionally, the layers of sands are commonly interbedded 

with pebbles, which are interpreted to be associated with alluvial input into the aeolian 
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system. Upwards, the aeolian sands are sheet-like, with a hardly distinct bedding, and the 

sandy paleosol layer occurs. Sampling for OSL dating was performed in the eastern quarry. 

The obtained results suggest the age range of 69-53 ka for the deposition of the basal part  

of the succession. The sample collected from sandy unit 1.5 m below the paleosol indicates  

an OSL age of 11.9±0.9 ka, while the palesol – 3.1±1.6 ka. 
The highest massif of the complex located in its central part has been studied  

in a blowout near the top. Here, a sequence of sandy to gravely deposits, with cross-bedding 

series and carbonated crusts occurring along the bedding surfaces, is exposed. Four OSL dates 

indicate an age range of 8.9-7 ka for the unit. 

The paleowind analysis indicates dominant NW wind directions for the sequences  

in the eastern part of the complex. However, for the western part and central massif,  

it suggests winds from an opposite SE direction as responsible for aeolian deposition. These 

directions correspond to the present-day regional wind directions, with northwest winds 

typical for cold seasons and southeast winds for warm seasons. 

Our results indicate that the formation of the dune complex began after the Khazar 

transgression of the Caspian Sea and was associated with the onset of arid and cold conditions 

during the subsequent Atelian regression, when the level of the Caspian Sea dropped to -120 

m (e.g., Krijgsman et al., 2019 and references therein). This stage was followed by the 

Khvalynian transgression, which started about 35 ka (e.g., Krijgsman et al., 2019; Koriche  

et al., 2022), when the level of the sea increased up to +50 m. According to our interpretation, 

during this period the aeolian processes in the study area slowed down due  

to the humidification of the climate. The renewed phase of aeolian activity started  

at the Pleistocene-Holocene boundary, around 12 ka, being associated with the Mangyshlak 

regression, when the Caspian Sea level dropped to -90 m. In the Holocene, about 6 ka  

the following Novocaspian transgression restored the level of the Caspian Sea up to -22 m 

and aeolian activity in the study area was ceased. 

Our study represents the first comprehensive attempt to establish a reliable chronology 

of the development of the Sarykum dune complex. We conclude that since the end  

of the Khazarian transgression of the Caspian Sea around 70 ka, the periods of aeolian 

reactivation have been consistently linked to aridization stages coinciding with major 

regressions of the sea level. The prevailing seasonal wind directions retained in the study area 

during the Late Pleistocene-Holocene played a pivotal role in sedimentary transportation 

and/or redeposition processes.  
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