MINERALOGIA - SPECIAL PAPERS
Volume 46, 2017

VIII Polish Conference
Petrological and mineralogical studies in geology

Abstracts

Cracow, Poland, 1-2 June 2017

Mineralogia - Special Papers formerly Mineralogia Polonica - Special Papers
Editor of the series:
Marek MICHALIK
Institute of Geological Sciences, Jagiellonian University
marek.michalik@uj.edu.pl
Editor of Volume 46:
Katarzyna JARMOŁOWICZ-SZULC
Polish Geological Institute - National Research Institute
4 Rakowiecka St., 00-975 Warsaw, Poland
katarzyna.jarmolowicz-szulc@pgi.gov.pl

PL ISSN 1899-8518

Printed:
Wydawnictwo Naukowe “Akapit”, Kraków
Kom. 608 024 572
e-mail: wn@akapit.krakow.pl; www. akapit.krakow.pl

2

Petrological and mineralogical studies
in geology
organized by

Polish Geological Institute–National Research Institute

and

Mineralogical Society of Poland

Cracow, Poland, 1-2 June 2017
3

Organizing committee:
President:

Katarzyna JARMOŁOWICZ-SZULC

Honorary member:

Anna MALISZEWSKA

Members:

Aleksandra KOZŁOWSKA
Marta KUBERSKA
Krystyna WOŁKOWICZ

Financial Support:
Polish Geological Institute–National Research Institute

4

TABLE OF CONTENTS

Preface
VIII Polish Conference Petrological and Mineralogical Studies in Geology ............ 9
Posters and Oral Contributions
Robert ANCZKIEWICZ
Combined in situ U-Pb dating of sphene and trace element measurements
under textural control .................................................................................... 11
Szymon BELZYT
Ore mineralization in fault zones in the Legnica-Głogów Copper District,
the Rudna Mine, SWPoland .......................................................................... 12
Julita BIERNACKA
Sudoite – a common authigenic mineral in Rotliegend sandstones of
western Poland .............................................................................................. 14
Dariusz BOTOR, István DUNKL, Aneta ANCZKIEWICZ ,Tomasz TOBOŁA,
Iwona JELONEK
Superposition of burial and hydrothermal events: late to post-Variscan
thermal evolution of the Moravo-Silesian Culm Basin in the Nízký
Jeseník Mountains (NE Czech Republic –SW Poland) ............................... 15
Andrzej CHMIELEWSKI, Sławomir OSZCZEPALSKI
Extensive alteration of sulphide minerals in the oxidized zone of the
Kupferschiefer series in SW Poland (Kożuchów area) ................................. 17
Adam FHEED, Anna ŚWIERCZEWSKA,, Artur KRZYŻAK
Nuclear Magnetic Resonance low-field relaxometry in the carbonate
hydrocarbon reservoirs investigation: recent advances................................. 19
Miłosz HUBER, Sebastian SKUPINSKI
Petrology and geochemistry of the Africanda ultrabasic rocks..................... 21
Miłosz HUBER, Sebastian SKUPINSKI
New geochemical characteristic of 3.7 Ga old metamorphites from
Murmansk (the Baltic Shield) ....................................................................... 22

5

Miłosz HUBER, Lesia LATA, Viktoria PANTYLEY, Roman LOZYNSKY
Comparative petrological and geochemical characteristics of plasters
on the buildings in the Lublin and Lviv cities............................................... 23
Leszek JANKOWSKI, Katarzyna JARMOŁOWICZ-SZULC
New interpretation of the tectonic mélange zones in the Polish
Carpathians and the character of mineralization ........................................... 24
Katarzyna JARMOŁOWICZ-SZULC
Geological and philosophic considerations: is the age of minerals or
rocks absolute? .............................................................................................. 26
6
Katarzyna JARMOŁOWICZ-SZULC
Hydrocarbons and brines trapped in the minerals in the selected Polish
oil and gas fields ........................................................................................... 27
Katarzyna JARMOŁOWICZ-SZULC, Aleksandra KOZŁOWSKA
Diamond deposits in the Kimberley region – general characteristics of
the kimberlite and alluvial occurrences......................................................... 28
Przemyslaw KARCZ
Geochemical characteristics of the Lower Paleozoic organic matter from
the Polish onshore Baltic Basin .................................................................... 30
Aleksandra KOZŁOWSKA, Katarzyna JARMOŁOWICZ-SZULC, Marta
KUBERSKA
Comparative characterization of the Middle Miocene sediments of the
Polish and Ukrainian parts in the Carpathian Foredeep ................................ 31
Marta KUBERSKA
Selected petrographic aspects of the Lower Triassic rocks in the
Warszawa – Łódź trough .............................................................................. 33
Grzegorz LEŚNIAK
Application of petrography in oil and field geology ..................................... 35
Marta MICHALSKA
“The mountain leather” – characterization of the palygorskite occurrence
from Kochanów in Lower Silesia, Poland .................................................... 36
Marta MICHALSKA
Ceramic research of palygorskite raw materials from the deposit
in Attapulgus (Georgia, United States) ......................................................... 37

Stanisław Z. MIKULSKI, Ewa KRZEMIŃSKA
Troublesome or diagnostic, inherited zircons in the course of U-Pb age
studies of igneous rocks and porphyry mineralization from the
Małopolska Block ......................................................................................... 38
Beata NAGLIK, Lucyna NATKANIEC-NOWAK, Tomasz TOBOŁA,
Katarzyna JARMOŁOWICZ-SZULC, Wiesław HEFLIK, Michał SOWA
Calcite as an indicator of hydrothermal activity in the Pepper Mts.
(the Holy Cross Mts.) .................................................................................... 39
Justyna NOWIŃSKA
Rock Salt with strontium in the Wieliczka Salt Mine in new light of the
mineralogical research .................................................................................. 41
Marta POLAŃSKA, Miłosz HUBER
Microanalysis of the Early Middle Ages coins from the Lublin area ........... 42
Natalia RADZIK, Anna ŚWIERCZEWSKA, Artur KRZYŻAK
Deformation bands in scope of Nuclear Magnetic Resonance methods –
case studies from the Outer Carpathians ....................................................... 43
Michał RUSZKOWSKI
Characterization of the Fe-Ti-V ores and the accompanying sulphide
mineralization in the Suwałki massif ............................................................ 44
Michał RUSZKOWSKI
Sulphides mineralization accompanying the Fe-Ti-V ore deposits within
the Suwalki massif ........................................................................................ 45
Katarzyna SADŁOWSKA, Ewa KRZEMIŃSKA, Stanisław Z. MIKULSKI,
Zbigniew CZUPYT
Sulphur isotope studies of sphalerites from the Zn-Pb ore deposits (MVT)
in Poland ....................................................................................................... 46
Maciej SWĘD
The characteristic of the weathering zones in exploitation area of the
Radzimowice deposit .................................................................................... 48
Tomasz TOBOŁA, Dariusz BOTOR
The Raman spectroscopy of organic matter in the Kłodawa salt dome
cap-rock – an indicator of thermal alteration ............................................... 50
Hanna TOMASSI-MORAWIEC, Jacek WACHOWIAK,
Grzegorz CZAPOWSKI
Geochemistry of the Permian “zuber” rocks in Poland................................. 52
7

Aleksey I. TRUBACHEV, Аleksey T. KOROLKOV, Agata DUCZMALCZERNIKIEWICZ, Tatiana А. RADOMSKAYA
Genetic models of formation of cupriferous sandstone and shale deposits
(examples from Jezkazgan, Udokan and the Lubin - Głogów Copper
District) ......................................................................................................... 53
Klaudia WALCZAK, Monika KOWAL-LINKA
Garnet and tourmaline of the Permian and Triassic sedimentary rocks
(North-Sudetic Synclinorium, SW Poland) as provenance indicators of
detrital material ............................................................................................. 54
Marta WALICZEK, Grzegorz MACHOWSKI, Anna ŚWIERCZEWSKA
Bitumen in rocks from the Skrzydlna Thrust Sheet and the Mszana
Tectonic Window (Outer Carpathians) ......................................................... 56
Krystyna WOŁKOWICZ, Elżbieta JACKOWICZ, Jan RZYMEŁKA
On lithophysae and amygdaloidal agates from the Sudety Mts. ................... 57
Stanisław WOŁKOWICZ
Is the lack of own uranium deposits is a limitation in the development of
nuclear power plant in Poland? ..................................................................... 59
Stanisław WOŁKOWICZ, Andrzej PAULO, Mariusz KRZAK
The role of geochemical and mineralogical studies in the research of rare
earth elements deposits: Polish and world experiences ................................ 61
Antoni WÓJCIK, Ewa KRZEMIŃSKA, Rafał SIKORA,
Stanisław Z. MIKULSKI, Zbigniew J. CZUPYT
Succession of Neoproterozoic granitoids of Khasag (Western Mongolia) ... 64
Justyna ZAJĄC, Anna ŚWIERCZEWSKA
Grain size and reservoir parameters in the aeolian Rotliegend sandstones
– a case study of the Eastern Erg .................................................................. 65

8

VIII Polish Conference
PETROLOGICAL AND MINERALOGICAL STUDIES IN GEOLOGY

Dear Colleagues,

The present VIII Pan-Polish Scientific Conference in Cracow is the continuation of the
cycle which has been organized by the scientific workers of the Polish Geological Institute
– National Research Institute since 2001. Two last conferences – in Sandomierz in 2015
and the present one in Cracow are co-organized by the Polish Mineralogical Society.
The aim of the conferences is a presentation of the significance of petrological,
mineralogical and geochemical studies in geology. The conferences give an excellent
opportunity to show own achievements and to discuss wide problematics in the circle of
mineralogical and petrological audience. Oral presentations and posters will cover a very
wide spectrum of topics grouped in the following blocks: I – Diagenetic processes /
Analysis of reservoir features; II – Sedimentary processes / Sources of detrital material; III
–Fluid circulation / Fluid-rock interaction; IV – Petrography and geochemistry of organic
matter; V – Hydrothermal processes / Formation of deposits; VI – Magmatic processes /
Metamorphic processes; VII – Isotopic studies / Geochemical studies; VIII – Analytical
methods / Experiments; IX – Petrology in interdisciplinary projects.
The presentations in the scope of the above proposed blocks cover different areas in
Poland as e.g., the Carpathians, the area of the Polish Lowlands, the inshore part of the
Baltic Sea. The numerous interesting localities abroad will be discussed, too. Applications
of typical mineralogical studies in other scientific fields will be also shown.
On behalf of the Organizing Committee we give the participants this volume of
Mineralogia –Special Papers with abstracts of oral and poster presentations and we wish the
participants the fruitful and interesting meeting. We hope that this conference in Cracow
will stimulate a development of further research and a scientific co-operation in the field of
petrology, mineralogy and geochemistry.
The Organizing Committee
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Combined in situ U-Pb dating of sphene and trace element
measurements under textural control
Robert ANCZKIEWICZ1
1

Institute of Geological Sciences, Polish Academy of Sciences, Kraków Research Centre, Senacka 1, 31-002
Kraków; e-mail: ndanczki@cyfronet.pl

Laser ablation ICPMS offers a relatively cheap and quick technique of dating minerals
or even their distinct domains preceded (or accompanied) by chemical scanning.
Commonly used approach is to date them after separating from matrix in epoxy mounts.
However, with large format sample cells, it becomes feasible to conduct direct dating from
thick sections, even if concentration of a particular mineral in a rock is low. Analyzing
grains from several sections provides the sufficient material in order to yield statistically
meaningful data. Naturally, LA ICPMS dating is most commonly applied to zircon and
monazite but there is rapidly growing number of studies focusing on minerals containing
significant amount of common Pb like rutile or sphene. Due to rather high closure
temperatures for U-Pb system in the latter minerals, they are of considerable interest in the
studies of both magmatic and metamorphic processes but they may also be useful in
provenance studies.
In this study we present optimized U-Pb dating protocols of sphene by laser ablation
ICP-MS. We compare the results obtained for separated minerals with those analyzed
directly from thick sections. The analyses were conducted using UV excimer laser (ArF)
RESOlution M-50 equipped with large format double volume S155 sample cell coupled
with ICP-MS X Series II. The measurements were normalized to natural OLT-1 sphene
standard and quality of analyses was monitored by secondary standard measurement of
sphene from Stjornoy in Norway.
The secondary standard measurements during each session were accurate within <1%
precision and yielded the weighted mean age of 520.9±3.5 Ma (MSWD = 2.0). We applied
the established analytical protocols to dating teschenites - alkaline lamprophyres from SPoland. We analyzed 20-40 crystals depending on abundance of sphene in a sample with
variable spot sizes. Dating results show a coherent picture. Intercept ages with TerraWasserburg concordia and 207Pb corrected weighted mean ages show slight variations but
are indistinguishable within the assigned uncertainties. Five out of six samples gave
practically identical ages of ca. 119 Ma (MSWD < 2 for all samples) with differences
smaller than 1 Ma. The age precision obtained for all samples is slightly higher than that
achieved for the secondary standard and it ranges between 1.0-1.5%. Our analyses
demonstrate robust analytical setup and determine emplacement of teschenites during the
early Aptian.
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Ore mineralization in fault zones in the Legnica-Głogów Copper
District, the Rudna Mine, SW Poland
Szymon BELZYT1
1

Institute of Geology, Adam Mickiewicz University in Poznań, Bogumiła Krygowskiego 12, 61-680 Poznań;
e-mail: szymon.belzyt@amu.edu.pl

The paper presents results of ore minerals’ investigations, the ore composition and
distribution, ore structures and textures, parageneses and mineral successions along the
NW-SE reverse, high-angle fault zone in the underground Rudna copper mine (Rudna
Central mining region). The study area, located in Fore-Sudetic Monocline, is a part of
well-known Lower Zechstein deposits classified as the Kupferschiefer type or the sediment
hosted copper deposits (SSC). The aim of the research is to determine the variation of ore
minerals and their characteristics in the zones of tectonic deformation.
Research methods comprised field works, macroscopic observations and measurements,
ore petrography, EPMA microprobe and X-ray diffraction analyses.
The ore mineralization concentrates in variable forms within four main units: (1) tectonic
breccias, (2) shales, (3) dolomites and (4) sandstones. Most common, massive and vein ore
bodies occur in tectonic and crystalline breccias in form of corroded, deformation (cataclastic)
and solid state diffusion textures. Iron-copper sulfides (chalcopyrite, bornite), lead-zinc
sulfides (galena, sphalerite) and tennantite are the most frequent ore minerals in the studied
fault zones. In the massive and vein ore, the Cu-Fe-S minerals were formed first, before
galena, sphalerite and tennantite. The ore minerals occur in copper shales, dolomites and
sandstones in the form of lenses or they fill in the pore space of sediments. Fine copper
sulfides (chalcocite, djurleite, digenite, covellite), fine iron-copper sulfides (bornite,
chalcopyrite), iron sulfides (pyrite, marcasite) and lead-zinc sulfides (galena, sphalerite) are
the most common minerals. The disseminated mineralization is less commonly observed in
the studied tectonic deformation zone than the massive-vein ore. In addition, the highly
enriched mineralization occurs between tectonic-crystalline breccia and un-deformed
sandstones or shales, filled by replacement textures. The ore mineralization in the study area
is extremely abundant. The ore is especially enriched in massive Cu-Fe sulphides, galena,
sphalerite and tennantite and reduced in dispersed chalcocite and covellite.
The results of investigations are consistent with the model of multistage genesis of the
mineralization (Vaughan et al., 1989; Wodzicki, Piestrzyński, 1994; Pieczonka,
Piestrzyński, 2000) referred to the regional tectonic evolution. The reactivation of the
Variscan basement, a regional extension of the Polish Basin during the orogenic phase and
the compressive Laramic displacement of the Permo-Mezosoic sedimentary cover were
main evolutional phases. It was also confirmed that fault zones are advantaged routes for
a fluid flow, geochemical barriers and areas of ore mineralization enrichment and diversity.
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Sudoite – a common authigenic mineral in Rotliegend sandstones of
western Poland
Julita BIERNACKA1
1

Institute of Geology, University of Poznań, Krygowskiego 12, 61-680 Poznań; e-mail: julbier@amu.edu.pl

It has been known for several decades that grain coating chlorite can preserve
a significant part of primary porosity in sandstones buried at high depths. A prominent
example of such a porosity preserving chlorite comes from the Rotliegend Hannover and
Slochteren formations in Germany: Mg chlorite has been interpreted there as a deep burial
transformation of the early diagenetic smectite, the latter formed from alkaline waters
expelled from nearby playa shales (Hillier et al., 1996). Surprisingly, the Rotliegend
sandstones from western Poland, which are the eastern equivalents of the German
Slochteren Fm., do not contain the Mg trioctahedral chlorite, but the Mg-sudoite – a rare,
aluminium-rich di-trioctahedral variety of the mineral (Biernacka, 2014).
The sudoite crystallized preferentially in the upper ~ 200 m thick part of aeolian
subarkosic arenites (Fig.1) and is responsible for the preservation of relatively high porosity

Fig. 1. Grain coating sudoite preserving high porosity in the Rotliegend sandstone from W Poland
(sample: Grzmiąca-3, 2622).

at depths up to about 4 km. The mineral has been formed from a precursor, probably the dismectite, as a result of the flow of hot, oxidised, Mg-rich fluids, which migrated from
a basement upward through the permeable aeolian sandstones in Triassic or Jurassic times.
References
Biernacka, J. (2014). Pore-lining sudoite in Rotliegend sandstones from the eastern part of
the Southern Permian Basin. Clay Minerals, 49 (5), 635–655.
Hillier, S., Fallick, A.E., & Master, A. (1996). Origin of pore-lining chlorite in the aeolian
Rotliegend of northern Germany. Clay Minerals, 31, 153–171.
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Superposition of burial and hydrothermal events: late to postVariscan thermal evolution of the Moravo-Silesian Culm Basin in the
Nízký Jeseník Mountains (NE Czech Republic - SW Poland)
Dariusz BOTOR1, István DUNKL2, Aneta ANCZKIEWICZ3 Tomasz TOBOŁA1, Iwona JELONEK4
1

AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection
30-059 Kraków, al. Mickiewicza 30, Poland, e-mail: botor@agh.edu.pl
2
Geoscience Centre, University of Göttingen, Goldschmidtstrasse 3, Göttingen D-37077, Germany,
3
Institute of Geological Sciences PAS, 31-002 Kraków, Senacka 1, Poland,
4
University of Silesia, Faculty of Earth Sciences, ul. Będzińska 60, Sosnowiec 41–200, Poland

The Raman microspectroscopy of organic matter, vitrinite reflectance and fluid
inclusion data were combined with low-temperature thermochronology data to investigate
the thermal evolution of the lower Carboniferous Culm facies rocks of the Moravo–Silesian
Fold and the Thrust Belt. In these siliciclastic rocks, the maximum palaeotemperatures
varied from ~200 ± 30°C in the E (in the Hradec–Kyjovice Formation) to ~350 ± 30°C in
the NW (in the Andělská Hora Formation) (Dvořák, 1989; Botor et al., 2017). Zircon (UTh)/He thermochronology (ZHe) and apatite fission track analyses (AFT) have been carried
out in the lower Carboniferous greywacke layers from the Culm Basin in the Nízký Jeseník
Mts. The zircon helium ages are ranging from 303.1 to 232.6 Ma (late Carboniferous to
early Triassic) in the eastern part of the basin, while they are significantly younger in the
western part, ranging from 194.1 to 162.9 Ma (early-middle Jurassic). Apatite fission track
central ages range from 151.6 ± 12.6 (latest Jurassic) to 43.8 ± 5.0 Ma (Eocene), with the
majority being grouped between 113.5 and 56.9 Ma. All samples experienced substantial
post-depositional thermal reset. Both the AFT ages and the ZHe are considerably younger
than the depositional ages, and the organic maturity data document maximum
paleotemperatures above 200ºC. The mean track lengths are ranging from 12.5 ± 1.7 to 15.4
± 1.5 μm. Conclusion on the thermal history of the rocks can be drawn taking into account
AFT and ZHe ages, the unimodal fission track length distributions, the relatively short
mean track length (in most samples), and their rather low standard deviation values (1.2 to
2.1 μm). These results suggest that the thermal history was determined by the Variscan and
post-Variscan heating and cooling event(s) followed by prolonged residence in the apatite
partial annealing zone in Mesozoic. The major phase of cooling occurred in the late to postCretaceous times, causing the present exposure of the studied rocks. The geological data
combined with a thermal modeling based on AFT and ZHe data indicate that the lower
Carboniferous strata reached the maximum palaeotemperatures already in the late
Carboniferous. The rocks, however, were later presumably re-heated, at least in the western
part of the study area. The post-Variscan (Permian and/or early Mesozoic) extensional
tectonic activity was responsible for a high heat flow. Thermal pulse(s) may have been
related to the advective heat transport and the circulation of hot fluids, that together with
the Variscan burial (Franců et al. 2002), could account for the reset of both
thermochronometers.
15
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Extensive alteration of sulphide minerals in the oxidized zone of the
Kupferschiefer series in SW Poland (Kożuchów area)
Andrzej CHMIELEWSKI1, Sławomir OSZCZEPALSKI1
1

Polish Geological Institute - National Research Institute, 00-975 Warszawa, ul. Rakowiecka 4;
e-mail: andrzej.chmielewski@pgi.gov.pl, slawomir.oszczepalski@pgi.gov.pl

This paper concerns the petrographic examination of extensively altered sulphide
minerals in the oxidized (Rote Fäule) zone within the Kożuchów area that is located in the
western part of the Fore-Sudetic Monocline. The oxidized rocks are confined to the
Zechstein Kupferschiefer series representing the contact zone between the Rotliegend
continental red beds (P1) and the Zechstein marine sediments comprising: the Weissliegend
sandstones (Ws), the Kupferschiefer shales (T1), the Zechstein Limestone carbonate rocks
(Ca1) and locally the base of Lower Anhydrite (A1).
The relations between the variability of mineral textures and the degree of alteration and
degradation of sulphide minerals were investigated in detail. New findings are based on
a compilation of reflected-light microscopy and CAMECA SX 100 electron microprobe
studies. A particular attention was paid to the lowermost part of the copper-bearing series,
where highly altered sulphides exhibit features characteristic of advanced processes of
oxidative mineral transformation.
Petrographic investigations largely contributed to the determination of the range of
oxidized zone, the distribution of iron oxides and remnant sulphides as well as their
textures in examined profiles. Extensively oxidized profiles in the studied area typically
contain large amounts of hematite and hydroxides (goethite). Microscopic observations
reveal the presence of red internal reflections caused by hematite pigment and finely
dispersed iron hydroxides. Rocks display various shades of red colour resulting from the
changes in concentration of submicroscopic masses of iron oxides. They occur in several
forms, as a pigment, pellets and mineral aggregates, irregular fine grains dispersed in the
matrix, micro-inclusions in sulphides, and earthy masses of lenticular shapes.
The oxidized rocks contain only remnants of sulphides. Predominant ore minerals
registered in oxidized rocks are mainly Cu-S type-sulphides (chalcocite, digenite, covellite)
and Cu-Fe-S type-sulphides (bornite, chalcopyrite, idaite), which are accompanied by
minor amounts of other minerals, including: pyrite, galena, tennantite, tiemannite,
clausthalite, native bismuth, electrum and native gold. Most of the sulphides present in the
oxidized profiles are characterized by very fine-grained forms unevenly disseminated in
rocks, irregular aggregates, agglomerates, tiny nests and micro-veinlets. The textures
particularly relevant for inferring the origin of relict sulphide mineralization include partial
replacement of copper sulphides and pyrite by iron oxides and hydroxides, iron oxides
pseudomorphic after pyrite framboids, sulphide grains with hematitic halos and coatings,
skeletal textures of sulphides invaded by iron oxides and irregular sulphide aggregates
encrusted or corroded with hematite. Effects of pervasive alteration of sulphides are
17

profound causing obliteration of their original textures, leaching some of their components
and finally destroying them or replacing by iron oxides. Furthermore, some neomorphic
minerals, such as powellite, brannerite or cuprite seem to be superimposed on remnant
sulphide mineralization. Commonly, hematite contains minor admixtures of Cu, Zn, Pb and
Ag, which presumably were incorporated to hematite during the process of oxidation of
sulphide minerals. Characteristically, the oxidized rocks contain elevated concentration of
Au, Pt, Pd and REE.
All these studies have shown that in the discussed area, the originally reduced
lowermost Zechstein sediments underwent far-reaching degradation, due to the intense
oxidation processes. The trend of growing degree of rocks oxidation towards the base of the
Kupferschiefer series is characteristic. This trend is expressed by the increase in sulphides
degradation and the decrease in their content, which is accompanied by the rise in iron
oxide concentrations. Replacement of sulphide minerals by iron oxides indicates that
hematite emplacement overlapped deposition of the earliest sulphides and that secondary
mineralization phase was superimposed on the primary mineralization. Evidently, this event
resulted from post-sedimentary upward flow of oxidizing solutions from the red-beds of the
Rotliegend. Therefore, the extremely ubiquitous oxidation in the Kożuchów area indicates
the extraordinary dynamics of the flow of mineralizing solutions during their passage
across the strata. As a result, only remnants of intensively altered copper sulphides
persisted after the oxidation processes.
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Nuclear Magnetic Resonance low-field relaxometry in the carbonate
hydrocarbon reservoirs investigation: recent advances
Adam FHEED1, Anna ŚWIERCZEWSKA1, Artur KRZYŻAK1
1

AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection.
Department of Fossil Fuels. Mickiewicza 30 av., 30-059 Cracow, Poland; e-mail: adam.fheed@gmail.com

The low-field Nuclear Magnetic Resonance (NMR) relaxometry is nowadays
increasingly popular in geosciences. Various applications of the technique ensure the
investigation of rock porosity, permeability and hydrocarbon content. Intense efforts have
lately led to the expansion of the method’s potential. In relation to that, the present paper
summarizes the recent advances in studying carbonate hydrocarbon reservoirs using NMR.
Both the mineralogical composition and diagenesis play a significant role in the creation
of the carbonate pore space. Recent studies suggest that diagenetic alterations can be
studied along with a carbonate rock texture (Fheed, Krzyżak, 2017). Typically, T2
relaxation time, defining the rate of hydrogen spins’ demagnetization with respect to the
plane perpendicular to the external magnetic field direction, is studied. As shown by the
obtained results, gentle T2 signal fluctuations, combined with the calculated amounts of
freely movable fluids (FFI), bulk-volume irreducible (capillary water, BVI) and clay-bound
water (CBW), allow for carbonate facies typing. Hence, textures such as wackstone,
packstone, grainstone, floatstone, rudstone or bindstone, can be predicted. Moreover, in
many cases, porosity types might also be recognized using NMR. For instance, the signal
corresponding to the dissolution vugs and cavernous porosity in reef rocks will show wider
T2 peaks, that any other porosity type (op. cit.). Fractures can be identified, as well. Due to
the molecular interactions between rounded and elongated pores, the thick fractures are
expected to form sharp, rapidly relaxing T2 peaks. The narrowest ones, in turn, will occur
towards longer relaxation times, as the signal from the rounded pores is significantly
shortened by the fractures. Finally, an elevated CBW might suggest chemical compaction
forms, or the presence of particular minerals (Fheed et al., 2016). Since both clay minerals
related to the stylolite seams (OH groups) and gypsum (bound water) contain hydrogen,
they influence the signal. Both components mentioned above relax extremely quickly. That
is why they should be studied using a typical spectroscopic approach, rather than NMR.
The research was funded by the NCBiR project No PBS2/A2/16/2013.
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Located on the Kola Peninsula, the alkaline ultrabasic Afrikanda massif, is situated in
a short distance of about 40 km north of the White Sea, on the southern shore of the
Imandra Lake. It has the form of a single hill with a few vertices. It is placed 35 km south
from Khibina and about 100 km east of Kovdor. The Afrikanda massif has a small area of
6.4 km2 (Pozhylienko et al., 2002 with references therein). The rocks from Africanda under
analyses are mainly pyroxenites and peridotites containing rare minerals such as perovskite,
knopite, schorlomite. There are also small amounts of carbonatites. The whole rock
complex is associated with primitive spots of hot magmas, which contributed to numerous
alkaline intrusions on the Kola Peninsula in the Devonian period. These rocks are
developed in the form of cumulates base with additions of residual crystallization, often
rich in trace elements. The petrological characteristics of the rocks suggest their origin from
the deep zones of the Earth.
The Afrikanda massif is the Paleozoic intrusion (dated for 364 Ma, Bayanova et al.,
2002) of about the same age as other intrusions in the area of the Kola Peninsula.
(Glebovitsky, 2005, with references therein; Huber, 2015). It is built of various types of
alkaline rocks, basic and ultrabasic, influenced by numerous secondary processes. In this
intrusion a rich carbonatite mineralization is present, including rare minerals rich in REEphases. Frequently, on the surface there occur the most weathering resistant grainy
pyroxenites with a magnetite ore, accompanied by calcite-amphibole-pyroxene rocks with
magnetite and perovskite (Fanasev, 2011 with references therein). Mineral associations
identified in this intrusion also occur in small amounts in other mountain ranges of alkali
present on the Kola Peninsula (Huber, 2015 with references therein).
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The crystalline rock complex located in the city of Murmansk is classified as the oldest
one of the Kola series (Bayanova, 2004 with references therein). Studied
parametamorphites were dated at 3.7Ga, by U-Pb method (Bayanova 2015, personal
communication). That places these rocks among the oldest in the Baltic Shield and on the
Earth. It is a multiple metamorphism rocks complex which was influenced by numerous
intrusive and ultrametamorphic processes. These rocks are the subject of new geochemical
analyzes in order to demonstrate their complex history and interesting mineralization
associated with a number of subsequent processes and secondary occurring in these rocks
Garnet-mica gneisses with plagioclases, quartz, sometimes sillimanite and a range of
accessory minerals are the object of the study. Samples of particular interest display
numerous secondary processes. Current plurality of phases such as pyroxenes, amphiboles,
micas point to processes replacing mafic minerals by various stages of metamorphic rocks.
Particularly interesting are the accessory minerals which can distinguish various types of
sulphides including pyrite, galenite and barite as well as several generations of apatite. Both
ordinary and apatite minerals rich in cerium occur. The latter indicate that crosscontamination of fluids was probably associated with hydrothermal processes, and
accompanied by numerous alkaline intrusions (Kogarko et al 1995, Huber 2015 with
references therein). In these rocks they are also seen numerous processes kinematic of
a disjunctive distribution and partly plastic. Underlined are the structures spindle-blasts,
and interference zones and lubricating microflexural highlighted by staurolite and micas.
These structures are present mainly in the areas of fault ruptures in the Kola region. The
presence of the processes under present description and numerous veins intersecting these
rocks indicate the advanced mobility during extensive history of the region.
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The paper is dedicated to a comparative petrological and geochemical study in city
centres of Lublin (Poland) and Lviv (Ukraine), taking into consideration the contamination
occurring there in building plasters (Birulova 2008, Huber, Mroczek 2012, Strilec,
Petrovska 2012). Field studies were performed with documentation and the sampling in
small amounts. The analyses were conducted in the microareas and the chemistry studied
by use of ICP-OES. Concentrations of the following heavy metals were studied: Fe, Cr, Cu,
Mn, Ni, Pb, Zn, Cd, Ti, As. Comparison of the summary results helped to determine the
degree of pollution in the cities under examination. The heavy metal concentrations varied
in respect to the metal type. Based on the research conducted, a general conclusion of
higher pollution in Lviv city in comparison to Lublin may be drawn.
Studies on the average metal contamination in the discussed samples show that,
compared to each other, Lviv is more polluted in case of iron, nickel, lead, cadmium,
titanium and arsenic, while Lublin for chromium, copper, manganese and zinc. It follows
that, in general, Lviv is more contaminated than Lublin, first of all in metals such as
arsenic, cadmium, lead, nickel and iron. The conclusions drawn from this comparison are
unequivocal and indicate the urgent need to preserve the environment in both cities,
however, with a greater emphasizes on Lviv.
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The tectonic mélange represents one of the numerous types of the chaotic complexes –
the sediments which display a lithology of “blocks in the matrix”. This term was introduced
by Jankowski to the Carpathian terminology in the 90ies of the 20th century (Jankowski,
1995), being very critically found and practically rejected by Polish geologists. Step by
step, however, other papers have appeared later on, presenting a similar type of
interpretation, as well as geological maps with distinguished chaotic complexes have been
gradually published (e.g., Jankowski et al., 2007 and references therein).
Many mélange zones were discovered in the Carpathians. They started to be an object
of mineralogical and geochemical studies focused on the relatively rich mineralization (e.g.,
Jarmołowicz-Szulc et al., 2005; Jarmołowicz-Szulc et al., 2012 & references therein,
followed by Leśniak 2015 & references therein). There exists a strong correlation between
the mineral enrichment and the tectonic mélange zones. The mineralization is connected
with different types of fluids migrating from the depth (Jarmołowicz-Szulc, Jankowski,
2011).
The combined mineralogical and geological studies in the mélange zones result in
following conclusions: - deep rooting of the mélange zones enables fluid migration from
the relatively high depth of the Carpathians, even from their basement; - that is the
explanation of the variability of the mineralization; - the mélange zones represent open
geochemical systems. Such systems enable both hydrocarbon (in that - leaks of oil) and
mineral waters’ migration. The repeating processes are connected with the re-opening of
the adequate systems as a result of the orogenic collapse events. However, it may be also
possible that the migration processes could have occurred earlier e.g., during the early
Oligocene extension.
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In early 60ies of the twentieth century when geochronology was entering its
development, the term “an absolute age” was introduced to the bibliography and to the
brains of people, being the contrary to the stratigraphic, “relative” age. The experience
shows that there is nothing absolute in geology in total, at the geological ages as well.
However, although many decades have already passed, the term “absolute” has been still in
use. That is why the present effort has been undertaken to erase this false meaning from the
field of geology.
The main methods of geochronology applied in the geological field to old and young
rocks are the K-Ar, Rb-Sr, U-Pb, Sm-Nd etc. techniques; methods like Lu-Hf and K-Ca
being less developed. In all these methods, the radioactive isotope and its decay product are
directly determined (Hurford et al., 1986). That requires the measurement of isotope ratios
using mass spectrometers, efforts on high precision of measurements combined with the
precision of the equipment. Two groups of dating techniques are in general developed. The
methods to determine young ages have been developed to date sediments, organic and manmade materials, whereas the magmatic and metamorphic rocks are the most suitable for the
determination of older ages. The range of dating changes from thousands to millions years.
The data interpretation quite often poses problems. When dating young sediments we
can think: What does an age mean: sediment deposition, early or late diagenesis, or a low
grade metamorphism? In case of the minerals from the magmatic or metamorphic rocks –
the general question is the same – what definitely we date? The same rock can have
different age values when you use different methods and its different components. Fission
track ages on apatite, zircon and titanite can be here a good example (Jarmołowicz-Szulc,
1984). Their ages are e.g., 94±7, 323±38, 487±43 Ma, respectively, in the same area and/or
rock. We deal with different clocks of course, so differences are not a surprise, but seeing
these differentiated data we clearly understand that the age has nothing absolute in itself.
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The aim of the presentation is to show the importance of basic studies in the search for
hydrocarbon accumulations. Oil and gas fields are usually built of rocks which display high
permeability and porosity and are sealed with not permeable rocks. That is why it is
important to conduct petrological studies in the search for hydrocarbon accumulations. In
those studies - fluid inclusion analyses in the rock-forming minerals are really significant.
These tiny portions of fluids may be studied in various rock samples from different wells
from selected oil and gas fields in Poland - the Łeba Block (offshore) and the BMB oil field
(onshore) (Jarmołowicz-Szulc, 2015; 2016; 2017), as well as in the wells of the Lublin
Basin (Tobin, 1991). The sampling was performed at the relatively high depth. Different
types of minerals revealed a presence of hydrocarbon (HCFI) and/or aqueous (AQFI)
inclusions, the differentiation of which is relatively easy to be checked by means of
fluorescence in the ultraviolet range. Results of microthermometric measurements
performed usually comprise the following information: eutectic, ice melting and
homogenization temperatures, that further give data on characterization of fluids trapped in
the minerals as well as the possible sequence of the mineral formation and/or fluid trapping.
Based on the results obtained, the character of basic two types of inclusions in the minerals
as quartz, dolomite, calcite, fluorite and anhydrite has been described (e.g., BMB field).
The discussion may be held in the context of hydrocarbon migration and accumulation in
the selected fields in Poland.
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The most famous in the world diamond deposits occur in South Africa. First discoveries
that had a casual character, took place in the second half of the 19th century in the
Kimberley region. The diamonds are referred there to the kimberlite pipes or, they are
present in the river alluvia in the secondary deposits.
Diamonds were formed in the upper mantle in the high p-T conditions and transported
to the surface by magmas, being deposited around craters due to lava explosions (Fontana
et al., 2011; Shirey et al., 2013). Surficial waters leached and transported diamonds further,
either to the crater or to the neighborhood. These processes have led to the diamond
production both from the deep and open-pit mines. The aim of the presentation is to show
two examples of diamond exploitation from the petrological and mineralogical points of
view. The most famous underground diamond mine is the “Big Hole” in Kimberley. It is
built of kimberlites (Fig. 1) in form of the pipe, where the diamonds are accessory. Olivine,
serpentine, phlogopite, perovskite and calcite are the main minerals present there. The
whole primary deposit structure is representative for South Africa and very interesting. In
its turn, the secondary diamond deposit, located between Kimberley and Douglas, is built of
conglomerates of alluvial origin concentrated in the Middle Oranje River (MOR) basin.

Fig. 1. Photomicrograph of kimberlite displaying a porhyric structure. Olivine phenocrysts
(Ol) are under alteration to serpentine (Ser) in the rock matrix built of (Ser), phlogopite
(Phl) and calcite (Ca); perovskite (Per); the Kimberley mine; transmitted light, A. one
polarizer, B. crossed polars.
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The lower Paleozoic organic matter of the Polish onshore area of the Baltic basin is
mostly assigned to several stratigraphic intervals as the Upper Cambrian, the Arenigian, the
Llanvirn, the Caradoc, the Ashgill and the Lower Llandovery. The organic matter occurs
mostly in fine-grained clastic rocks as siltstones, claystones and shales, in the carbonate
rocks as well. The rocks are dominated by a dispersed, marine origin type II kerogen
composed of planktonic graptolitic and algae remnants. The kerogen is mostly oil mature.
The western most basin sectors covered by late gas and overmature zones are the
exceptions. The total organic carbon (TOC) changes laterally and vertically and follows
lithological successions. The average values of TOC fluctuates from 1.6 to 7.4 wt. % and
affects rocks’ petroleum potential from poor to good. Generally, the enriched- and organic
matter-rich rocks have accumulated in a relatively shallow shelf basin dominated by the
low sedimentation rate and the increased biological productivity. The fast Silurian burial
rate was the cause that the kerogen was able to generate only minor hydrocarbon quantities.
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The Upper Badenian and Sarmatian sandstones in the Carpathian Foredeep have been
investigated for many years from the petrological, mineralogical, geochemical and
petrophysical points of view (e.g., Jarmołowicz-Szulc et al., 2015 and references therein).
The sandstones, in both parts of the Carpathian Foredeep, represent subarkosic and
sublithic arenites and wackes. Quartz, feldspars, lithoclasts and micas are the main
components of the rock. The content of quartz in both areas is comparable, while the
amount of feldspars, lithoclasts and micas is higher in the rocks in the Polish part. Among
the lithoclasts, the fragments of sedimentary rocks definitely prevail over the fragments of
metamorphic and magmatic rocks. The type of rock fragments in both areas shows
a variability. The content of bioclasts, organic matter and accessory minerals is comparable
in both areas. In the sandstones, there is also glauconite, the content of which is much
higher in the part of the Ukrainian basin. Ooids are observed only in the Polish area. The
grain material in sandstones is bound by a matrix and a cement, which occur in varying
amounts, independent from the localization. The carbonates (calcite, dolomite, siderite,
rhodochrosite), quartz and authigenic clay minerals (kaolinite, chlorite, illite) are the most
important cements. Two types of calcite occur - microcrystalline and coarse crystalline (Fecalcite). The calcite 87Sr/86Sr values, only from the Ukrainian area, varies in range
0.708661–0.709255. Mainly single-phase fluid inclusions have been observed in the coarse
crystalline calcite, suggesting a crystallization temperature of about 50°C. The higher
amounts of dolomite and ankerite are found in the Ukrainian part. The dolomite δ18O and
δ13C values are respectively: from about -8.2 to -1.7 ‰VPDB and from about -0.59 to 2.1 ‰
VPDB. The siderite and rhodochrosite occur in subordinate quantities and only in the Polish
part of the foredeep. The quartz cement creates partial or complete syntaxial overgrowths
around the quartz grains. The pyrite and authigenic feldspars occur in the small amounts.
The sandstones from the Polish part of the Carpathian Foredeep are characterized by
higher amount of the pore space in the rock as compared to the Ukrainian part. Their
porosity is up to 30%, and up to 20%, respectively. The sandstone in both studied areas
have a similar diagenetic history. The compaction and cementation have caused the
reduction of sandstone porosity. These processes had more negative impacts on the
sandstones in Ukrainian area than on those from Poland.
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The Lower Triassic in the Warszawa - Łódź trough represents the eastern part of the
Central European basin, where sediments of very shallow continental-marine environments
were deposited in the very dry climate conditions. The red-brown claystone-mudstone
deposits, massive or laminated, with sandstone interlayers, are predominant there,
carbonate rocks being subordinate. The preliminary petrographic research has been
conducted on the samples from the following boreholes: Gradzanowo 2, Nadarzyn IG 1,
Wilga IG 1, Magnuszew IG 1, Warka IG 1, Zgierz IG 1, Konary IG 1.
Arenites, less frequent quartz and subarkosic, and sporadical sublithic, wackes were
distinguished in the sandstones. They are fine-grained rocks which display a differentiated
degree of packing of detrital material. Quartz, potassium feldspars and plagioclases are the
main components of the grain fabric. The sublithic varieties are enriched in lithoclasts of
the magmatic and/or sedimentary origin.
Mudstones display aleuritic, aleuritic – pelitic or, less frequent, aleuritic – psammitic
structures, and mostly directional textures. They represent quartz or, less frequently,
subarkosic wackes. The enrichment in micas is characteristic. The cements of the
mudstones are clayish – ferrouginous or clayish – carbonatic in composition.
Claystones display pelitic– aleuritic or, psammitic – aleuritic structures. Illite is the
main component, less frequent - montmorillonite or kaolinite. The rocks contain an
admixture of the carbonatic micrite, too. Weakly rounded quartz grains, and sporadic
feldspars are the aleuritic or psammitic admixture. Dolomitic – calcareous spheric forms
were observed in the claystones.
In the study area, limestones are represented by microsparitic varieties with a distinct
content of bioclasts, ooids and the detrital material.
The Lower Triassic rocks, from the south – eastern part of the Warsaw basin were the
study object aiming at their reservoir-sealing features as the potential horizons for the
underground carbon dioxide storage (Wójcicki et al., 2014 and references therein). Five
horizons have been distinguished there, with a predominance of the sandstones. The
reservoir character of the rocks has been already analyzed and will be studied in the future.
References
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It can be said that petrography is one of the "forgetful" research methods. "The classic
petrography" focuses mainly on the grain framework of cements and rock classification,
with little space devoted to diagenesis. Petrographic studies conducted for the purpose of
exploration of oil and natural gas deposits have been overestimated, the most important of
which are cements, diagenesis processes, particle skeleton and rock classification.
Paraphrasing can be said that "classic" petrographers are interested in grains, while the
petrographers of oil - mainly in pores. Unfortunately, the petrographic studies are currently
being performed as a supplement to the mineralogical research, usually on a few samples.
These studies focus on the rock classification, cement description and complementary SEM
studies involving porous minerals. Practically no diagenetic processes are analyzed. The
use of petrography in oil exploration (analysis of sedimentary basins) is clearly
underestimated. This may be due to the lack of information from the interpreters, or from
the low percentage of petrographers in the decision-making centers. Below I will try to
explain what kind of petrography should be used in oil exploration. The modern
petrography is not just a microscope - for more than 20 years petrography other
instrumental methods have been at use. These include scanning microscopy (with various
probes to assess both chemistry and mineral composition, porosity), cathodoluminescence
(cold and hot), fluid inclusion analyses and the computer analysis of microscopic image. Of
course, the appropriate set of research methods should be chose for solving the problem.
The petrography is used practically at every stage of the exploration work, starting from
cartographic works; sedimentological analysis; description and classification of rocks;
history of diagenesis and diagenetic processes; isotopic analysis of cements; determination
of maximum temperatures associated with sedimentation, used in modeling of sedimentary
basin history; analysis of hydrocarbon migration; analysis of pore space development;
compaction and cementing curves based on diagenesis (sedimentation models); impact of
drilling and stimulation fluids on rock.
Looking at the above presented list, it is worth to consider why so little petrographic
research and more is being done and used in oil exploration. Is it just an ignorance of the
applicability, or recognition that we already know everything. Perhaps the problem
corresponds to the understanding the meaning of the potential data by the so-called
computer geologists. The problem for most geologists is probably to "consume" the results
of laboratory research and to interpret analyzes from different geological fields (e.g., the
combination of the results of sedimentology with petrophysics, geomechanics,
geochemistry, petrography etc.). Let us hope this is only a temporary computer-based
hysteria, and the further development will force people to return to laboratory research not
only to solve the problems that arise in the field, but also at all stages of exploration.
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“The mountain leather” – characterization of the palygorskite
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In a village named Kochanów, located in Lower Silesia, the occurrence of a mineral
from the layer-ribbon silicates group – the palygorskite was recognized. Field studies and
X-ray analyses were conducted to identify minerals from the newly discovered occurrence
and to compare two forms of palygorskite occurrence in the vicinity of Kochanów.
In the section of rocks cropped out near the Kochanów village, the clastic-carbonate
complex of the Permian beds was observed. Field studies conducted have expanded the
data base of known palygorskite positions and include new locations. The palygorskite is
developed as a typical “mountain leather” occurrences in central parts of rock crevices
filled with a detrital clay material. Sometimes, it takes the form of a massive, fine-grained
aggregate, constituting a monomineral vein. The X-ray analysis confirms that both forms of
palygorskite are the same mineralogical variety. Also the field works confirmed that
palygorskite crystallization has taken place after the complete filling of the veins with the
clastic clay material. The described palygorskite occurrence has a mineralogical importance
– it cannot be treated as a clay deposit, which is suitable for production.
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Ceramic research of palygorskite raw materials from the deposit
in Attapulgus (Georgia, United States)
Marta MICHALSKA1
1

University of Warsaw, Faculty of Geology, Institute of Geochemistry, Mineralogy and Petrology,
ul. Żwirki i Wigury 93, 02-089 Warszawa; e-mail: marta.magda.michalska@gmail.com

Palygorskite clays from Attapulgus, Georgia have been tested for mineral composition
and the basic ceramic parameters. Also X-ray analysis and scanning electron microscope
(SEM) research were performed. The laboratory work was focused on searching for
potential new directions in the attapulgite clay applications.
The palygorskite and smectites, quartz, carbonates and a small admixture of other
minerals are the main components of the attapulgite clay deposit. To obtain a plastic body
with a required consistency, more than 50% of make-up water was needed. The obtained
ceramic materials, fired in temperatures of 900˚C, 1000˚C, 1100˚C and 1200˚C, have a high
shrinkage in drying and also a high shrinkage in firing. The water absorption trend is
decreasing in the range of firing temperatures between 900-1100˚C, from a value of 23%,
down to 3.68% – giving a sintered material in 1100˚C. At temperatures of 900˚C and
1000˚C were obtained porous ceramic materials. High bending strength (up to 70MPa for
ceramic material fired at 1100˚C), increasing with an increasing firing temperature, is also
a characteristic feature. It is noteworthy, that a strongly intumescenced material was
obtained at the temperature of 1200˚C, with a total deformation of the shape given by
moulding, and with melted outer surfaces of the articles.
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Troublesome or diagnostic, inherited zircons in the course of U-Pb
age studies of igneous rocks and porphyry mineralization from the
Małopolska Block
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Inherited or zircon xenocrysts have been considered to be a troublesome component of
U-Pb database because they hinder the precise estimation of the emplacement age of the
intrusive rocks. In the most cases, they are radically excluded when calculating the
weighted mean age without additional detailed considerations. On the other hand,
a growing number of geochronological investigations have shown that the inherited or
xenocrystic zircons may record some valuable information, which can help to reveal e.g., a
specificity of local tectonic features hidden in the deep continental crust, or recreate crustal
evolution of the studied area.
All U-Pb isotopic results reported here were collected on the Sensitive High Resolution
Ion Microprobe II enhanced MultiColector SHRIMP IIe/MC instrument at PGI-NRI, Warsaw
as a part of geochronological studies of igneous rocks and porphyry mineralization from the
Małopolska Block in the period of 2016-2017. In order to control the stability and accuracy of
the instrument of all sample collection, the same reference materials were analyzed (Temora
2, 206Pb/238U= 0.06683 with age 206Pb*/238U 416.78 ± 0.33 Ma and 91500, with concentration
206
Pb/238U = 0.17917 with age 207Pb/206Pb 1065.40 ± 3 Ma). Moreover, in case of inherited
grains the use of cathodoluminescence (CL) images was crucial. These images reveal discrete
zircon growth phases and an inherited zone. The observations were conducted on the
HITACHI 3500 Scanning Microscope with the CL system.
The inherited zircons – in other words, the grains significantly older than those of main
igneous population, have been recovered in half of the examined samples from the
Małopolska Block, in the area between Myszków and the Będkowska Valley. The number
of xenocrysts in each sample concentrate oscillates from 1-2 (from total 25-20) to 8 (from
total 33) grains, which represents 6 - 24% of examined zircons. The rocks from which the
inherided grains are extracted are lithologically diverse. They represent diorite granodiorite, porphyry, rhyodacite, and lamprophyre composition. The age of inherited
zircons ranges from 414 ± 8 Ma (with a discordance of 2%) to 2,543 ± 98 Ma (with
a discordance of + 7%). The dominant group (> 50% of inherited grains) reflects the
Caledonian and Cadomian ages with a cumulative of approximately at 410 Ma and at
620 Ma. Two further groups are represented by Paleoproterozoic population with a peak at
~ 1,880 Ga and a Mesoproterozoic with an accumulation at 1,250 Ga. These age groups in
most cases can be considered as the magmatic crystallization age. The ages of inherited
zircons provide an evidence of the pre-existing continental crust in the region. That is
a powerful tool to trace deep crustal architecture.
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Calcite as an indicator of hydrothermal activity in the Pepper Mts.
(the Holy Cross Mts.)
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Thermal maturation of sedimentary rocks of the Pepper Mts. Shale Formation – PMSF
(the Holy Cross Mts.) was interpreted as resulting from diagenesis (Przewłocki, 2000),
hydrothermal activity (Naglik et al., 2017), or metamorphic alterations (Salwa, 2006).
According to Naglik et al. (2017) there were a few episodes of fluids discharge, while
calcite represents the oldest one. Raman spectra of dark, solid inclusions entrapped in
calcite crystals show board bands in the range characteristic for carbonaceous material
(CM). Those are: 1000-1800 cm-1 (first order region) and 2500-3000 cm-1 (second order
region), respectively. Within the first order region the band of 1245 cm-1 could be easily
distinguishable, what correspond to the moderately matured organic matter (Kouketsu et
al., 2014). CM from the solid inclusions probably underwent alteration under temperatures
conditions characteristic for medium hydrothermal systems. The presence of thermally
altered CM could be also considered as an indicator of hydrocarbons migration pathways.
The recent fluid inclusion microthemometric analysis confirms the existence of the
hydrothermal activity in the area. The aqueous fluid inclusion (AQFI) data point to low
saline fluids responsible for the calcite formation, the chemical systems of which display
eutectic temperatures from -32 to -38°C. The homogenization temperatures for AQFI in the
calcite studied are between 180-220°C, the higher values being those of primary and/or
pseudosecondary inclusions. In terms of NaCl equivalent, the fluids display low salinities
of about 4-6 wt.%. Generally, in the wider discussion some similarities of the parageneses
in the Pepper Mts. to those described in the Carpathians may be observed (JarmołowiczSzulc et. al., 2012).
This work was supported by AGH University of Science and Technology projects no.
11.11.140.319 and 11.11.140.320 (Raman). Fluid inclusion measurements were performed
in the PGI-NRI.
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Rock Salt with strontium in the Wieliczka Salt Mine in new light of the
mineralogical research
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A pale brownish strontium-rich salt rock (Prochazka et al., 1969) was found near the
Franciszek Müller gallery, in chambers of the 3rd level of the Wieliczka salt mine. The
explored complex of rock salts occurs within a large seam, approximately 15 m thick.
A detailed research revealed that the salt is formed like a block, similar to other blocks of
green salts, well known in the upper part of the deposit. The presence of mineral celestine
(SrSO4)A is a characteristic petrographical feature of the pale brown rock salt. This
strontium mineral was re-examined using X-ray powder data, chemical analysis ICP and
scanning microscope observations with EDS analysis.
Crystals of celestine were observed in two forms: elongated platy crystals, which form
fan-shaped aggregates, and granular aggregates, which are strongly connected with the
anhydrite. The investigated rock salts exibit the following mineral composition: halite
(main component), anhydrite, celestine, calcite, gypsum, clay materials, iron compounds
and small amounts of bitumen. The high strontium content in terrigenous sediments and the
insoluble part of the salt, usually corresponds to the needle shaped aggregates of celestine,
developed on concentrations of the carbonate and sulphate. No barium minerals were
observed.
The development and the paragenesis of minerals suggest a post-sedimentary origin of
the rocks under discussion, that may be connected with diagenetic processes. The
transformation of fine crystalline anhydrite into platy crystals, the recrystallization and
transformation of gypsum and anhydrite, a partial disappearance of the zonal structure of
halite as well are the important observations that confirm this thesis. The physico-chemical
alteration of gypsum and anhydrite was first of all a main source of celestine, carbonate
concentration and primary accumulation of strontium as a result of evaporation process as
well.
This research has been financially supported by AGH University of Science and
Technology, grant 11.11.140.320.
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The present research is an interdisciplinary work that combines analytical methods used
as standard in geology and archeological material.
Early Middle Age coins were found in the cemetery, examined in Slawinek (district of
Lublin, position 1-2), and are represented by silver denars dating back to the 11th century.
They are preserved in different state, some of them are cut, deformed and/or corroded. The
coins discovered in early medieval graves are often referred to as "Charon's obol" (e.g.,
Wachowski,1992, Kurnatowscy, 2002) and treated as intentionally inserted into the grave
(Zoll-Adamikowa, 1971). Study methods applied for the present research comprised the use
of polarized optical microscope and the scanning microprobe with EDS.
The coins were examined with a polarized optical microscope that resulted in
determination of their heterogeneity, different degrees of corrosion and the scratching of the
surface. Microscopic studies obtained with a scanning electron microscope with the EDS
additive showed that silver has been found in many of the studied coins with numerous
admixtures. The coins differ among themselves in terms of quality and quantity. It has been
found that metals were added deliberately to obtain the alloy of suitable properties and
values, some of the dopants could have also served to increase the efficiency of the process
of obtaining the alloys, and finally, the dopants indicating the nature of the ore and the
metals added to counterfeit the value of the coins. The analyses carried out are of a pilot
nature and show a great variety of investigated coins coming from a very similar period.
The results are a proof that petrological and mineralogical tools may also serve other
scientific disciplines.
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Deformation bands are tabular tectonic microstructures that are mainly hosted in porous
granular rocks. In sandstones, they comprise a wide range of microstructures: from
compaction deformation bands showing no grain cataclasis to strongly cataclastic
deformation bands. The latter may show recrystallization of crushed grains. In rocks
deformation bands can affect fluid flow. For this reason detailed petrophysical analyses
provide data about their impact on reservoir quality of rocks.
Studies to determine the effect of deformation bands on sandstone permeability have
been conducted in Western Outer Carpathians flysch rocks using Nuclear Magnetic
Resonance (NMR) methods. The NMR measurements were supplemented by microscopic
and SEM/BSE observations of thin sections as well as by permeability measurements.
These analyses were performed on the deformation bands obseved in medium-grained
arenites collected from the Magura and the Silesian units.
The 1H-NMR measurements were carried out on water-saturated cylindrical plugs using
the 2MHz Magritek Rock Core Analyzer and 24MHz Tomography System. The pore size
distribution of the cores was quantified using the T2CMPG experiments. Geometry of
deformation bands was determined by applying Magnetic Resonance Imaging e.g. the 2D
and 3D Single Point Imaging techniques.
The studied deformation bands show a strong diversity in respect to the intensity of
grain cataclasis. However, in all studied microstructures the grain size is reduced relative to
the host rocks. The spatial imaging was only possible for the deformation bands where the
strong cataclasis has caused the reduction of porosity within the zones of deformation. The
obtained results show that these bands form a barrier to the fluid migration across
microstructures. Nevertheless, in some samples, the zones of higher porosity adjoining the
deformation bands were noted. They are interpreted as microfractures responsible for an
increase of permeability along the deformation bands.
This research was supported by AGH Statutory Grant 11.11.140.322, NCBiR project No
PBS2/A2/16/2013 and NCN project No 2012/07/B/ST10/04318.
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The present paper shows the results of studies conducted on oxide and sulphide
mineralization from the rocks of the Suwalski anorthosite massif and the rocks of its cover.
The analyses were carried out on samples taken from cores from selected boreholes
located in the areas of the Udryń and Krzemianka deposits, and in the prospective areas of
Jezioro Okrągłe and Jeleniewo. The paper describes the ores in the rocks and the
interrelations between the polymetallic mineralization and individual components of the
rocks belonging to the tested sections. On the basis of research material, in form of
microscope samples and polished samples of cores, full mineralogical, petrographic and
geochemical analyses of the rocks were conducted.
The rocks studied were previously the research object during the planning of the
Suwałki Iron Ore Region in the 60s and 70s of the 20th century. As a result of these studies,
two deposits of Krzemianka and Udryń were designed. These deposits have a lenticular
structure and are cut by a net of granitoid veins. The main ore levels are located 1200 m
below the surface level. The titanium-magnetite, ilmenite and sulphides: pyrite, pyrrhotite,
chalcopyrite are the main ore minerals. After the ore processing, magnesium, ilmenite and
vanadium metallurgical concentrates can be obtained. The Fe-Ti-V ore is documented in
the reserves of approximately 1.5 million tones.
Fe-Cu-Co-Ni sulphides occur in the ores and the rocks surrounding them. This
mineralization is abundant and it has a great variability of composition and forms.
Sulphides represent from 1 to 4% of the rock volume. Chalcopyrite, pyrrhotite, cubanite,
pentlandite, sphalerite, bornite, chalcocite, and millerite are most commonly observed
(Wiszniewska, 1993). These minerals coexist with oxides in the form of common
aggregates, or they form monomineral aggregates. The most frequent forms of occurrence
corresponds to the ejaculation, interstitial de-mixing or fillings. The sulphides are often
accompanied by small concentrations of rare earth minerals. The polymetallic
mineralization in the rocks of the Suwałki massif is characterized by a high variability of
composition and forms of occurrence. The Fe-Ti oxides with vanadium and the Fe-Cu-CoNi sulphides are co-genetic with anorthosites and norites which build the massif. The ore
minerals occur in the form of local veins, nests and massive concentrations as titaniummagnetite with ilmenite and are scattered in the rock as hematite-ilmenite with magnetite.
References
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The Suwałki anorthosite massif is a part of the magmatic band known as the Mazurian
complex. These rocks belong to the igneous rocks of AMCG type [anorthosite - mangerite charnokite - granite]. They are associated with tectonic structures of deep rifts in the earth's
crust. The Suwałki massif occupies an area of 250 km2 (Wiszniewska, 2002 and the
references therein). Its central part is built of anorthosites surrounded by rings of norites
and gabbronites.The massif is characterized by magnetic and gravimetric negative
anomalies.
The sulphide mineralization was for the first time described and documented in AMCG
rocks Suwałki massif during drilling works in two deposits: Krzemianka and Udryń.
The titanomagnetite accompanied by ilmenite are the predominant ore minerals in the
rich ores of Fe-Ti-V deposits. In the ores and rocks surrounding them, Fe-Cu-Co-Ni
sulphides occur in large quantities. The relationships between the ore and sulphides depend
on the type of the rock in which they appear. The dominating Fe-Cu sulphide
mineralization is characterized by a great variability of composition and forms. They
coexist with oxides in the form of common aggregates. The minerals from sulphide-oxide
aggregates are very often hipautomorphic or xenomorphic. Many of sulphides also occur as
inclusions and interstitial fillings. They represent 1 to 4% of the rock volume. Besides the
chalcopyrite and pyrrhotite, sulphides such as cubanite, pentlandite, sphalerite, bornite,
chalcocite, and millerite are most commonly observed. Many of sulphides also occur as
ejaculation, interstitial demixing. The sulphide minerals are often accompanied by small
concentrations of rare earth elements minerals.
The highest concentration of Fe-Cu-Ni-Co sulphides was observed in hydrothermally
variable zones. The dispersed sulphide mineralization is associated with ore zones located
at 1200 m below surface level. The main ore minerals at that depth are titanomagnetite and
ilmenite accompanied by sulphides as: pyrite, pyrrhotite and chalcopyrite.
The analyses were carried out on the samples taken from selected borehole cores
located in the areas of the Udryń and Krzemianka deposits.
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Sulphur isotope studies of sphalerites from the Zn-Pb ore deposits
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Earlier studies on genesis of MVT Zn-Pb ore deposits in Poland reveals bulk sulphur
isotope values of δ34S ranging from +38 ‰ to -32 ‰ (Leach et al., 1996) for various
sulphide minerals. However, microscale (μm) variations in sulphur isotopic ratios obtained
by in situ analysis of sulphur-bearing minerals provide information on the details of
mineralizing process that cannot be resolved from bulk δ34S data retrieved with
conventional IRMS method (Mikulski et al., 2016). In this study the in situ fine-scale
sulphur isotopic variations within single sphalerite grain were determined using SHRIMP
IIe/MC ion microprobe. The research was conducted in order to develop a genetic model of
Zn-Pb ore mineralization, that refers to diverse textures observed in sphalerite.
Investigation was carried out on 6 samples from different archive drill cores which
documented Zn-Pb ore deposits. The standard used in this study was NBS 123 sphalerite
(δ34S= +17.09 ±0.31‰). Sulphur isotope ratio in sphalerite was determined in using Cs+
primary beam focused to spot about 20 μm diameters. Analysis result were given according
to Vienna Canyon Diablo Troilite (VCDT) z δ34S = 0.0‰. Analytical results from over 100
spots range from δ34S from +25.32 ±0.12‰ to -7.38 ±0.12‰ (sample Z12, average 5.27
±4,2‰). Such a wide range is detected only in 2 samples Z12 and TN323 (TN323: δ34S
from +21.6 ±0.05‰ to -7.02 ±0.08‰, average 3.87‰). In other samples, the sphalerite
grains are more homogeneous and δ34S variation is lower, as an example sample TN243:
δ34S from +3.21 ±0.13‰ to -2.06 ±0.09‰ (average 0.53 ±0.26‰) and sample TN297: δ34S
from +4.39 ±0.03‰ to -1.04 ±0,10‰ (average 1.87 ±0.29‰). The application of in situ
sulphur isotope ratio microanalysis in sphalerite allows characterization of a variable nature
of the mineralizing hydrothermal fluids. The present average δ34S values vary from +0.53‰
to +7.86‰, which is consistent with the results obtained by conventional method. Values of
δ34S within the single sphalerite grain varying from -1.47‰ to +6.97‰, indicate
a fluctuation of physic-chemical properties of fluids responsible for Zn-Pb ore
mineralization.
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Geologically, the abandoned polymetallic Radzimowice deposit is located in southeast
part of the Kaczawa metamorphic complex. The primary mineralization which consists
mainly of: pyrite, arsenopyrite, chalcopyrite, gold, sphalerite, galena, marcasite,
boulangerite, bournonite etc. is situated in the southern part in epimetamorphic quartzsericite slates with inserts of graphite (the Radzimowice slate) and in the northern part in
epimetamorphic chlorite-sericite slates (the Chmielarz slates). In these metamorphic rocks
there occur intruded subvolcanic rocks, the crystallisation age of which is reported as
312 Ma (Mikulski, 2007). The primary mineralization consists mainly of sulphides, which
are not stable on the earth surface, and weathered. Among various secondary minerals in
the Radzimowice deposit ferrihydrite, goethite, schwertmannite, posnjakite, chrysocolla,
langite, melanterite are most frequent (Siuda, Kruszewski, 2012). These weathering
minerals are very important because they incorporate heavy metals in their crystal structure
and immobilize these elements harmful for the environment. During the weathering of
primary minerals, some amounts of Cu, Zn, Pb, Ba can released into environment that
results in higher concentrations of those metals in pedosphere. The main target of present
investigation is the characteristic of the weathering zone. The weathering minerals and soils
samples were collected from south and east slopes of the Żeleźniak Hill in the
neighborhood of Arnold and Louis shafts. The chemical composition of hipergenic
minerals was identified by use of SEM-EDS and determination of trace elements (Zn, Pb,
Cu and Ba) performed by XRF and MIP-OES. Increased concentrations of Cu, Si, Al, Fe,
K, S and Ca have been noticed in the chemical composition of secondary minerals under
analysis. Although the primary ore vein contain arsenopyrite, the arsenium was not found
in the secondary minerals and soil samples. The secondary mineralization investigated is
composed of copper, iron aluminosilicate with sulphates. The average chemical
composition of soils reveals higher concentrations of trace elements (Ba, Cu, Zn and Pb) in
< 0,063 mm fractions. Among the metals mentioned above, the highest average
concentration is presented by Pb. Determinations of trace elements by XRF revealed
significantly higher concentrations than those determined by MIP-OES.
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Salt dome cap-rocks are integral and important parts of the salt bodies. Their genesis is
strictly connected with dissolution processes of salt series during the development of salt
domes. The cap-rocks are mostly composed of less soluble minerals i.e., gypsum,
anhydrite, clay minerals, calcite, dolomite and others, which commonly occur as impurities
in salt rocks. In the Kłodawa salt dome cap-rock the organic matter (OM) was found within
the gypsum and the anhydrite. It occurs in three forms. The first form consists of small (up
to a few microns) inclusions in gypsum crystals. The second form of OM is the finely
dispersed matter at the boundary of gypsum crystals or others minerals (in microscopic
image in the transmitted light it shows darkening of the image). Particles of pure OM are
the third manner of occurrence. Their shape varies from highly elongated, irregular to the
lenticular while the size - from 10 to 50 μm.
The Raman spectroscopy for all forms of OM reveals two distinct bands ~1600 cm-1
(GL band) and ~1350 cm-1 (D1 band) within the range 1000-1800 cm-1. Such a line-shape
of Raman spectrum points to the slightly ordered inner structure of OM as a result of
thermal maturation (Kouketsu et al., 2014, Lahfid et al., 2010). For the OM in inclusions
and finely dispersed matter the Raman spectra show some variation in the line-shape. This
variation manifests by highest of the saddle between the GL and D1 bands as well as the
slope of the left shoulder of the GL band (range 1600-1800 cm-1). In general, the particles
of OM show much less variation. In some samples were found also particles with additional
bands and other type of Raman spectrum line-shape, indicating much more ordered OM
structure and influence of higher temperature (Kouketsu et al., 2014, Lahfid et al., 2010).
OM is strictly associated with such minerals as: anatase, rutile and pyrite. Both OM
Raman spectra line-shape as well as titanium minerals are very good indicators of thermal
transformations and influence of hydrothermal solutions that migrated trough the cap-rocks
(Parnell, 2004). The presented study results very well support previous mineralogical and
fluid inclusions investigations of various kind of salt rocks in the Kłodawa salt dome
proving thermal influence on salts (Wachowiak, Toboła, 2014, Toboła, 2016).
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Geochemistry of the Permian “zuber” rocks in Poland
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The term “Zuber” means a specific salt rock, built of halite and water insolubles (15%
to 85%) composed mainly of terrigenic material (Łaszkiewicz, 1967). Such rocks occur
mainly within the late Permian (Zechstein) succession in the Polish Lowland and were
distinguished within the PZ3 and PZ4 cyclothems as individual formations and members
(Wagner, Peryt, 1997). Detail geochemical studies on the zuber rocks were carried on in
two zuber units: the Brownish (Na3t; PZ3 cyclotheme) and the Red zubers (Na4t; PZ4
cyclotheme), sampled in two salt diapirs (Kłodawa and Mogilno), and in sections of 14
wells. The studies resulted in geochemical characteristics.
The deposits of the Na3t unit in the Kłodawa diapir have a higher content of halite
comparing with the Na4t unit. Those latter deposits contain more terrigenic material (the
detritic and clay matter) and they are characterized by higher average contents of SiO2,
Al2O3, Fe2O3 and K2O, being enriched in Mn, Rb, Zn and Zr comparing with the Na3t
succession.
The rocks of the Na3t unit in both diapirs display higher average contents of CaO, MgO
and Sr than the deposits of the Na4t unit mainly due to their higher content of Ca and Mg
carbonates (dominant magnesite) and subordinately – of calcite and dolomite.
The bromine content in Na3t profiles in both diapirs is higher than that in the Na4t
deposits and it is characteristic for primary chlorides precipitated from marine brines. Such
a bromine concentration was registered only in same parts of the Na4t succession. The
bromine content <40 ppm observed in some rocks of the Na4t profile suggests that
chlorides are mixtures of primary and secondary types, produced by recycling (dissolution
and precipitation) of earlier accumulated marine salts.
The bromine content in the zuber sections sampled in the boreholes is close to their
equivalents studied in both salt diapirs. Depositional environment of the zuber deposits
evolved from a marine basin (profile of Na3t unit and the lower part of Na4t profile) to the
continental saline lakes (the upper part of Na4t succession), which trapped the terrigenous
material and chlorides precipitated mainly from the secondary (recycled) brines.
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The stratiform copper deposits, e.g., the cupriferous sandstone and shale Udokan,
Jezkazgan and Lubin – Głogów Copper deposits have been known as fairly large and
unique. The common features of these deposits correspond to the association with
variegated formations; the occurrence within negative geological structures; the uniform
morphology of the ore bodies; the adequacy of the secondary alterations of ores and their
host rocks, the multi-stage formation of mineralization as well. Some dissimilarities
between these deposits are the case; e.g., different geological age; tectonic setting for their
formation; diverse lithological types of rocks and facies; varying metal contents in the ore;
differences in the structure of ore-bearing strata.
In the Polar Urals, Western Arabia and elsewhere in the world, it is reasonable to link
mineralization with the activity of rift structures, where hot mineralized brines and
solutions were transported. In some zones, the ore substance was supplied from the marine
or lake water, e.g., in the south of the Siberian Platform. In the Kodar-Udokan zone, the
mineralization of the Chiney subseries is associated with at least two sources: the area of
transport from the metamorphic Archean complexes and the volcanic exhalations. The
record reports that at some deposits, rich ores were produced by the disseminated
mineralization of host rocks. However, some authors believe, that metals might have
arrived from the oil-and-gas fields or evaporates.
The formation of cupriferous sandstone and shale deposits are hydrothermal-magmatic or
hydrothermal-sedimentary types. They constitute a great bulk in the overall copper reserves
both in Russia and abroad: as large as 20 % of total copper reserves of all genetic types.
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Garnet and tourmaline of the Permian and Triassic sedimentary rocks
(North-Sudetic Synclinorium, SW Poland) as provenance indicators of
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Heavy minerals are a valuable source of knowledge about the provenance and
distribution of terrigenic material. In this study garnets and tourmalines were chosen for
a complex analysis due to weathering resistance and common presence asaccessory
ingredients in sedimentary rocks. Main goal of the study is an estimation of provenance of
the detrital material collected from the Permian and Triassic sedimentary rocks of the SE
part of the North-Sudetic Synclinorium.
The Triassic carbonate samples were collected from the limestone quarry in
Raciborowice Górne. The Permian and Triassic sandstone specimens were collected from
exposures in Nowy Kościół, Lwówek Śląski, Raciborowice Górne, Sędzimirów and
Świerzawa. After disintegration, dissolution and test sieving 125-63 μm fraction was used
for heavy mineral separation. Geochemical analyses were conducted using electronmicroprobe CAMECA SX 100.
Garnets were divided into 5 groups varying significantly. The most abundant are garnets
of group I - Alm91-68,5Prp28-7,5Gr8-1, II Alm68,5-49Prp47-21Gr10-0,5, and III Alm71,5-48Prp3111,5Gr37,5-10,5, the least common are grains enriched with spessartine (IV Alm74-53Prp13-4,5
Sps39,5-20) and grossularite (V Alm17-2Prp0,4-0,3Gr97,5-83). Most of tourmalines belong to alkali
group. The most frequent are dravites and schörles. Only few grains appear to be the foitites
and uvites.
The group I garnets are typical for gneisses, migmatites and mica schists (Budzyń et al.,
2004). Group II are characteristic for HP felsic granulites (Janoušek et al., 2007), group III
for mafic granulites, metabasites, amphibolites and eclogites (Kryza et al., 1996).
Spessartine garnets can be found in such an exotic rocks as skarns and rodingites and
grossularites in erlanes and amphibolites (Bolewski, Manecki, 1993, Biernacka, Józefiak,
2009). Tourmaline analyses were plotted on the Henry & Guidotti’s (1985) ternary
diagram. It showed that most of the analyzed grains are typical for metasedimentary rocks
and subsequently for granitoides. Rocks denoted above are present i.a. in the Góry Sowie
Massif what combined with geochemical data comparison makes it the most likely source
area at this stage of research.
Funding: NCN 2014/13/B/ST10/02102 (head of research project:
Linka).
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A secondary product of organic matter maturation called a solid bitumen can occur in
source rocks rich in the organic matter. The presence of indigenous bitumen confirms
a hydrocarbon potential of source rocks and indicates the organic matter mature to generate
hydrocarbons.
The aim of the present study is to characterize and classify solid bitumen using incident
light investigation and to assess a degree of bitumen maturity. The petrological
investigation of solid bitumen was performed on 15 claystone samples from the Menilite
beds and 9 samples from the Krosno beds. All samples were collected in the Skrzydlna
Thrust Sheet and the Mszana Tectonic Window located in the central part of the Outer
Carpathians. Microscopic analysis in reflected white light and fluorescence mode enabled
recognition of two types of bitumen: homogenous and granular. Reflectance measurements
were carried out on the homogenous bitumen. Bitumen reflectance values range from 0.31
to 0.61% and 1.42 to 1.76%, respectively.
Based on the reflectance data, the homogenous bitumen occurring in the Menilite beds
from the Skrzydlna Thrust Sheet should be concerned the pre-oil solid bitumen (Curiale,
1986), grahamite (Jacob, 1989), or the solid bitumen (Landis, Castaño, 1995). In its turn,
the bitumen dispersed in rocks from the Mszana Tectonic Window could be named epiimpsonite (Jacob, 1989), or pyrobitumen (Landis, Castaño, 1995). The identification of
bitumen give more data about hydrocarbon potential of the studied rocks. The bitumen
from the Skrzydlna Thrust Sheet is the intermediate product between kerogen and oil,
while the bitumen from the Mszana Tectonic Window is probably a residual product after
generated hydrocarbons.
This study was supported by National Centre for Research and Development Blue Gas
Program (BG2/ShaleCarp/14).
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Mineralogy and genesis of lithophysae and amygdaloidal agates from Permian (Lower
Rotliegendes) volcanites of the Sudety Mts. were investigated. Agates derived from the best
known deposits in Poland - Nowy Kosciol (lithophysae agates hosted in the rhyolites) and
Ploczki Gorne (amygdaloidal agates hosted in andesites and trachyandesites) The methods
applied included: polarization microscopy, X-ray diffractometry (XRD), cold cathodeluminescence (CCL), hot cathodoluminescence (HCL) and back scattered electron (BSE)
microscopy imaging, scanning electron microscopy with energy dispersive spectrometry
(SEM EDS) and fluid inclusion thermometry. The scientific literature dealing with the
agates is not particularly extensive, especially with CL microscopy and spectroscopy
studies (Dumańska-Słowik et al., 2008; Möckel et al., 2010), and fluid inclusions analysis
(Kozłowski, 1985, Wolkowicz et al., 2012).
Agates are built almost entirely of silica minerals – chalcedony, quartz and,
sporadically, cristobalite. There occurs also a small addition (<1%) of non-silica minerals
such as: hematite, goethite, rutile, apatite, chlorites and others clay minerals, chalcopyrite,
chalcocite, tysonite, calcite, copper carbonates, barite, gypsum, oxides of manganese and
iron, uraninite, native copper and gold.
Spectral tests of agates have shown that their emission bands fall within the range from
about 370 to 700 nm. Predominating emission bands of chalcedony (620-650 nm),
corresponding to the red colour, are related to the presence of defects in the lattice,
associated with vacant oxygen or silicon positions. They point to quick precipitation of
silica from strongly supersaturated solutions, especially hydrothermal ones. The emission
bands within the range of 370-520 nm belong to the blue colour and are attributed to
defects caused in the majority by foreign ions. They are typical for slower crystallization
from less saturated water solutions. These emissions are common mainly in the quartz from
the lithophysae agates.
Homogenization temperature (Th) of fluid inclusions in quartz of lithophysae agates fall
within the range of 412-26oC and those of amygdaloidal agates - within the range of 17383oC. High-temperature (Th of 412-238oC) quartz of lithophysae agates began to crystallize
from relict solutions of solidifying lava, and later from early hydrothermal solutions with
a very low salinity and varying amounts of NaCl, MgCl2 and CaCl2. Th within the range of
128-200oC were found in quartz which forms layers in chalcedony. The youngest quartz
generation (with Th of 26-110oC) is the one with a sagenite lattice (Th of primary inclusions
110-74oC, salinity of 7.3-9.7 wt. % eq. NaCl), which displays secondary inclusions in zones
of fissure regeneration.
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The performed investigations indicates, that the agates have a multi-stage origin.
Lithophysae agates began to form during post-volcanic, higher-temperature processes, than
the amygdaloidal ones. These latter might form after releasing of silica from andesitic rocks
during wethering or diagenesis. The mineralization process in agate could last for a long
time, perhaps to Neogen (Mikulski, 2007).
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For many years uranium has been considered a strategic element of special importance.
Its exploration and exploitation especially, were shrouded in mystery, and in the minds of
many people, and this state continues till present. The question whether we can expand
nuclear power in Poland without having our own resource base is often asked. The answer
is very simple - of course yes. Moreover, even with our own significant uranium resources,
we would have been forced to cooperate with other states during nuclear fuel production.
Uranium occurrences are quite common in the world, but large-scale mining is
conducted only in a few countries. Australia, Kazakhstan, Russia and Canada hold 60% of
the world's uranium documented reserves. According to data from 2014, the main
producers of uranium are Kazakhstan (41% of world production), Canada (16%), Australia
(9%), Niger (7%) and Namibia (6%). Uranium production in Russia, Uzbekistan, USA,
China, Malawi and Ukraine ranges from 5 to 1% (OECD-NEA&IAEA 2016). The
contribution of other countries is 3% only. On the other hand, Western Europe countries
(France, Germany, UK, Sweden, Spain) and South Korea which currently do not excavate
uranium from domestic deposits, are the main consumers of the uranium,. In turn, the
demand for uranium of the US, Russia and China is significantly higher than uranium
production in these countries. Another extreme is represented by Kazakhstan, Australia,
Niger, Namibia and Uzbekistan which together provide almost 70% of uranium into the
world market, and do not show any demand for this element since they do not have their
own nuclear power plants.
A distribution of uranium extraction due to the operation method is also interesting. The
chemical properties and mineralogical forms of uranium occurrences cause that 50% of its
production is obtained through the underground in situ leaching method. That concerns
mainly the sandstone type deposits. The underground mining method yields about 30% of
uranium, mainly from rich Proterozoic unconformity type deposits. Over 7% of uranium is
obtained as co-product / by-product. However, for several years, documentation works have
been carried out on the deposits, the exploitation of which is very simple and cheap. This
applies to calcrete-type deposits, characterized by low uranium content of the order of
200 ppm, however, occurring practically on the surface, where the uranium recovery is
carried out by heap-leaching.
The occurrence of the uranium deposits in Poland is well recognized (Miecznik et al.,
2011). Their geological - economic assessment is negative, due to the depth and form of
occurrence (occurrences in the Lower and Middle Triassic sandstones, Peribaltic
Syneclise), low uranium content and its close relationship with organic matter, which
59

seriously hampers the uranium recovery during technological processes (the Lower
Ordovician Dictyonema Shale, Podlasie Depression) (Smakowski et al., 2013). Analysis of
the costs of extraction of uranium ores from the "Rajsk" deposits showed that they are
several times higher than the current prices of yellow cake on the world markets (Galica et
al., 2016).
In conclusion, it should be stated that the lack of own uranium resources is no obstacle
for the development of national nuclear power. Awareness of the lack of own uranium
resources, however, should have a fundamental importance when deciding on a contract for
the construction of a nuclear power plant in Poland. One of the terms of the tender must be
to ensure the delivery of nuclear fuel throughout the whole lifetime of the nuclear power
plant.
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In recent years the study of rare earth elements (REE) have enjoyed a remarkable
popularity. This results basically from three following reasons: 1. A development of new
analytical methods enabled the determination of the whole elemental spectrum of REE ( not
only their sum), 2. An increase in the demand by various sectors of the economy and, 3.
Monopolization of production and trade by one country - China. The use of rare earths in
modern technologies has introduced REE onto the list of so-called critical raw materials in
high developed countries of EU and Japan . So there exists a paradox: prices of commodity
are drastically increased, despite the fact that its world's resources, recognized by
geologists, are sufficient for over a thousand years at the current rate of consumption
(Paulo, Krzak, 2015 with references therein). The natural accumulations having the
following features:
− large resources (more than 80% of the surveyed objects are at least 2.5 million tons of
ore, and 10% of the largest ones have reserves more than 650 million tons); very high
content of rare earth oxides (REO) (in 50% of deposits > 0.61% REO, but in deposits
related to solid rocks > 3-6%); lower contents are acceptable in residual clays (ion
adsorbent clays with a high proportion of yttrium and HREE, easy to chemical
extraction) and placer deposits;
− shallow appearance (up to 120 m) facilitating open-pit mining and simple geological
construction;
− co-occurrence with other minerals whose accumulation or unit value is greater than
REE, such as Fe, Nb, Zr, Ti, apatite; only in two exploited deposits, (excluding the
residual clays), REE are the most valuable component; are considered useful for
industrial purposes.
These features should have the highest significance for prospection.
In the genetic classification of REE deposits two main types are distinguished (Möller,
1986, Long et al. 2010):
− primary deposits associated with carbonatites, alkaline magmatic rocks, hematitemagnetite breccias, and pegmatites and hydrothermal veins (quartz-polymetallic, often
with fluorite);
− weathering beds (residual clays with absorbed REE) and placers;
The REE form very over 250 minerals, but only a few of them have a practical
application. These include bastnäsite, parisite, monazite, xenotime, loparite. By the way,
REEs are also recovered in the chemical processing of apatite, pyrochloric, brannite and
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phosphorite ores and as a by-product in the chemical processing of the apatite, the
pyrochlore, brannerite ores as well as phosphates.
At the first stage of exploration of REE deposits, geological and structural studies are
the most important, and should be supplemented by geo-economic analyses, the positive
results of which should open the way to detailed geochemical, petrological and
mineralogical studies. The geochemical studies allow an assessment of the content of
individual elements of this difficult for separation groups: light and heavy, and
mineralogical-petrological studies are extremely important for the future technological
research.
An interest in REE by Polish researchers dates back to the 1970s. It is worth mentioning
the research work of Nam-Nam-xe and Dong Pao deposits in Vietnam (Werner 2005), the
Lugin-gol massif in Mongolia or the search for REE in Algeria.
High hopes were addressed in Poland mainly to the nephelin syenites of the Ełk massif,
the alkaline Tajno massif containing carbonatitic veins, or to the Mława structure (Bareja,
Kubicki, 1983, Ryka, 1992, Krzemińska, Krzemiński, 2012). However, the rocks there do
not contain adequately high REE concentrations, and the thickness of the sedimentary cover
is 600-2500 meters, that is disqualifying the whole area of the Polish part of the East
European platform as a prospective area for the occurrence for exploitable REE
concentrations.The geological and geochemical studies in the Szklarska Poręba area
showed the occurrence of REE and thorium. These elements are found in the biotitised
andalusite-cordierite hornfelses, and the REO content reach 0.5% there. The perspective
resources were estimated at 305 t. Elevated concentrations of Th-REE were also found in
the vicinity of Markocice near Bogatynia, where the REO content reached 1.54%, and the
perspective resources were estimated at 150 t (Kanasiewicz, 1987).
Critical analyeis of geological and economic all occurrences of REE in Poland revealed
that they have no practical significance in a market economy (Paulo, 1993, 1999;
Wołkowicz et al., 2015).
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Mongolia is located within a focal part of the Central Asian Orogenic Belt (CAOB)
formed through multiple orogenic cycles. The tectonic activity in the CAOB is commonly
thought to have started ca. 1020 Ma ago. Several minor tectonic units have been recognized
in this area. One of the prominent areas in western Mongolia is the Zavkhan terrane, that
constitutes a Proterozoic core of the CAOB. Field works of Polish expedition were carried
out in the area of the large latitudinal granite pluton known as the Bayanbulag Massif
(Dund orthocomplex) Masif in the Khasagt Mountains. Due to lack of modern detailed
geologic recognition including precise geochronologic techniques, the chronostratigraphic
position of this intrusion has not been clearly delineated. Thus, the aim of new
investigation was to update the cartographic image and the chronostratigraphic position of
exposed igneous rocks of the Khasagt region in western Mongolia and to provide their new
tectonic interpretations.
Analytical works and U-Pb isotope dating were performed at PIG-PIB in the Ion
Microprobe Laboratory. It was one of the first projects realized after the installation and
commissioning of the SHRIMP IIe / MC (Sensitive High Resolution Ion Microprobe II e
MultiColector). The age studies were made on zircon and titanite concentrates separated
from 11 different igneous rocks ranging from plutonic granites, granodiorites to
subvolcanic diabases. The rocks were sampled in the area of the Bayanbulag Massif, where
the association of at least 3 types of granitoids was recognized. Field observations suggest
clearly age differences between the igneous rocks.
The U-Pb isotopic analyses on zircon collection yielded in general the Neoproterozoic
(Tonian) age of three types of rocks. More than 3 hundred single zircon measurements
documented these episodes of the tectonic activity. An emplacement of the reddish granite
and more mafic granodioritic bodies took place over the relatively short period from 816 ±
4 Ma up to 775 ± 5 Ma with the highest intensity about 800 Ma. The youngest component
of this association is a subvolcanic injection of rhyolites and diabases, with an age of 784 ±
7 Ma. Exactly the same age of the thermal event was deciphered from U-Pb composition of
titanite grains, taken from the mafic granitoid (granodiorite). It is considered that the titanite
ages constrain the cooling granite intrusion below the temperature of 600ºC (Tc), that
occurred simultaneously during the thermal episode of diabase emplacement. The
coexistence of "layered" reddish granitoids and mafic gabbro and gabbrodioritic rocks poor
in zircons remains a very interesting but not resolved so far genetic problem. They are
coeval but they represent probably different sources of magma. This problem requires
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further analytical work to identify the nature of the melt from which of the association was
generated.
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Reservoir parameters determine rock’s ability to accumulate and transport reservoir
fluids. They are the effect of interplay between the mineral composition of rock, grain
shape and size and are controlled by diagenesis. Prediction of reservoir parameters is a key
point in the petroleum exploration. The paper presents an analysis of the dependency of
grain size and reservoir parameters within the Rotliegend sandstones as well as a diagenetic
impact on reservoir properties of these rocks. The study area is located in the Eastern Erg the former dune field, in the central part of the Polish Rotliegend Basin (Kiersnowski,
1998). In this area a mechanical compaction is considered to have an exerting negative
impact on the reservoir properties (Buniak et al., 2009).
The study involved microscopic observations in the transmitted light, granulometric
analysis on thin-sections, and results of mercury porosimetry and permeability analyses.
The research was conducted on 116 samples from 17 wells. Sandstones were represented
by moderately to well sorted, very-fine and fine grained aeolian arenites, collected from the
depth range from 3435 to 4289 m b. s. l. The arenites were characterized by similar
reservoir properties. The work encompassed a number of correlation analyses including
grain shape and size distributions, porosity, permeability and pore space development
parameters. The conducted research revealed interactions of the grain sorting, the
distribution of grain size and porosity with depth, as well as a dependency of pore space
parameters and porosity. The best correlations between the parameters were observed at the
top of the Rotliegend sandstone complex.
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