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INVESTIGATIQN THE INFLUENCE OF CLAY
MINERAL CHARACTERISTICS ON SLOPE
STABILITY IN MOKATTAM AREA, EGYPT

Mohamed M.Abdelkadert*, Ali M.A.Abd-Allah?, Waleed A.MQOgil&, Mohie EldinElmashad ~ & %o
e u &
1 University of Debrecen, Faculty of Science and Technology, Institute of Earth Sciences, Department of Mineralogy and
Geology, Debrecen
2 Ain Shams University, Geology Department, Cairo, Egypt
3 University of Debrecen, Cosmochemistry and Cosmic Methods Research Group, Debrecen
4National Water Research Center, Construction Research Institute, Soil Mechanics Department, Cairo, Egypt
* E-mail: mohamed.abdelkade@science.unideb.hu

Swelling soils are problematic soil types that exist isuch as water content, bulk density, specifiawty, and
many regions all around the world. The Makattam area igrain size distribution. The evaluation of the physical and
Cairo has also suffered from many slope instability eventwvelling characteristics of the claystone beds indicates
due to the unwanted effects of swelling clays. It washat the claystone in the study area is classified as having
stated that expenditures due tadamage caused by medium to high swelling potential. In addition, the study
swelling soils were fairly high, and the problem was sarea is baracterized by surface water and sewage
important that it could not be neglected. Therefore, thispercolating through the joints of the covering rock
study investigates the effect of the mineralogicalformations to the underlying claystone beds, which have
composition of clays and their physical properties on the high plasticity index (up to 52.4 %). Continuous water
occurrence ofdndslides in the Mokattam area, Egypt. Fivdeakage increases the volume of the claystone beeid
representative claystone samples were selected to bdecreases their resistance to weathering according to
analyzed by Xay powder diffraction (XRD). their high swelling characteristics (up to 110%). Therefore,
Montmorillonite was detected as the most dominant claythe claystone beds flow laterally to the free slope
mineral in all the investigated samples. Thedirection with low pressure. This flow finally leads to the
montmorillonite content ranges from 60 w% to 90 w%deficiency of clay fronthe inside layer resulting in the
with an average of 71 w%, characterized by its expandirgpllapse of the top rocks or the formation of undercutting
lattice and high swelling when in contact with water. Alsothat finally causes landslides.
the physical and geological parameters were determined
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MAGNETITEMENITE OXYBAROMETRY IN
JACUPIRANGA CARBONATITE, BRAZIL

AhmadAbudayeit*, Z« E& %& TiborGuzmic$

1 §A,e >}E v hv]A E*]S5CU % ESu v3 }( W SE}O}PC Vv '} Z ul*SECU P %o o
2D}vs VUV]A E+]8 8 >} vU Z ]JE }( "' }o}PC v }Jviu] " }o}PCU >} vU pe3E]
3 Isotope Climatology and Environmental Research Centre;REM Institute for Nuclear Research (ATOMKI),

Debrecen, Hungary

4 8A,e >}E v hv]A E+]SCU /ve3]3us }( ' }PE %ZC v ESZ "] v U >]8Z}e%Z
* E-mail: abudayeh1989@gmail.com

1. Introduction 0.0%), spinel (MgAD.: 4.7t0.0%) andnanganesderrite
(MnFeO,: 9.8t0.0%). In response to magnetite, the solid

The formation of carbonatite rocks is thought to bes_OIUtiOn "? limeniie changes_ accqrd_ingly frof“ geikielite
through a complex evolutionary path of ascending magm ch (MgTi@: 88'8tA_"4%) to _|Imen|ter|ch (FeTi@ 10.4t
(Yaxley et al.,, 2022) forming primary and antiskar|§5‘2%)' Pyrophanlte.(M-nTjolo.8t27.3%) endmember
minerals. The latest literature discusses the formatiof'¢'€asS€s gradually with ilmenite.
conditions of antiskarn processes througheoretical L .
estimates (Anenburg & Walters, 2024), but so far, the. Magnetite-ilmenite oxybarometry
formation conditions have not been tested based on
natural samples. In this work, we studied carbonatites @ We collected numerous (n=253) data from
from Jacupiranga (Brazil) to improve our understandingnagnetiteilmenite pairs from six out of the twelve thin
on antiskarn processes in rt@natite petrogenesis. We sections.We tested the equilibrium between the pairs,
carried out magnetitdilmenite oxybarometry and fluid using the Mg/Mn partitioning method by Bacon and
inclusion microthermometry to reconstrucfO, and Hirschmann (1988)The oxybarometry calculations show
temperature of the rock formation. ~&]|PX - S u% €& SuE&E & vP SA v

~F 01 £ « fO,valpPs changing fronr23.6 t0-13.3

2. Background and purpose of the Study ~FiXd o} mDiffeveld samp!es roughly follow buffers
between carborcarbon monoxide (CCO) and MivhzOy4

The Jacupiranga carbonatite rocks consist o(f'vl(';/loz1 Zorrg_spolndlgg t(_)tl\él)& Ddr‘l _,dA_oylwe_en '0'?]9
carbonates, apatite, magnetite, ilmenite, phlogopite,"]ln + '5_ (_|g. )- Apati steb ul mggélonz 368{(1)5W
olivine, sulfates and sulfides. Apatite hosts primary, ghomogenization temperatures between an

phase (solid, liquid and vapor) fluid inclusions distributea\'ith the dissolution of either vapor or solid into the liquid

along growth zones. The petrography of the rock@hase'The given temperatures from the two independent

confirmed the presence of magnetitand ilmenite in methods are similar and show a magmatigrothermal

proximity to olivine and phlogopite both with high mg#trafr;sition tempgrature vaI;ﬂe. T?e Ia(rjgftfa range antlj the
(97-88). Our research involved inspecting the relationshi u er-crossc_uttl_ng nature odiata from |_erent samples
ig. 1) may indicate that the decrease in oxygen fugacity

between the high mg# of the silicate phases and wheth b lained v by a d .
they formed at relatively oxidized conditions. At oxidizecﬁan € explained not only by a decrease in temperature,

conditionsit is assumed that most of the iron may be ut also by the chemical inhomogeneities inside the

present in the form of F&, which cannot be incorporated carbonatite body. The latter is evident in the

in olivine, explaining its high mg#. The incorporation 0?omp'05|t|on'al diversity of the equilibrium m"ﬁ‘Q”‘?“‘e
ilmenite pairs. For example, at 608C equilibrium

Fe* in phlogopite had been attributed to Rldeficiency h tdmeni L d
or highfO, (Brigatti et al., 1996), and the order of its tlemperature there are magnetitémenite pairs increase

incorporation preference comes after*Ti(Farmer and in MgFeQ,-MgTiQ endmembers and show h_igh_ 199
Boetcher, 1981). Thus, despite the relatively High the (>-17). At the_ same temperature_ there are pairs increased
early incorporation of At and Ti* holds back the M FeO,-FeTiQ qumem_bers with Ipwer '0902 (<20).
incorporation of F&, resulting in the precipitation of high Samples containing Mdch magnetiteiimenite crystals

mg# phlgopite, and tetraferriphlogopite with much are rich in. olivine _and phlogopite ar_1d the dominant
lower mg# at lowerfO,. The studied magnetite is a solid parbo_nate IS dolomqe. I.n. contrast, ieh magnetite
solution of magnetite (R©s: 44.7t96.5%), magnesio |Imep|te pars aré in S|I|cqtpoor sampés and the
ferrite (MgFeOs: 40.5t1Xi9+U oA, «JwQy 30.9t & dominant carbonate is Mgalcite.

ot
—_
—
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Figure 1: Temperature (T) and oxygen fugady) (diagram, data calculated from equilibrium magneiitaenite
pairs, Jacupiranga carbonatite, Brazil. Emmparison, O, estimates from other carbonatite occurrences are also
plotted. MH: magnetitehematite, MMO: MNnGMnz0,, RRO: rheniurtrhenium oxide, 8/S?: sulfatesulfide, NNO:
nickelnickel oxide, FMQ: fayalitmagnetitequartz, CCO: carberarbonmonoxide, IW: ironwustite. The (NNO,
FMQ, HM, CCO, IW) buffer lines belong to Frost (1991), (RRO) to Pownceby & O'Neill (1994), (MMO) to Chou (1978)
and (8%S?) to Wallace & Carmichael (1994).

Our samples also contain magnesian skarn minera & DY =3dU }A E % @5y «haE (Anehburg i&
like clinohumite and chvilevaite that usually belong towalters, 2024 Our oxybarometry calculations from
metasomatic rocks. These are indications for an antiskatfacupiranga carbonatite formation concur with the
process, and our samples reflect a relative distance froeoretical temperature estimates5Q1toiT£ U A]§Z
the wallrock where the Sigof the olivine and phlogopite slightly wider range of0, A o « ~ M®6D ¥W4.54).
originates. A positive correlation was found between logJpon the lack of oxybarometry estimations for antiskarn
fO, and mg# of olivine and phlogopite, suggesting that théormation, fO; is dfficult to reconstruct and our study is
presence of olivine and phlogopite with high mg# is due tthe first to provide it. The theoretical calculations predict
relatively high oxygen fugacity during carbonatitall-  our findings perfectly, despite that it did not consider the
rock interaction. presence of a fluid phase. Silica contamination can be

indicated by the partitioning of Mgnicalcite (Anenburg &
4. Jacupiranga in thermodynamiCWalters, 2024), and the presence of more ferrous silicate

phases indicates receding contamination. The
models thermodynamic estimates of Anenburg and Walters

(2024) expect the presence of tetfarriphlogopite to be

The latest theoretical estimates for antiSkarnat the Comp|ete absence fomagnetite and for any
formation used thermodynamic models dfimplified amphibole present to be alkaline. We rather found in our
solid-solid equ”ibrium during silica contamination of asamp|esas a silica contamination indicator’ that the

carbonatite system taeport the temperature range of presence of tetreferriphlogopite is at the atrophy of
(5001800 £), a widfO, E VP  ZA v-Ie&bdY
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magnetite rather than its complete absence andReferences
amphibole is not alkaline but rather le@a, FeMg-rich.

Our samples showed that the continuous increase iﬁnenburg M. & Walters, J.B. (2024): Contributions to
modal proportions of the mgalcite at the expense of Miner,alog.;y and Petroylog.y‘179 40'

dolomite and mafic minerals is in line with the decrease i%acon C.R. & Hirschmann, M.M. (1988): American
the grain size from course to medium. We also found that Mi'nerr;llc;gist 73 5761 o '

the Mg incorporation in mafic mimels like magnetite, g i M F., Medici, L., Saccani, E. & Vaccaro, C. (1996);
olivine and phlogopite relates to the distance from the American Mineralogist, 81, 91927.

interaction zone, and thus can reflect the degree OEhou kM. (1978): American Mineralogist, 63, 6903,
contamination from more to less.Moreover, the Farmer, GL. & Boettcher, AL. (1981): American
concentration of silicate phases in the walck proximal Mineralogist, 66, 11541163.

part is associated Mh a h_ig_her magnesitbar_rite ﬁrost, B.R. (1991): In: Lindsey, D. H. (ed.): Oxide Minerals:
endmember of magnetite, and is in accordance with suc Petrologic and Magnetic Significance: Mineral

mineral features being thermodynamically simulated for Society of America, De Gruyter, Berlin, Boston, fp. 1
the antiskarn formation of alkatich systems (Anenburg 10 ' ’ ’ T

and Walters, 2024)Based on our description of the po\ ncepy M1 & O'Neill, H.S.C. (1994): Contributions to
Jacupiranga rock in relation to the antiskarn rock features Mineralogy and Petrology, 118, 1887

f“?m the latest _thermodynamic modgls, Wallace P.J. & Carmichael 1.S.E. (1994): American
microthermometry experiment results, magnetite Mineralogist, 79, 161167
ilmenite temperature calculations arf@, reconstruction, o CU 'XDXU v v uEPU DXU d %% U

a.?. well as the h_|ghfmg# of silicate phz:seshcofupled _W't Guzmics, T. (2022): Annual Review of Earth and
silica contamination features, we argue for the formation Planetary Sciences, 50, 2&D3.

of Jacupiranga carbonatite though antiskarn process.
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WHAT IS THE FINGERPRINT OF GRAPHITE
CONCENTRATES?

Ze E& %¥:Gabriellak P& FrankMelcher
1D}vS vuv]A E+]8 8 >} vU Z ]JE }( "' }o}PC v }Jviu] " }o}PCU >} vU pe3E]
* E-mail: robert.arato@unileoben.ac.at

Graphite is an essential raw material used irwe focus on the results obtained using Lakwtuced
numerous applications due to its extraordinary chemicalBreakdown Spectroscopy (LIBS), coupled with a laser
and physical properties. Given its fundamental role irablation system (IlmgeGEO193), on a series of pressed
energy storage, responsible sourcing of graphite isatural graphite pellets sourced from major global
particularly important. Consequently, graphiteofficially producers. By applying LIBS mapping to a small area on
classified as a critical and strategic raw material (CRM aeadch pellet, we visualize the spatial distribution of
SRM). The European Union has set ambitious goals, @semical impurities within the graphite. Rather than
outlined in the Critical Raw Materials Act, to ensure theonsisthg solely of pure carbon, most graphite
responsible sourcing of critical raw materials. Amongoncentrates exhibit extremely heterogeneous chemical
these goals ighe stipulation that no more than 65% of anycompositions, providing a distinct fingerprint for each
critical raw material should be imported from a singleconcentrate.
third country by 2030. However, there is currently no
routine methodology available to distinguish between Furthermore, during the acquisition of the maps, 100
different natural graphite deposits. The currentudy multielemental LIBS spectra are produced every second,
aims to fill this gap. offering an excellent basis for multivariate classification

The EHfunded Horizon project, MaDiTrace (Materialtasks. Our tests indicate that individual LIBS shots on all
& Digital Traceability for CRM Certification), aims tagraphite concentrates can baassified with at least 80%
enhance the transparency, reliability, and sustainability oiccuracy. This makes LIBS a strong candidate for becoming
critical raw material supply chains. This collaborativa standard tool in graphite traceability tasks, aligning with
effort involves four instituteseach focusing on a specific its successful forensic applications on other materials (e.qg.
critical raw material: lithium (BRGM, France), cobalt (GTKlespeca et al., 2020).

Finland), natural graphite (University of Leoben, Austria),

and rare earth elements (Ghent University, Belgium). The To interpret these observations, it is important to
project's objectives include developing analyticaunderstand the origin of the detected chemical
fingerprinting protocols for both laboratory and esite anomalies. We present mineralogical and data analysis
applications, incorporating these protocols intoapproaches to this end. Various elements (e.g. O, Si) show
certification schemes, and integrating these technologicdiigh anomalies in spatially restricted reg# suggesting
solutions into digital product passports. The analyticaiineral impurities as potential sources, while other
fingerprinting process seeks to fidirentiate between elements are ubiquitous across practically all graphite
various natural deposits and identify ~materialconcentrates. Considering that the studied samples are of
characteristics that can be tracked throughout the valuaatural origin but have undergone some processing, the
chain, from raw material to final product. overall fingerprintmay reflect a mixture of natural and

Raw graphite is typically crushed and then floatedartificial factors.
with the resulting concentrates being traded worldwide.

Due 'Fo its chemlcgl_ and thermal stablhty,_ analyzngeferenceS
graphite poses significant challenges. Its dissolution is

nearly impossible under standard lataory conditions, E+% U DX'XU s]]E U X>XU :-v]}EU X

while insitu analysis methods such as-IORMS are . ) .
hindered by graphite's flaky/brittle nature. In this study, Ferreira, E.C. (2020): Food Chemistry, 311, 125886.
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NEW EXTRACTION LINE FOR SHHIN14
AT HEKAL AMS LABORATORY

Botond p@&d Z | , iv&EDb? %Bnthony John Timothjult34~ D]1Z DoV E
lisotope Climatology and Environmental Research Centre, AT Oklitecen

2 Australian Nuclear Science and Technology Organisation (ANSTO), Lucas Heights
3Department of Geosciences, University of Arizona, Tucson

4AMS Laboratory, University of Arizona, Tucson

* E-mail: buro.botond@atomki.hu

Exposure dating represents a new direction in  Our first tests were made on borehole £flank gas,
geological and archeological research, which, in additioMEA C1 dermined the backgrond of the whole line.
to G14, in combination with other isotopes, answers, howAccording to the AMS measurements, the blank level of
long the given, primarily rock, surface has been exposdtie whole line is very good. After that we performed
to cosmic radiation. We can use thigethod for glacial, measurements on ksitu CronusA, CronusN and Cronus
fluvial chronolgy, archeology, etc. R intercomparison standards. Fied quartz samples

In this study we present a new cosmogeniesitt  were sieved and used for analyzing the fraction of 250
G14 extraction line at the INTERACT laboratory, whichi8ii RuX dZ E }v Clo (E}u <pu ESI <3 v
eJulo E 8} §Z }v %M 0]Z Jv &°o0,%e vEry good~dand dveXhade the expected values. The
extraction system used the phase transformation ofesults of preliminary AMS measurements are also
quartz to cristobalite at high temperature in order to promising.
guantitatively extract the carbon a€Q. The system We get similar experience and results as those
consists of three independent components. 1: used fo%o it 0]*Z ]Jv &°0,% S 0oX ~Tiid*X
remove the atmospheric and meteoric1@, 2: offline
high$ u% € SUE ~iofAl £ « }A v (} RefErefH/cesI VP Vv
trapping the cosmogenic isitu G14 from quartz, 3: CO
gas purification and mass measurement line. After °0, % Fihk, D., Yang, Eodilean, AT., Smith, A.,

extraction and cleaning, the purified €@amples are Wacker, L., Levchenkd/. & Dunai, J.T. (2019):
measured with a new compact-1a AMS system (Low Nuclear Instruments and Methods in Physics

Energy Accelerator, LEA) and the gas ion source interface. Research Section B. 438. 20I3.
The extraction line allows for rapid sample throughput of ' ’
about 6 samples per week. The sample masses range from

4 to 7 g of clean quéz.
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SIGNIFICANCE O§; B AND 8ISOTOPES IN
CAVE ENVIRONMENT: PRELIMINARY RESU
FROM CAVE MONITORING IN HUNGARY

'C,ECMppor’, > «I®alcsiU D]Bra@fU v]|}EA2BZ:]Stiebe?, YuefengLit ~ W § E
Dobosy

1 Institute for Geological and Geochemical Research,-REBN Research Centre for Astronomy and Earth Sciences,
Budapest, Hungary

2 |sotope Climatology and Environmental Research Centre (ICERREWstitute for Nuclear Research, Debrecen,
Hungary

3 Stieber Environmental Ltd, Budapest, Hungary

“4Institute of Aquatic Ecology, HLREN Centre for Ecological Research, Budapest, Hungary

* E-mail: czuppon@geochem.hu

Caves represent a complex environment, in whiclvariation indicating variable ventilation regime in the
speleothems can form and preserve information relatingtudied caves. The comparision of the stable isotope
to the past climate and environmental changes. Thereforeomposition of the drip waters and the amouweighted
speleothems are considered one of the most importanprecipitation indicated that the epikarst above the studied
climate archives from continental areas.drder to use sites is generally well mixed @énthe dominant infiltration
speleothems in the reconstruction of past climate andakes place during the winter half year. Moreover, the
environmental changes it is necessary to understand thimngterm monitoring of the stable isotope composition of
environmental and hydrological processes that determinelrip water inBaradla Cave and the precipitation indicates
the physicechemical conditions of carbonate that slight changes in the precipitation over the years can
precipitation and hence speleloém formation. Therefore be reflected in the composition of the drip waters.
cave monitoring researches have been conducted in threg&lthough the seasonal isotopic signal observed in

A e ]Jv ,uvP EC -]v TiiiW  «}  }precipitatiodhis gewnerally not transmitted to igr water,
< +18Z 0oC D3 ~t 3 ,uvP EC+U | vinter@nual varigbility ban be recorded in drip water and
Aggtelek (Northeast Hungary). To expand the set dfence in the precipitating carbonate (e.g. speleothem).
speleothembased praies the monitoring activities, The Mg isotope analysis of the drip water revealed
which included monitoring of climatological parameterssystematic differences among the caves. In addition, the
(e.g. temperature, C£) measured inside and outside the prelimary results suggest that the isotopic composition
caves, drip rate, the chemical, trace element, stabl&ariability depend on the hydrological conditions.
hydrogen and oxygen isotopic compositions of drip
waters, sable carbon and oxygen isotope analyses of The research was financially supported by the
newly formed carbonates, were complemented withNational Research, Development and Innovation Office,
calcium, magnesium and strontium isotope measurmentslungary (OTKA FK 138626). We are also grateful for the
of drip waters and newly formed carbonates since 2022.support and permission of the Aggtelek National Park

Climatological investigation revealed seasonality ilirectorate.

CQ concentration related to outside temperature
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CHEMICAL AND ISOTOPIC CHARACHTERIS
OF THE SPRING WATERS IN AGGTELEK KA
HUNGARY
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2Institute of Aquatic Ecology, Centre for Ecological Research, ELKH, Budapest, Hungary

3Stieber Environmental Ltd, Budapest, Hungary
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* E-mail: martaczupponlazar@gmail.com

A detailed research on springs in the Aggtelek karstptimal groups, a homogeneity test was also carried out
area (NE Hungary) was conducted in order to betteto determine the relationship between springs within
understand the hydrodynamics of karst and the effect okach grop. The test showed three groups to be clearly
various weather (climate) conditions on the springs, akomogeneous, the other groups being further subdivided
well as to group the springs. For thegairposes, a into subgroups.
monitoring network was established in 2020 that includes
24126 wells and springs covering the whole area. Within the framework of this research, the

The springs are visited every month to measure theigeochemical time series of each tfe studied springs
physical/chemical field parameters (temperature, pHprovided an opportunity to reveal the temporal variability
electrical conductivity) and collect water samples forof the geochemical parameters as a function of
chemical and stable isotope analyses. In the case of majoreteorological conditions. Different behaviors were
hydrological events, sampling wasnclucted in higher detected based on the time series. Our results showed
resolution. Utilizing this data set, the aim was to groughat some springs respaied rapidly (12 days) to a major
these springs by cluster and discriminant analysegrecipitation event, while others were characterized by
because CCDA combines two traditional methods in ordstable conditions with no change in chemical and isotopic
to determine the optimal number of groups and thecomposition over the period studied. The stable isotopic
corresponding clusterip that occurs during clustering composition of the springs also indicate that theaim
(classification), and to determine not only the similarinfiltration period takes place in the winter half year.
groups but also the most homogeneous groups among the
groups. This investigation gave better understanding of The research was supported by Doctoral Student
the hydrogeological background of the study area. Scholarship Program of the <{©perative Doctoral

As a results of this investigation, seven groups werBrogram of the Ministry of Innovation and Technology
found to be optimal. In addition, it seems that theFinanced from the National Research, Development and
geological and geochemical parameters of the rocks of thenovation Fund (KDR021 - 660667 S} D ES
springs is the primary factor in determining which springCzuppor> | E X /v 131}vUu A @& o*} S$Z vl
belongs to a given optimal groumdeed, the aquifers of support and permission to the Aggtelek National Park
springs within an optimal group generally belong to theDirectorate.
same rock type and the same formation. In addition to the
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PETROGRAPAND DIAGENESIS OF BARITE
CONCRETIONS FROM WADI HALFA, SUDAWR
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During the detailed geological observation of theserves as the main cementing material, constituting 42%
sedimentary outcrops around the region of Wadi Halfa imf the composition. The average porosity of most samples
Northern Sudan, discoidahaped concretions of barite is 3%.
were found. Detailed petrographic analysis suggests that their

The lithofacies of these sedimentapyu S & } %0 * U &igindl porosity has been reduced by cementation
, 0( &}Eu S]}v[U }vsS Jv ¢« Ju vSe }( (¥4.3%) natheo than aconipaction processes (8.8%).
and marine environments including trough and planneHowever, the origin of the concretions and the source of
cross bedded sandstone, fine and massive mudstortee barium remains unresolved. Moreover, gtagrains
facies intercalated with some marine fossils marked by af these concretions are highly pure, they show much
thin layer of oolitc ironstone and large petrified tree higher purity than quartz occurring in the embedding
trunks. sandstone.

The vertical lithofacies of barite concretionsThe barite in the study area may formed during the
comprises fine to medium yellowish to grayish sandstonermian era (250 million years ago) when Mediterranean
overlain by a poorly sorted pinkish coammined ocean watercovered the northern part of Sudan. Barite
sandstone layer which contains barite concretions varyingrecipitated and crystallized from seawater around the
in size and shape. quartz grains similarly to Oklahoma (USA), Ed¥ptpocco

The discoidashaped barite concretions were found and Australia
penetrating the bedding planes of sandstone. The upper Understanding the original sources of these
part of these concretions is associated with figgained concretions may guide the exploration for other metallic
sandstone, while the lower part corresponds to coarseminerals and petroleum. Additionally, barite holds
grained sandstone. significant economic potential due to its variuos

The framework of the barite concretions is composea@pplications across different industries and enginegri
primarily of very angular to angular monocrystallineprojects, including its use in shielding against radiation in
(43.7%) and polycrystalline (11.5%) quartz grains, smalleigh-radiation environments and its critical role in medical
amount of fledspars and heavy minerals (1.5%). Barit@pplications.
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SOFT COMPUTING ANALYSIS OF MECHANI
AND THERMAL PROPERTIES OF ROCKS IN
THEMATIC COLLECTION OF THE UNIVERSI
OF DEBRECEN

Kyrillos SamiGhattas U d WBuday*, Richard WillianMcIntosh* = v & ,u,Blucst

1 University of Debrecen, Faculty of Science and Technology, Institute of Earth Sciences, Department of Mineralogy and
Geology, Debrecen

* E-mail: buday.tamas@science.unideb.hu

1. Introduction can be used to determine prediction functions as well
(Bahrpeyma et al. 2015).

The thermal and mechanical properties of rocks are In this study a thematic _collect_ion of building and
critical factors in many geotechnical and geologicaﬁ)m"’;]m:_jmfaI stones_ IS bStIllid('jed _W'th bncde;truc;tlve d
engineering fields, including mining, oil extraction and civ| ethods for measuring bulk density, rebound vajue an

infrastructure projects, controlling the behavior of rockt (Trmlall chduc’[(|jV|tya Due- to hthe Ilmltaltlorlms,_ sorf]t-
masses against outside stresseBo create safe and calculation is used to determine the empirical relationship

efficient engineering constructions like buildings, damsl,)etween.the density and the rebc_;gnd value, in addition to
and underground (energy)storage facilities, it is importan{he density and thermal conductivity.
to determine these qualities as accurately as possible.
However, traditional techniques for assessing thes€. Data and method
characteristics are labointensive, timeconsuming and
costly, and sometimes the preparation of the samples for ~ The "Stone Cube" collection is a thematic collection
the analysis is not possible. Furthermore, the complexaf building and ornamental stones at the University of
non-linear interactions and heterogeneity present in rockdDebrecen collected from the Carpathian Basin. Its name
cannot always be captured by thesechmiques. The originated fromthe shapeof the samplesbecause the
quality of the minerals or particles, the strength of theirpolished, cut, carved, and natural surfaces of the samples
compounds, and the potential presence of porosityform a cube with a side length of approximately 10 cm. A
(cracks), which is correlated with the body density ofotal of 61 samples were chosen after consideration of
samples of a specific type of rock, all have a significamteasurement feasibility. The majority of them were
impact on mechanel and thermal qualities e(g. limestones (26), buthiere were also intrusive igneous
Robertson, 1988). rocks: granites (7) and diabases (3); volcanic rocks: basalt
Soft computing provides effective tools for modeling(1), andesite (9), trachyte (1), rhyolite (1), and rhyolitic
complex systems with uncertainty, ndinearity, and tuffs (2); sandstones (4), and marbles (7).
hidden connections. It includes techniques like fuzzy logic, A scale was used to calculate the mass of the rock
evolutionary algorithms, and neural networks forsamples, and the water displacement concept was used to
approximate solutions. These approxinuats can be used calculate their AjJopu «X dZ pol ve]SC ~ -
for machine learning, in which implicit relationships carcalculated for each sample as the ratio of massolume.
be determined based on a training dataset, and used fddsing a RockSchmi@chmidt type L (reduced impact
prediction, which enables us to make estimates about thgalue) hammer, the rebound value (R) of rocks was used
mechanical and thermal characteristics of rocks imo determine their strength (Buyuksagis & Goktan, 2007).
situations where gect measurement is difficult. With the A Hukseflux TPO1 sensor was used to measure the thermal
remaining part of the dataset (test data) the }v p 3]A]8C ~,» § 3ZE ]S ¢« }v §Z %}o0]
generalizability and accuracy of the training can béhe samples, which were around the locations of the
analyzed. rebound measurement locations.
Artificial Neural Network (ANN) is a method for For further analysis data from each dataset were
machine learning modeling the human brain and nervousormalized by using the following formula:
system (Tian et al. 2023). It is widely used, but in complex
questions, it needs large calculation capacity and time. L lapo& fava
Active Learning Method (ALM) needsver resources and B T LT
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where Xis one of the measured parametei$,om is the the first layer uses rectified activation functions, the
normalized value ofX Xmin is the minimum measured second layer uses hyperbolic tangent activation functions,
value ofX, Xnaxis the maximum measured value Xf while the output has a linear activation function. Mean

In the next step, the samples were randomlysquared error is used for the loss function and ADAM is

classified into two groups, values of 48 samples were usetsed for the optimization. feer the optimization the R
as training datasets, while values of 13 samples were usetid ,values are calculated for each relative density value.
as test datasets. The latter group includes the following  Mean Absolute Error (MAE), Root Mean Squared
samples: #8 (granite), #11 (trachyte&*19 (andesite), #21 Error (RMSE) and coefficient of determinatiof) (vere
(rhyolite), #29 (andesite), #44 (limestone), #4%alculated in Excel for both the training and test datasets
(sandstone), #68 (marble), #73, #87, #92, #97, #1QDmparing the estimated/predicted values with the
(limestones). This classification was used in all analysesmeasured ones.

The relationships between density and rebound
values, then density and thermal conductivity were3 Results andliscussion
analyzed based on machine learning techniques. A linear
relationship was estimated between the training datasets
vv_ith defining slppe and intercept in Excelesgkd to as §Z Eu 0 }v p 8]AJEC ~,c E %E o+ V§
Linear _Regr_essmn. , , . et al. (2024), while measured and predicted normalized

With single inputt single output Actwg L.earn|.ng values are presented in Figures 3 and 4.
Method (ALM) fuzzy based maekvel thinking is The most divagent part of the prediction is related
m_odel_ed. The Ink Drop Spread (IDS.) met_hod was us%j the region with low density (porous limestones,
with triangular I_<ernel shape for data th|cken|n_g, while thesandstones and tuffs), while all the prediction functions
Center of Gravity (COG) method was used famrting to suggest similar values in the samples with higher density,

define the Narrow Path which acts as the estimator of thpespecially the linear regression and ANN. In the adse
dependent variables (Figure 1). '

thermal conductivity, further patterns can be detected:
there are two subgroups in the samples with higher

nurmaiized IDS plain narrow density, andesites, some porous limestone and sandstone
dataset SUCUTRLGLLY (heat denstyPLGRIEGTYS  path related to the lower thermal conductivity group, while

other compact rocks form the othegroup. As a

consequence, predicted values from all the different
methods are between them, causing higher prediction
errors. The values of highest density and moderate
thermal conductivity (diabase) are overestimated by

|

output [-]

1= _ | linear regression and ANN, while MLsolves better
00 usU 1000 u.sH 1000 ) ojsH 10 prediction.
input [-] input [-] input [-
Figure 1: Main scheme of the ALM MAE and RMSE values (Tables 2 and 3) of the

different methods are similar, but in most cases:

- the prediction of thermal conductivity has a
larger error and lower?rthan the prediction of
rebound,

ALM has the lowest MAE and RMSE values,
followed by ANN, then linear regression,

MAE and RMSE are moderately higher in the test
data than in the train data by linear regression
and ANN, while the opposite is true in the case of

ALM.
optmiztion weights Based on the original datasets, rebound values of
andesites are underestimated, rebound values of marbles,
Figure 2: Main scheme of the ANN diabases and sandstones are overestimated, while

thermal conductivity values of andesites and diabases are
Artificial Neural Network (ANN) was built in Pythonoverestimated (Figure 5). The differen@e smaller with
environment (Figure 2), using keras package. The mod&LM estimation, especially in the case of diabases.
contains 2 hidden layers, both of them have 5 neurons,
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Figure 3: Comparison between measured and predicted relative rebound data
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Figure 4: Comparison between measured and predicted relative thermal conductivity data

conductivity values

data of prediction of thermal

Method| Dataset| MAE RMSE r2 Method| Dataset| MAE RMSE r

Lin.regr | Train 0.0974 | 0.1231 | 0.712 Lin.regr| Train 0.0863 | 0.1278 | 0.439
Lin.regr | Test 0.0899 | 0.1024 | 0.858 Lin.regr| Test 0.0976 | 0.1419 | 0.388
ALM Train 0.0703 | 0.1038 | 0.796 ALM Train 0.0718 | 0.1150 | 0.550
ALM Test 0.0430 | 0.1301 | 0.096 ALM Test 0.0306 | 0.0788 | 0.358
ANN Train 0.0869 | 0.1129 | 0.758 ANN Train 0.0897 | 0.1280 | 0.454
ANN Test 0.0811 | 0.0967 | 0.869 ANN Test 0.1011 | 0.1423 | 0.389
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Figure 5: Estimation functions with the measured values by rock types
4. Conclusions can greatly improve the design and safety of engineering

projects, from tunnels and dams to geothermal energy

By measuring the density, hardness and thermafystems a_nd subsurface storage faciIiFies, by _prpviding
conductivity of the rocks, the mechanical and thermal"O"€ Precise, dependable, and economical predictions.
conductivity characteristics of the most important
building and ornamental stones in the Carpathian Basin &8e€ferences
surface pressure and temperature were determinadd
the relationships between the parameters wereBahrpeyma, F., Cranganu, C. & Dadaneh, B.Z. (2615):
calculated using machine learning techniques. Hardness Cranganu, C., Luchian, H. & Breaban, M. E. (eds.):
(as rebound) and thermal conductivity correlated Artificial Intelligent Approaches in Petroleum
positively with density, the correlation is weaker for the Geosciences, Springgp. 209t224.
thermal conductivity parameter. In both sas, the Buyuksagis, I.S. & Goktan, R.M. (2007): International
applied machine learning techniques (ALM, ANN) provide Journal of Rock Mechanics & Mining Sciences, 44,
a more accurate description of the relationship between  299t307.
the data sets than linear regression analysis based on MA&fiday, T., Mcintosh, R.W., Ghattas, K.S. & Mucsi, E.D.
and RMSE values, and this is also true for the test data set (2024):In: p C dXU ¢« u E XU D /vS8}eZ

as well, exceptor the rebound value in the case of ALM. D}lov E <X 7 &k ZXvC ..U vv(C]
With a higher number of samples in certain rock § ESNAX <...1 88 v] <+ "} u]l]] sv }IEP

types the relationship can be described with higher O...- o o % }+15 EI]A}v SHREN ,hE

accuracy, especially involving more porous rocks in the Atommagki$ §¢ /v3 | 3U E 2% U %o % X 11

study. In this way, subgroups may be formed, based dRobertson, E.C. (1988): Thermal Properties of Rocks.

which the analysis can be done or more outpalues (like OpenkFile Report 88141. US Department of the

porosity and quartz content) can be used. Interior, Geological Survey.

Soft computing methods prove especially useful foifian, Y., Shu, M. & Jia, Q. (2023)Sagar, B.S.D., Cheng,
studying rock qualities because they provide strong tools  Q., McKinley, J. & Agterberg, F. (eds.): Encyclopedia
for simulating intricate, no#inear systems that exhibit of Mathematical Geosciences, Springgy, 43t47.
uncertainty and fluctuation. Soft computing techniques
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dZ A}o v] Al}ous]}v }( "l v§ 'CplEeRt@madratic Jexp®Ions became sustained and are
MiocenePleistocene BakorBalaton Highland Volcanic recorded in the tephra succession by an increased lithic
Field isexamined in this study. Image analysis of cut rockontent and presence of ash aggregates indicating vapor
surfaces was conducted to reveal the ratio of differentich ejecta. The depletion of exterhawater supply
juvenile and lithic components within the pyroclasticgenerated a subsequent magmatic explosive phase with
samples collected from different parts of the pyroclastidava effusion within the newly formed crater, building
sequence. Results suggest decreagihgeatomagmatic confined lava accumulation within. During the last phase
activity over time, with a shift to magmatatominated of the eruptive sequence, phreatomagmatism was
eruptions represented by the decreasing ratio of therenewed, building up an intrmaar tuff ring, and finally
sideromelane volcanic glass and increasing ratio of thfellowed by a spatter cone after a renewed repeated
magmaticallyfragmented components (basaltic lapilli, phreatomagmatienagmatic transition.
tachylite). The changg water supply is inferred to have This study highlights the polycyclic nature of Szent
been played a crucial role in changes of eruption style dueC , EPC ,]Joo—+ A}o V] §]A18C & 3]vP
to the variations of external water availability from the edifice and suggests a common eruption scenario for
pre-volcanic porousnedia aquifers of Miocene smallvolume eruptions within combined aquifers that are
siliciclastic sedimentary roakominated substrates. dominated by the thick topmost pous media over high

dz EU%S]A  Z]*3}EC }( ~1 vivateCyigkgstic ppstemss These findings emphasize the
characterized by distinct phases starting with an initiatole of eruption dynamics of monogenetic volcanic
phreatomagmatic eruption in watesaturated clastic systems controlled by combined aquifer influences driven
sediments forming a shallow maar crater accompaniedy not only the pure external conditions main
with the formation of a prediatreme. Once the eiption  characteristics but also SZ A}oA]vP E S &
locus reached the local karst water level, thehydrogeology.

49


mailto:hencz.matyas@epss.hun-ren.hu

U C dXU o u E XU D /v3}s&sIEIRU Dol EIXe ~1118W Z vC I..U vvC] §,ES v §X (X
SV }JEP@#O - = %}eI3 EIJA}Vv-B}EX $h&EuU Plus S« /vs | SU E&9638BR/BL-EW 6060

<s Z s/M >< N Ne|>] <> Neg
Z » ZsK Z <S. d < E ,{ ZK' E
d ZK> ~ A« DWKEd: M>

Y EA Ladrd*, ' o v «Qisolyd? <...A Pp+3 Al Csabd& Falus'C,E#PC

1 §A,e >}JE v dp }u vC PC 3 uU >]8}ei( E &oOp] pu <p3 8¢ > }E S*E]Juu ~>Z'+U
2 8A,e >}E v dp }u vC PC 3 uU <,EVC | 85p }u vC] }IS}E] /*1}o U u % <3

3 §A,» >}E v dp }u vC PC 5 uU &,0 3 }u vC] }IS}E] /+1}o U Hn %o 3

4A1 0C}I}85 d Al VvCe Pl & 0°PC 0 3], 3** PU |t % *3

* E-mail: horvaath.laura@gmail.com

iX A1 8 e VISE}P v PlloU  Z] E}P v+ I_» Eo §
% E u S & Il oU | ,e¢l Z e}vo_SZ S« P &
(oel_v o 83] Z] ®}P v3 E}o - 1] u ol ..
(Jv8}ese P- 0 Z &..o P 1,0 suvsu ITX (s @gsYG. |
v EP] E A oe 35 E ¢ <l u%}vsi +0X u P-ipoe
V EP] (JEE +}l i 0 v§..-» «EeklovwIER]%UI|_» Eo 51 ...0 Jv _&§ *5e0 Il u_3SA iU |
§ Eu o« ] ..ol 1}eU ] ...i & «(°PP... <0%]0% AcolAVEE W 3Su]v3 | }o }88 "]U d]U

(0Z siv 0 *] o o}l O okkal]JvAupa 83 u PZ 8§ E}IA X Al Ilv VEE ]e 01 <G
Z] @}P vP I P }oeP] ] (JEuU ]¢I v¥o PP w¥%hA wBloU d]JU o +« E I}v VvSE
(,0 P18 E}oel v A oe & E}o e+ Ao d]ops.5 R G _@&]I,ENGL myl)nidddgtak. A
§, 08§ v EP] 0E IS E}l » E U W]IE}P VERElueolee Eo 3§ Iv 0 Z *}voeU 7]

UPZ o i (JPC I8 «5U u i Alesl ips@ _®v] dIUo+b® B ES | | ]85 ]+ 1Jups § +]
Ull}@E T JP vC IZ 1 | % 3 vio § EH]alatia voltak.

1T o 118} _38A (J0C u 8} E u 06 § *3X( ZloE}P&P U} ool u} oo v 0o_3§
Al.18 EvelE 1l,0vZ3&+3 ¥ wloUsvCES | | (°PPACMgA oltotd Si

Ips 8§ «}1 1 ou-08 AS3]I v §E 3§ Z-ES)BE 3Yv MW ov Il All «}o § v 01 «E

uPAocel}jovel E «I| «}JE S5 ZPC3I| vVC]SA X vv I
i PC v Ius 3 suvijleo «1Ed} E | EA} @ K- P3eb| P o
PC]l (... ol}8ei v IU IAE vI Z] E}P v Pil o A o-

l.o+vZ5s -5 All-P Oét” e ®o ST Pyl gt VClu » ¢ Z-3uEB}uowG}v

P}l u]lJu} oole.-P_S-P AoX APl &5 JA48 EJPV ~« E (E V] P le | _o

. . 0 %i v ou}v Z §U Z}PC E v o1 E Ale

iIX vGC P e ue ol E Z] P v P11 v]ve I°0,vo P s Z 3§ eeo0

(}oC «}oi IAE }os «3X |_is Eo § I

I 18§ e}e | o« 0o S1Z1 Jeu EY ioePA}s § 0% 55 0 (P33 3}85 u} oo o iso |

IA E IE]+8 0C ,oo] §,ES ol U * |&8 Z ~IEOHUVE | |_H%EBZEE..1 | o... ] v ullpus G

ue Il E3v3 "oveE& 8§ o0oX ~1ilie anédélbe. A P 15°]

LA Sl i.. ue)}vyW T P u P3PAE_RESU  oi

clusu Es8% IAE «lu-Il3dizeed |ryddfomes A_

I A E@S°vI el E IS}E vC vX tl_e« o S| v ii

i ® vQu - - il £ Z..uE-los, v°.°€E§P'K’><E’J EA JU XU D]l U >XdXU G

*luwo oSl — 1°0,v 1. &1 EA} E "QEVOOALIEV-E&ES & B+ Wravsz; 22 {2023): Journal

*E v § § E&Se |_+ o S| ..o }ss of Ener yIS%laé'eS,6106737.

o 3ulvs s A \ééovl(lJJ “ul 0C | b v, pd Igsgﬁfﬁurst} D.L. 8;A pelo, C.A.J. (2013): Description of
* $}0 ¢+ %0 lu  }%S]I ] uJecl]es <% iﬁ[g‘ﬁt Ung & ar1%3|85 for PHREEQC version 3. a

All«P oSpvIiX P}l u] u} IOO | -2 1 coffipdfter_program for speciation, batekaction,
u} oo l“l *1}(SA GOES -W & Z”GEI'S ooéﬂﬁeﬂ Shal t}érﬁﬁf) rt, and inverse geochemical
Z slvosulX I v(o® & (E&v] I_+ Eocylaions Us.!Sedidgical Survey, Reston, VA,

50


mailto:horvaath.laura@gmail.com

H C dXU «u E XU D /vE}s&sIEtRU PO}rod EIXe ~T118*W Z vC |...U vvC] §,ES v §X idX
SV IEPQ®O - = %}el5 EI]A}v-E}EX ShEU PIps 3+ /v | §U  (E9638BRIBL-EW 660

Z W A2A<[/dP>d M < K [/ 'z '<
BAF3,-3A » & &jZ | E

HrabovszkErvin®*, D}ov ME 8, (Eo <lu & Schubert& é]4A&

AP ] dp juvG PC S u A vGCsS v]U "}l u]l]l «<..185v]dvellURAIP
2 & v] PC 8 uU dd<U &,0 3p }u-v€]&, 0331 BUd vAI VT E v

3Z 1} I18_A ,poo 1} 8§ <1l o... <(3XU pu ,E-

* E-mail: ervin.hrabovszki@geo-szeged.hu

iX A1 S o iX & uvCl <« I|,ASI IS S |
Z}eel- 03835 ESu- + v PC I5]A]3 A BERT]}(IEEA v PC 03 E... P v §]li-
Zpuoo 1}l APo P+ 0ZoClieU Z}PEP vAFo PP333 ES ou IX I PC e« E I 1l 0 ]38
E sl vU uP DPC E}E-lI P}v <« A PCPIUPEEXIE]*S oC Jv I I, A 3] oC P
Z}eel-8 A- ]i&)}ve P}3 i 0 VvE.. U OCAP]<& W+P u}iPs Z] & pollps &, & » IE
§ E}o* 30 %Z oC v I Ipud §+ I}v v ud®VAXI | «3u v3 «A vC}l 1] o3luove
fooC usd v A vX KE+l Puvl § E00tEAV £ oPo.u Ee+ lo §vU u v E 33
oP_P & S- | %ol... u vGMecseklie@ pPof] pu *o 3, ES v3U PPC v II}JE o <}vC :
0Z oG Il .. } 1 PCPl.. &Eu ]edAiufoCulSopE]lues (ou] pu}l Je i}v}e §Z $el
v PC 08§ Ei e+ U A 5 PeP o 1]* ABARE ]S ¢ & <} v 1} E v I}v}e §}¢
% Eu ]0]3 0 %oi V ol ous oVEBC EP &)@ ]+ «I]vi v u Pi o v]lU u
1] o1_8 +« & X...18poli }ve P}l u oo 88 35}A.1 BSES_%pue ]+ u P(JPC 0Z 5..X 1 PC
§,E «+ ol EII §] ou] uvdv Ei% VSl I%.l.. s+ =+ clacksealing~ *}E v
(o] HUU]PE ]¢ I}v v io0vVv3..eVv 0 @G, S ZEGE v i EU uoC | o ]88 IE]S

vv | ]1}o Jee Spo i }ve P]3X wvvI @&3$ou YP uP vu I}v}e 8}88 G 8§ Pei]o]
| %o1... u VG Vv u Pio v.. A&} EE Y HS®uU IXd}A ] E |+ P iv EI S ]Joc
AlleP 0§ o08]* RILBZ 0 0... $ 0 %Z 0Gil]Ado0.+id P §X(op] pui EA vC}l Z}u}P v]i ]
: S § o oi vv | uPZ § El}iiie £ EZIPEE i oowh..8US § %o 1A 1} & v
o I %l... uVvGC ]38 0 PV PC}i} Ve BPSPU R o 1D.80-@=s 0 +}VvC
v -1 &E - v I}E v 1}vPe. §}&B8« 1o 8% u § }E]Ipe *i°0...(op] pull I,i
EP v E ]l 0.~(}E PACIPI... § +8}@* v vu Jou ES Pv E ]88 A3 P ~ |«
o3 ]vU pus oA 1l o (op] HUulP.(Hl & wZl &GSl ...oU 1 013 0 + }o}uls
(JEuU ]* 0 %38 1% 1] Ei *I8Z §...« P @IXi I M@g v+ (op] pui EA vC}l Z}u}F
% E}i 1§ & 1 | v§ 1T v | IJ2Evélaminta Z..u Ee+ lo §EVVUZ PCeti+iiE Ui0
BAF3,-i ~ ¢« E 1 v-8¢ (&E *}I € ]88 Z <ifivoL Sipl e.. APe.. i P}JOA ] Z..ua
,oel U Z}YPGC (083 Eipl 1} P v 811 ] 1 %PGo B ]IEX uljv...*%0v IU u oQi}se%wd}e K
o1 § § 000 PC°38 PC i 0 V.. *¢3 ES 0

I
Pl

TX De oI E | E $% +i°0..(op] HUE+0 Epol} v IX
ABARO ((E ¢« o0..1 8§« & uvGC ] 0 %i
| El %l.. (op] pull 8E vel%}@Es GAZGITufE fvy 02 S..11JU u oG 1 v 5, ]
UP OO % &+« & | v I «AvCle @& IU\Sykpils S u vvGle P%U 10 vo P uP
IE]+5 0CU}E(Jo+P] | 83U v,A | <] ]E G'i:ysés/‘t%g& c%&i Jo¥ VS (JPC oZ s.. uP.
UJIE}+ile%% 0 Z § E}I3pptikaiag Xoemi (OH] pul €A ve ] v 1 So P}ev o v PC} -

uPzZ3 E}zse AVCH S Zuv 4B U MNAG U A o ulvs  u P . « <o

P & P Ao I}v}e 8}35pIX €143 WE VI dtp Byv USERSIUS GLIHITE =
E % + ]3| &+ opulv 1 v u]laa}-i|-%o§8o°o%l3r--cg1§°|' (Fx! s o sE Z}H-U %}S v ] o
i E 1l v © % 1e18%  (op] pulGEASVCHEE © I}vie s e LA (o0 ST

UJIE}S Eulu 3E] ] Al -RY05 2 DHSBEES ... . .

§,ES viX ulvd I v PC} (o}vs e AlXpP b, ¥ sSHMGEOA vV _S o

0 ISE}VU]IE}ile%% 0 Z i5}535ul A PE Xo v auS §(+I]*}IE ul §] <pus & +JU & io
*5 o »lev}/E]P v]i}8e% E vGC Jv I u PZvBAEH++ ,]JA § 0 ~Kd< W (86i6is o z
HUNZ E S}uu Plpu3 8« /v3 1 8 v §,ES vA¥o I} § <1 0.. <(8X 8 u}P 8+« Aol «i%

51


mailto:ervin.hrabovszki@geo.u-szeged.hu

U C dXU o u E XU D /v3}s&sIEIRU Dol EIXe ~1118W Z vC I..U vvC] §,ES v §X (X
SV }JEP@#O - = %}eI3 EIJA}Vv-B}EX $h&EuU Plus S« /vs | SU E&9638BR/BL-EW 6060

W >> /hD >S&KZ h> A D 7
ME EW E D?”"&eD N <Z/d/-
<hd d *j: Z D Ez |/

. P \Gktor**, Koroknai o fed,Ed oul& <evCW & &
Al 0C}I}88 d Al vCe Pl & 0°PC 0 8], 8¢« P U &,0 8§ v] "l}oP 0 83U H %o *3
2 Geomega Kft, Budapest
* E-mail: viktor.jager@sztfh.hu

i X Al g o i v & |1 E°038 1 (0Z «lvo +E&SW EJU }
Pd, Sble;, BbSe +  |[Mdlti-element standard no. 262

I Aed&, 05 0 & U}P §)5% %oCE?? F?M Tapglo[ Corporatio P.O. Box‘ 7087 Stanford,

E UVC] 0%iv | M(op u-dooP } V06||n hXAX X | oA PI 853 uVCE-
11,08 & vGC =« 1945 Jv ]I ]I}y, 2028, ~-$<ﬁ )<§ upus ss 1 -ISv & | oS0 u
P E $ 2024% a Mecsekalidev % 0 }1}}s S ul | Aed&. &0 5 v] AJoP o
u s ul&(lsi Js 2 & vsjo- S, (-E e 8 Sy 85 v | «i°0% | W EI]v ou & E
Z +}voe % & P v ile% v u «( ulv ]l ]e é%w &ogf Lb 2 pps & g X

Woe Do s ve LISS] el 1 - livX gﬁ&] |.u.~zz.A‘|.Po§l
U 00 §8] (-@E » +0 }0C V %]E]S * is & HHE( s g%qu.gl yz - Al i3

1 ®°35U u oCDN All4PWo 3} o %l ¢ -%& |

EE ol «1°08 | pu vs]l
1]}o e+ +i]v§ v (E liw @utadazott. Mindezek ( *1°08+ P V « fwu

E u E...* PP oU

0 %i v P i}oev]o 8<i]l I}JE ] ( ﬁeée'ﬂo”"i‘ﬁ 9 %]‘fé vi P JuSE] vU dzZ s Id.
VG_E +] dev v }oC v (on] pu & u@ SFEILYNWEIVIIY S E 2 iy o STRiexe u T
i i0})881U uoC Il | A% | v°d£-~b X I.I,§s] «1.PS ES}u vG v 1 -1%5 IX
I}Jv VEE o0+ v IX |1 @& vg o JoedA NG "I $A 0 +15-}oZ}s &
0 IEEpus E -l -ij&dGEu §]1pe %] E]S ?'ka'mi‘ZtP”k
I,8... ]11U .(}E& po %o } o Isl]v S]lue
| EIvg ElQe v ]e u lsu 0 1P HX odE . 1Us a6 G |
~i606de 03 0 uo_3 33U « Alt BEQ VvIGE d] JE o035 o
u Pe uujle®0d ( o§tGEQ%b§,§§ PE (]3%Xd &-Gu PAJIeP 0 3} W U Wpeis |
uP3o0oo0Z3 EusdEVG $« Rw +]IXD...+VvC 3§ E* P ..o0
PE (]8% 0 *0 u U §,EuU o | - (CE]e }E%vu-(u
]+ 1Juus 8Z 8+ | AoRes\Wdd oopE] *A VQ}! Mecsekaligisv % o0 }i}}e u & uYE(]Si ]
(JEu i vX Z & v3}oe (& *}I v PG & I wu Psuuleo
. AlleP 08 (@& + vC P}l + (ocl_vd E2& E *MC P}l 1,i°0 PC % ] (-E -
«l Gule ulvd | &, « P vl % &P vslld A1ppud 5] ~56i0li+U PC D... » vC [°0&
11,88 «1}@E}e ,+e1 (°PP « | 0 Sele v Il o vldee veeP v I iE A]I PosdU
uoGC 1l Ips 8 «} 8}A J]E VvC 18]« uyPvd i I¥ui e« « PC u]} v I Al vC P

R R ~%]E]S ¢« u 3 ulE( IA E |3} 3 ES ou e
TX s]leP 0 8] ue I E | u 00 53] (-@//+ ~Whli+ Je uP E..o_3 35

lev P <l 1]8 GEi e v vu-ee(ulus s

%}0 E]I ] Uu]lE}eile%e}s A]iePO0SE}PleHasy L SX
&,0 8 vl A"NloP o 8v Il o }E §*EJuu _vU % ]ed (yIKkes VvC P v | %o | vC  (}(
/u P & 1D Ips eu]lE}eile%}v §,ES vElIXA S5 P@®o]S}S SiF&Es DREE }v S}

I 0 ISE}VU]IE}eile%}e AlieP 0 3IVZ; }® %oh V.-stidgnt]So ]S« « vCZ v IA E }
(Silicon Drift) EDS detektorral felszerelt, Jeol-JBBAOHR € 1 + 1 v o A.. | § lo I}+} }§§ R@E]S vU
~W eU Al vE P}§Z ] <pu$ &1, 19%F0GHR « O bEpp I]A o °}| (IPC oZ 3. ]vijwePP~ 1 &
~ +Joo P 1 8] « &, 0 5p }u vG] <u3 $-fHUOI0S &l 4. §S{ | AwearioAGsaisse  S,U P9eX

"} oul] /vE 1 8. 3 E ulSEPwU]E}-Tl. % R,Go0 UE U 08+U - -DYPE]I4P/ WS} 0 %oi v
S, EE VE | Ti Is PC}E+_&« ( +i%0&e POGI Qb SEXE » AQKE]S « 11«1 ] I,1°0 P
&, 08 v] « "} u]l] /vEi§ v 1l AE4 1B (]oo]SS o ~M( op] D S ulE(]s

52


mailto:viktor.jager@sztfh.hu

H C dXU «u E XU D /vE}s&sIEtRU PO}rod EIXe ~T118*W Z vC |...U vvC] §,ES v §X idX
SV IEPQ®O - = %}el15 EIJA}v-E}EX ShEuU Plps 3« /vs 1 U  (E9638BRUBL-EW 66

0
VC]OA VA o+ v § I8}v]Ipe v @HEHPOGMds..UA biipws i1 Ru |,E°0] Epslo =+ &£ v}s]L
U oCe P]Jvd EA oopu Vv i 0 Vv3l 1..U 3 0FaZ+3v | %l].EIE *UX
dolomit-+1] €E]3 & U | § 10 1} PE V]S %0]B3VS ~®uEIPIC], 1,33 .l E°0% v PCU

DS PE v]s <}U%00 Apuue A}od IJupd 3713 SE WES bbddi %efeb US( dbu]tE‘)](’R-llJI §§]

u vvC]e P vU ,eelZ vP v MEDEGIS w & 5§ vX I]e u E §-uZ SAJUI{PESG S v u A}os
kimutatott elektrum-1 GEA vC}Il oX 0Z &« P U ulv PC]I (1]s ~& I°0,v ,I

I M( ouS@® &« 0C90B @&+ u § ¢l}u 3M900% ,I... u E ] %}v3*» AJDP 0o 335 o
HOSE 1]+}s & 8 Z §}08 ~yZ A]ll+P 0 BZ & %E}M3F0opiESW]}u SE] i 0-%i Vv
u Pvi]sU lo0}E]SU IA & U u Pv 3]3szobeljedszkisadbuoyit u(RaTePdBiPdSb)  izomorf
| § 1o i}+U 1UA uu I,E°0] ( EE]IE}IU]393PCIEEIA PA]IXIFI%0 }§posil]3 o u
1:1), gersdorffitot, kalkopiritetNi- } eTpo(] }1 8 « @an ol 111X 1 PC]l % oo ]Juu 8 oop@E] (

(Jviue P & Bu » EuyAls$ tartalmaz prdé Ru s | EA vCl v Z £ E +Colkes+l §%U
sl]vli]v u 8]Ips % ]E]S v o -Bo.szuffidp B]EESBLU- P &k JE((]S 0...(}E posX
I EA vC | viX ( EE]IE}u]3}bazdag°o PC IE v E]

%] E]3I}1}E- I1]( io.. ,35 I]X X Jellpeei]e
PC Z Gu ]I (*C + v ~Wxitidelea op WI
ul]} v W eel }o ¢] D «il... &YEu; 1s

I1e1}vPo}u & Spu § (-ES g }og, Vo }q} ?&E(PGE (15% o 0..(J& uo =« u

IA E ]8I Al A 08 ]eu ES33 U
SIE]+5 0C}e} }3
SIE]*5 0C}e} }3
%] E]SIE]+S 0C}

sZCEvs}o-(CE--o ]l C
g UJI IsGEuu}sU A ou]vs PC (o°l_
§ IAE -oU - Z 0% }6' D?Ea]'s( {1 % ] Pyvyeis]i ov]X 1} E

8§ IAE *0 %% (-0 $1t1uy oo <iiPI«@ W§eio®E]vE VG«
| &l S“%EWEZ}S]V Mec | | o\ P i %o}S Vv ] 0] (

N N . ~v u (
%o“| vu }u}CE‘(-I‘I~M X IJE oCA]l « ~ iMS Vi &0 sV §11v8Z §...U
l...1 § ..o TUTIA %0 % u E vC S -Mus ﬁ§};*/vd é]}l} |Vg | (E90& 0 & u 1§ «E X

AJl+P 0 $5 oX . VC U OO BXF = 05 0 Z CE vi}os I..
o . N . N (S Io I}%} 8 ( EE]IE}u]3 -dolomitasPv 115 «
|‘X| E (]3% o A]leP o0 § I« ogl]o | H%i v E 3]o P ~HOSE » 1]+}e
A,oPC ..o UoC U3 UulE(ei]s *}E v «ipo(] }* & 0 lpc
R R | E +15°05 EHS ou- %o |@E]S I}CIEE]IE}IU]S}V:
l..l'ss ~ &lIvC] d] }E PCY%igsS| | A3 |0§u] ] }ipo(] }l « & EBu « E vC
GoIdgrund(Aranyos)A oPC PC]I IA & (Joo]%j( 03 E « eo0X
(08 E - 13 uPpPe uu] °08X -els, X o/EmA@o PPE (]s%o o ovGC_ES PE (]%0 L
PE (]8$+1°Etelc@Ay |...1 Sulvs 1 yZ AJ§B QEqklu]m- A 0% I} « U -di viBS.Av &
0 %oi Vv ~§-zuvP9<’5T 9 1A E U @ % BUOIOo9y Iv | ~%o0X hU D}e PE (]88 0 * %] E]S
%0 P]}lo «1U 6 9 PE (]SU 0 9 ]}S]SU & 9pled&&]sUyT @i dWw ISISPC }oC v ol ES

79 % S]§ i 9 0 $5] u vvC]e P Vv %]El %5 ES aswl}sgXo v PQQ]e P¥%

A grafithak kvarc -+ 0 A‘o- S( - u]‘ss Ul A . *QC P Juo e+ wu] §38 }AE]P vel P vC

HF o ( 0}0} Ml IAAE }Ss 1% Eo Pudz_&Hi% Y E 5 JopEvV h % }35 1]

oldhatatlav u & } AE u ESCIX 1 E upwE vpviei vse elpo(] ¥} I,EVC 1 8 vU u
PE (]8 «- «]ie0 1I}v}e_8Z 8+ 10 SSubxE sl (CEESMPE uy x 11§ v §00Z 58
0 %oi V. U]JVS % vSo v |$}S ]e S ES ol §Xe | | ] 58 ( o3%vtard ou-E]( EE]IE}uU]S
% }o EJI Jee u]lE}elle%o}e A]l-|Pu0 S o —swop@E] «cAvCv Il ~I}Spos

l...1 § v vC_&Ee*el 0 P}l <l0o0zZ §5..1X p CFCE(@]§ISUO PC°58 « i o vo § U %o V&

«l €11 8%U Joo 8A ZoC vlvs Jvaldy ¥y BSvdx VDJv | }oC v ~HOSE + i]e}
SIE]*S oC}-} }SSX PE (IS Z oC vljv@& vgsEday (LB dull z31o0 % E}8}018 | %ol

ool 1}8]8 o u ll 1l oU io00 Pl §e¢ .iFol* sUEPWL &0 oIP0(1°0E% % | i,Z §5 | 0 &
%0 }E}Tups - ~EIEHCE! « + v PChantari, - kalkopirit, gersdorfiit, Pq 1]+}I1 o e
*1°@E] }oC «-I°CEl VII}SE %] i E W¥ZCoX u} 0085 0 & u *IS( UZ}IEC ,v 0
(o]ou &z s..A § «1]X & 08%v.. JPUIVS  Mped&E i]e}e 1.1 81 ..o ups &3
v PCu vvC]e P% %o §]SlOVOSX [°0,v,» v eipo(] }* % E P v i]* ...oU Z}o
A SEM AA]"P05}| %ﬂ'lyﬁlRUWy"?aVCEv Il}v. v§E o+ ]JIU | & P i « Plo P ]

| $to RU,E°0] § Eu » E vC 1 u V680 uyo@Ed 63y ~'E uu §]b}%.}200F> Dill 2010).

(Jviue P tAuswsAts U 11 BuNiCoFszulfid, 30 D]A o i}v v Z] E}$ Eu o] (op] pu}ll v
Ru |, E°oJUEE]ou: ( EE]IE}U]S <1 u « Y Jid]RU 1uWE P] %o &§]v ~ 0 +}vC WEIW C
| 01}%]E]S « «I( 0 E]8 <l u=«IU (of¥nuy WUy e dP 1] 1 «uu z}PC |
PE (]SS o PCC°SS toil (RE Up€E VIV]ISU oEE o 1]e}e § «8 § JoC v Z § ¢}l |+ EZ &
Aoul]Ao | A ulo] vés drzékopiEt, R u

53



H C dXU «u E XU D /vE}+&sIEtRU P}rod EIXe ~Ti118*W Z vC |...U vvC]

&, ES v §X 18X
SV IEP@MO - = %}eis& EIJAIv-E}EX SREuU Plus &+ /vE | U  (E9638BRYBL-EW &6

0 6

D]Jv 1 18 i o v8]U Z}PC A]l+P ofodldfoip S v u &

270tii7 u]oo]ls AA o 1 0..88] u8-u}E(+I]+s ~> ol »

& oA E] S oXU il u-Rkelsaulidskd} sy s (2010): Eacience Reviews, 1001420,

% 00 Juu}s - & VG S S ESoulpo~gloSsE e L'k |x. -i558-W D PC E}E-
& & .V fd L] L] L] 0 L] P [ ] 3 .\

l...1 8§ «¢§ ~CE <lo0 P *M+* 0 %WuASpuo u VWAO Yid]lpu //X | Ul ] <] *U 1 % *3X

% ] ((E - VS 0-0I}80]E VG Grammatikopoulos, T.A., Barr, M.S., Hiebert, R.S., Stanley,

(JPG o u® u oS-U Z}PG A]V‘I'P 0 St ock e Naldy O?@OOJD:The Canadian Mineralogist,
M( op] D S UYE(]S &}EU ]*S o0l}Se o 45}/2%5]:79_ el

1 &] 13(]o0]8 ..o 00+ |...1 85,u PP o. & ]¥S| Ly boly (_IE}-&X - A E X ~Ti1TeW
ovC _E3 PE Vv]§ %o0]% ® v &) EQ] p-ghggfong Yo IE o€ i
0 SE }oC v %JENIE-}DB}. EP v E JsUgl0Lxy | iy 'x,xu JU 'X ~ >pul} il
N L] N N o o ° ° p3 & ' ’
ICRD pru P& 1l o ] I}v} —SZPSaTaé/ogeography, Palaeoclimatology, Palaeoecology
aranyat (elektrum) tartalmaz. 650. 112372
ooouly v s, &@uols f0 110 T dRed®S o BOEEY CXU  EI ] WXU &E vI tX " E
‘i u s u‘}CE_(U Ao]GE]s‘s § ES ou I IVA CEAétﬁlGé)]oéihﬁ (%%aﬂc\é] 51]3/1,085,.
uot ]P‘ll}o‘| UZIPC I & VG I}V vSEG s ﬁ@f:"ig‘}o is Y Cabri (Ed.): The Geology,
| A CE|]°| well YE}P v ] v 8+ 85 u s ALIRLSHN Milneralogy and Mineral Beneficiation
S JIX of PlatinumGroup Elements. CIM Special Volume 54,
< . < . Canadian Institute of Mining, Metallurgy and
<,*l,v SVC]JOA v_S§ Petroleum, Montreal, Quebec, Canada, pp. 2249.
<, l,v §71 EIvC]d] }E %E}( ««I}E -Ev IU Z}PC
PE (]8% o0 u]vd i 8§ E v ol l «°vIE } » i3}88 X E u §Z
W3S EvI «I8v E ] a3® Ol v vC-is}ss

e P_ 3¢ P & I,el,vi°lX

54



H C dXU «u E XU D /vE}s&sIEtRU PO}rod EIXe ~T118*W Z vC |...U vvC] §,ES v §X idX
SV IEPQ®O - = %}el5 EI]A}v-E}EX ShEU PIps 3+ /v | §U  (E9638BRIBL-EW 660

<Kehsf(KZ N sh>< E/ Z E Ne 7
> s MD: /E < <Se dd E/ s/eN' >

JankaW 8* @& Pd u % MarjanTemovski®, v leZsolZ3 PierreLahitte*& D } o v K&
1 §A,e >}JE v dpg }u vC PC & gUud.]1d8EVIU P % 3

2HUNZ E 3S}uu Plus 8« /v3 1 38U E v

8 @& v] PC 3 uU dd<U &,0 3pu }u-vE]&, 033l BUd vAIvIig E v
“Paris® o C PC § uU EZAU ' KWAU W E]i-

* E-mail: peterjanka5@gmail.com

i X A | S o trachiandezitek. A GB, CTl, Kei ¢ < Iminta lett
IJA 0 «i3A S o0isl..1 8 UG U 11 1u]]
4y} E « Apol Evela@ Ewp &KV *Z}eZ}v]8}s }E} 3Z}1 & ES3}Iv IX
7 & CE<}}V1VG(:L 0 0Z L;OUVA] \BQV¢EP & %ou IuAySX %o} E(_E}e u]lE}Z}o}IE]*S 0C}eU =
I8]A]& « | +-u]} v&..o %o ]+18} v § &y j&fginta, amely ySEJ(_E}eX  u]vs |
UOCV |l «}E v i u} o A su . 9o Lilo.... VvV %0 PtjYi®e i Iﬂﬁv}/oo]GE_}ﬁE vv ~A9
%] E}lo 1818 | %ol.. 58 ~%oXW <}o]Plis(B%l,kglR, 2. agﬁe};ﬁfF] K 1.1°0 Tovs...
0XU i666+X & E°0 & Apol v]iupe ugcﬁ@“\/cﬁ?m/ﬁ g & d “]VS' vou P(
§ Ee P 515}v]I ] (i0.. »Z 1 ~%ax ?ﬂ?l@a’f'm fB/‘& aKudd « -1d u]vs | v
MIAV z v A & oXU 116X A]ivRrass g 1Put, (JE& po ~u Alupu 19-U
Apol vl & v 1 E v(;uPé]CE-Iv“ HJ' «jvs 1JA S0 Ao I A- uj
ulvd A 301 ] ZoC <}i | ~<}eU (BI(\?S/IA ( v\} & ? Q}/{m vwCIP 0E vC 1191019

(7213 U)<

Ev duu - de . @AV oo =P 3 }V|"s9 bswx.lgluﬁvs /flovs]};]vlu I
(}Pooi u P vX ( v}IGE] oc;}| | RIS VIIv §0i sv o IC
o « 3 0l}s % 0 P]}lo oI o l0]v}% ]E}A v i 00
X 0l]S$%I1 U A]I'P 0 §] Ugivd o@s I 1 %X D]v Z E}u <A vGg 3

. U P(]JPC 0Z §... lev ee P JeX 11813 &E ... v

_Ips s - ‘é (... (1]® 0 00X o0°c.. |IAEAV -js4vsS. |}534|5I ulJvd | <& vU Z}o
oA cu}l | §]V| E 1o 8+ % SCE}PéGoK] lvicoo Wl piSo v « X uJvd & «P A
A P 18°] 0 %o}f) €EWP oix> e o ISE}vu]lE} dle%y v 3 ES oul u (Jlpe I1E]*8 0C )
*P_8<P Ao | >d ddH al].] dsvvl | wb v }oJA]v F }E3}%]E}AE v F l10]v}%]E}.
A o ulvs PC e+ $_%puelieclu]4)l 8]0l %0 P]}lo i F -%] 3IE]F §E po o0..X
oul « 8 | u> e« API8 X <_« Eo §] i qEsP® 01 /ADs1 (... (1] v %o sqg}pCE (

noA 8 ELD % || slc08 | A I}VC ‘Irl}p SILEs@XyCl u] ] §} 0 %i v I]JA 0 18]
(VGU]IE}elle%}e (O0A S ol | «I_8« RiUgAROWIVEEE 0 Z § E}lipl u PX A F

l..1 81 u} o] IJu & « ZAdEJI}E 21T+ %}SUS | 1Ju%oo £ % SEIPE (] ] + P} ul ] i

Nikon CoolPIX E950 karE S - B/ vSe & (}B*0 %A §.. % SEIP v 3} 1]d A}l S

*I}(SA ES Z «lv oSpviX E +io & « «1,A s]|ﬁ§I§P 9 SHEKY, We “iiuco% E}i I3

I A VC}l lev ee P v I 1]8 EIl % I o Zg@bggoxl

IT6 SEM v  Alesi «l0eESE}v ~ " | % | §

| o1_8 S§5°VIX EM % | S I WE} "1 v Irbdsie/ml v P

<(8X @3vooll & } + 38}88 dzZ Eu} &l*zZz & ~] vs](]

WZ viu y> S_%pe- o ISE}VU]IE} Il Deavard2andv,NIé&éimfovski, T. & Burchfel, B.C. (2005):

ul]vs | S oi = \C}lu o usS8 ES ouvluPz S@é(}éphere 1, 22.

ICRK ~ « /DW us o] EE o §,ES V38X : O\M};AHIVU Aj(U } AU X ~ A~ & (Ju}A«l]U dX

Oe.. lu8 8 ¢] (1]* & u vC ]S uus Si  Xvp o] &]}veU iX & po&C }( DJV]VP v
262 p.

iIX E u v(; | Kolios, N., Innocenti, F., Manetti, P., Peccerillo, A. &
Giuliani, O. (1980): Bulletin Volcanologique, 43, 653

id ol «i°08 % }o_E}i}88 A I}vC ]38 § E <io § «

% SEIPE (] ] o ul e 0 %oi V | Yaney, Y., Bogv,\Bg Poglioni, C., Innocenti, F., Manetti, P.,

s 1§80 v VPC Ze}voee P}$ ups 3Wul ¥ XU d}v E]Jv]U "X " [KE I]}
Mineral Petrol, 94, 4%60.

55


mailto:peterjanka5@gmail.com

U C dXU o u E XU D /v3}s&sIEIRU Dol EIXe ~1118W Z vC I..U vvC] §,ES v §X (X
SV }JEP@#O - = %}eI3 EIJA}Vv-B}EX $h&EuU Plus S« /vs | SU GE—963481%21/6‘19EW 000

ACGCKAIT< > /d d > <h> N g/en" >
&d/Z "W <dZKAe<MW/ s >

Karlik D &%, > | ARet!& E u S 8§ E
IHUNZ E <]Joo P I 8] ¢ &,0 S }u vC] Ius Sel,1%}v3U &,0 3 v] « "}l u]]/vs 1l 38U
* E-mail: karlikmate@gmail.com

A kalciuml E }v & ue }epo 3}l el 0o sEIMEOVI... Eul E s ESSE Wi (BKEuE]-€E
uP3oozZ §« | § Eu *1 8§ V ~ ¢ % %]lVAEUA EB,* | «% ISE}u $ EE o A P Is°IX
l..1 81U J}osP] ] «1 EA 1 &1 Al «U Allovw]ws+8l E¥PIZ S §50v] o ,esd@®chdov] diii
% %) E 0 Ou]*l*E PCePCel E]% E V *%BeISEPRPGe 5 E3}ul( MWE 3 80X <,E°0 0°c

U VvvGCle P v Z siv}e_S8i X & v Juuli]upr 1113 <1 0]58 8 ES ou- ujJvd 8 v PCel
1,1, u Pl°o,v ,i8 8°vI A _lu vs « ~1«d}]30.. A ECElEY vX
E P)v]&s « A 18 E& ou- | €& }v 8§} & ~ulV}Z|EBIEWNEYE v | &d/Z E v | oo

ikait, amorf kalciuml & }v sW X & 0¢l_V] VCBUIWIFEIP oo lou P oe P ]§ o . ¢ 0 33

Z..u E«lo 3 v o]8% § Eu} ]v 8]EPo® B [$3A]bP o3l <3 3]«18]1 ] ues oI E |
Ue }epo SU uP e« DP 3§ Ed ajagonit,os]$*P o Spuvl & uvC | vs Z E&}lul}u%o)
0 *}VC Z..u E« 10 5 v-ne(pd>® az%ajt E v I E | | 0] E ]+ PC vo 3 ]85 ]l E°05
(kalcium| E }vB £ Z] & S | %ol... * % @E (ECosXo0led v] | 30 lpo«u E51 E X
E..ov Z] E $ 03U IEJ}IPV Z..u E+lo3vVv | %l..

S o0 §8] Z...u E- Io Sll’ﬁdaibﬂﬁs o lpo

5
kalcium!| E }v 0 (
§X <}E ] @& v}U-P(]P‘(; 03 IU Z}PC 11118 «0
oL EIE TS ubE(Fog P]QSU 3<UCE (U s]flﬁ“{/vxu -191%C6h} VU X' X |

I
| %ol.. ... 1 0]
U <XU E u §ZU dX ~ 73]

$
§
TtV s]IGE- § oXU TifTV «}p § oXU ||,\|p fl

I,EVC 1 § AJl*P 0 8§ E Z +lv 0Z &=l ~s] lSéEnuﬂéRe?)&ﬂ'tg du%éé(ﬁ
Az ikaitl 0 18 3 o lpo « <}@&E Me 1l i o v>A| EU **XU D}pv EU XU U VCU >XU <+8

~>EGE § oXU TiTiV «}u § oXU Tiioe « L (Fy -Is] S &9 JES oU 'XU E U >X
| %ol... .. 1 o]S} JI}Se%}e S v | DJ('-Gf(YJQv!/ }®@U XU E uszU 'XU <u @
E [}veSEMI ]ei A 0 |~% v h@Lal, 2016) SX X:X ~E u $ZU WX ~1i1fieW @ECe+5 VP

Az ikaittACCt 1 0 ]S S o0 Ipo « «}E v I}u}o%d]z A . |
az ine]sp o ul U lv PG« IJu%}v V'\)|cl/é?sl Vv §|¥l§é|]s M., Rickaby, R.E.M., Wu, H.,
uvvGle P vI uPZs €}l » U Joo 3A énl VSCMP Ullmann, C.V., Bohrmann, G.,
1 0 VO S XI <_;S § epvikaitl b ]8 § o lpo ('j |elhagen R.F., Kassens, H., Schultz, B.P., Alwmark,
AO]I'Fj Lk : HEHEBEU (& AlE,. -~& ibault, N. & Korte, C. (2022): Geochimica et
* %o |S$\}'II'/§)O] A oX ujv...e P] *u vv(;bosP CHI |c &Etg 334 2016,

L] L] 0 L] S

1] }9P}I‘ Z}IV 0¢... 0 %o VI Vs - 00 fcijs%“ ertlﬁ i_ Habraken W.J.E.M. & Fratzl,
1118 (1]} S8 ~>1 & § oXU TiTieX i 20 2a0906
0 }JE S+E]pu] 8]¢18 « P- E ( E v ] C}fD}s oI ou ' '

AzFTIReleihes | § PC Eul E Wo $]vpu dZ PC u v3§ o

56


mailto:karlikmate@gmail.com

L C dXU e u E XU D /vE}s&ZSIELRPU D} ol EIXe ~1i18eW Z vC I..U vvC] &, ESE v §X 18X
SV IEP@WO - = %}eis& EIJA}v-E}EX SREU Plus &+ /vE | §U  (E9638BRYBL-EW 660

<Ks "K Kdd A/ Z/d <S Ae<Pe
D 'z ZKZMe 'ZM>

< E | EE, < E]-Bere® Kasztovszkysolt& & Zz @*

L o] E ul 3] W EI /P IP 8§+« PU P E

2D]el}o ] PC 8 uU EC e+ vC PIus 8 &,0 3p }u vC] /vd 1 83U D]-l}o
SHUNZ E v EP] S Ju vG] <pu3 Sel,1%}IvSU u %o 3

4, Eu v K3+ D1 puU <A vC3 EU D]-l}o

* E-mail: kereskenyierika@bnpi.hu

iX A1 8 o TXTX <...1 8lu]] & uvGC |l ~W' o
ulel}o] , ®uv K&&s D-lpu @& PWj & o030 u E3 3 o0i-+ I|..1 3l u] 0

PC%i8 uvC v I § ulvs 81 A § Es.*I(.6 Yemna magas, 20,00 m/m%. A £0

*}JE v 0 §+1,E°v] | E°035 PC I°0,vo B VVCPsi B v byt PZ § E}l « W' tas -l EE

E P «8Fho}oeP] i- ... «il,iU u oC i o v&§.VEv Ao} 1EIlI | uC» P WPESZ] Ao

P o ul §3 15...0X 1 ATXTi6X7 0 08 EPida-Pl.s. ~il is3°vl v 009 E o 5_A ]I}vC:
AlieP 0 8}l 0 %oi v I}A «} }88 «i] E|5 PC.1 1% uE u vq Goulls9 ~iX

*}JE}odulX 008 EI,VCA o0 %ivU I,lo E..0o vu o
uPZ 3§ E}Z S 00..Z 0CE..oUnagikE-}X ¢ P | SW AT XEIOXT ... <11, 1 W' E uvC
«i+EA vCo o 3l v&X (.. oul udu9 AvvliubpP AUU_P
nyomelemek ppreben.
ATX, E u VC | e 51
iXiX D IE}ell*%}e u P(JPC 0 = | TG 0.31
... «Il,1 Ev U Ev A E,- ol _VALD, 6,8
U lE}elle%}e v ZIu}P v <1,A 3% =« (]Jviuel uleep 20
' o3 oj & 519 . P& & S SESU
@1 U'vG 00Gl + 1 05 U oG i T0 o M Oens ] px L5
E X 05 Z}eel 6 uU ¢l 0 e P fiU6 uU|NIE P. P 3.9
2,8 UU U Pv e o oipel %3&] ]0]83SILES | {fUii|[ita0 5.4
NaO 0,16
KO 0,53
HO 3,25
SQ 0,58
ca 7
Peel o v 100,68
B (ppm) 22
Cl (ppm) 170
Nd (ppm) 19
Sm (ppm) 2
: - Gd (ppm) 3
EADNSSR PP A
iX E W | AiXTi6X7 o 0§ EJel u-1... 08

u |GE}‘]|'%0}' I %o

57


mailto:kereskenyierika@bnpi.hu

H C dXU «u GE XU D /vE}s&SsIEIRU O} o EIXe ~1118*W Z vC |...U vvC]

S, ES v §X 00X
SV }JEP@#O - = %}eI3 EIJA}Vv-B}EX $h&EuU Plus S« /vs | SU E9638BRYBL-EW 606

(0]
IXiX «AvClu]] & uvCl~ ~rAPisso 0 d&wazs vV * }olP}lo 2}). ~
hPC v ¢« | I]e uvvC]e &5 V]JUEB®°S & ]Joo]S
ABSH % | v u P(JPC 08°lU Z}PC tartalpns =v 343,95 apfu, Mdartalma 0,23 apfu).
(Jviuel u e« o JAJPE vpo EJe +1,A &Hx 1}} 0PCE Il v3 Z] E}AE]0 % 5]3}35L
oulello vPGC uvvCle Pllup§ & *@drtaimaz a minta.
A 03} 83C&Mg- « DB ES o}uu o i oo u 1Z §..
| & }v 8§ E+ » PU u 0C ..o | & (... (IXI3X ZoMSREVS]({E | Je+ A]lsP 0 3} ~yZ

I o ]§X Julv ve Il E]5 1 u]l] | %0 § I o ]
(JEupo Ao _EZ &+ o W l... 11,1 1 & 1°0,v ,l... % }vSi](EELJEP v
Fe,s5t0,78V00,1710,19C&,0310,22MNo0,0010,1AC Q)2 ~yZ + AllsP 0 §}3 ]+ A P 18°vIX A E,» (
0 PvPC} u @& 3% +I] E]8+l u A WCleutkl 3 A...l is PC 1 3 upd 831 1

l 0 13}l u & & i+A o I1#f .UUl IXI 8% A o8}EIWIl oU U P E...o_ §A A 08} &} | E }

iUl oPg «I,E]NUE(IX 1] EJ&Ed +Pvag V]+}1 §W okvarE it albito |3
vas}/&£] }e eIl PoC1l ( 1Z5&§..1 (oU AZoubMU BFTE]S =+ Z u §]8 ~iX E X
piritek is vas}A£] }Il }uo}88 IX u VAQHe P+A vC}e ,o¢1 § § 0 o0l°0,v°0U Julv ve | E
o E] 1] E]35 uvVvvC]e P& ~1X u@+X | VvVQOpUE]¥IA viov « uE ol} « v IA
UVVC]e P Je iovs..eU 11 ,e¢1 38 0Z Wge¥$e]8}eX 83 (0 % _35... A VCS E+ + P
[... «il,T v 1 A+ %o0 P]}lo sl (J& po o0..U uoC |

1"4"{
A wlle x
BSE Mag: 1000)(
25.10.2017 HV: 20 kW WD: 11.2065 mm —— Ol ———

iX @E&W 1 AiXii6XT I... «ll...1 ~ (0A 30U uoCvVvieo o 3Z 8¢l 1] ]}ula
~Z,A] _§ «IW A~ W «I] E]SU YSIW IA EIU oW |l o ]8U ZoW Io}E]SU W
iX <lvlie»]3 & e (YEE & @o3K |1 ul] .++1 8 808 ups 381U §)
kris§ oC}l u E § ]e v PC}v Z <}voe ~ I]u
|... «1151,00 m/m% Sigtartalma miatt, a IE CE\I'I]U '”6'UV uv]\isv "I'm“.”,ulsd v UAP(]P(
] EJS - 1.1 88 1JA « u s «iju 811 @& lsg @ FHUPS SISS I("U"Z'tarv and - 1]K |
Z «}vos 11( 0. % 1181 &P o ér S’Zol.s.oéfébfi’ 143 60P "f; \]jSGHIS‘H'S W
% 0 }P v I}E.- < E% §] &o]elev ¥ 9b &'y p !l (0 ~dU0O ulug-U u

0
(A R R .
*%}E ]lpue v > VPC 0}E-i P&eo A|o}A5|fr§\? Oétﬁ TUR] yfuds u el ou & 1 08

3 /Im%Se0X & 05 § 0 1 °vl ¢l E]JvE v PC}v
Pelv E OCHEBXoRE«I P v + Aillo- 1] ° 5 S
$1 Eel v0 E51 o «i] EJ$IVIE ZFs’B ulgc 195) VG E-NESP BAk .0
v I..1 8 ..o [] uol vl Iuv(;l- FH 4 S ulA o upvl APT - LT vl A
l,ei,vZ §... vX 1 ]Jvvv o E§]]tuyEy® lged }k\,/ng.tasmdeptbengazdagabb

58



L C dXU e u E XU D /vE}s&ZSIELRPU D} ol EIXe ~1i18eW Z vC I..U vvC] &, ESE v §X 18X
SV }EP@UO - = %o}ol5 EIJA}V-E}EX SHEU Plus §+ /vE | 83U  (E9638BRUBLEW 66

] I PDF 46-1045 SiO2 Quartz, syn
] | PDF 29-0696 FeCO3 Siderite

& ] PDF 05-0586 CaCO3 Calcite, syn
37 PDF 42-1340 FeS2 Pyrite
1 PDF 09-0466 NaAISi308 Albite, ordered
71 PDF 33-0664 Fe203 Hematite, syn
] | PDF 46-1324 (Fe Al,M@)6(Si,Al)4010(OH)8 Chamosite-1M#l#l#b
£ S | PDF 26-0911 (K,H30)AIZSi3AIO10(OH)2 lllite-2M#1 [NR]
=1 o
S
D: %{MW\——L_‘»AJ ML\,JAWJM. gﬂi& A,,,M'ﬂ\»m
L L N L A N A L B N R AL
10 20 50 60
2Theta (Coupled TwoTheta/Theta) WL=1,54060
iX E WyZ (0ASo A, E,» (0% § v
= 3 I PDF 46-1045 SiO2 Quartz, syn
] I PDF 26-0911 (K,H3O)AIZSI3AIO10(CH)2 lllite-2M#1 [NR]
E | PDF 46-1324 (Fe Al,M@)6(Si,Al)4010(OH)8 Chamosite-1M#l#l#b
= | PDF 29-0696 FeCO3 Siderite
37
o a
= =
5 ,
Q (=]
(@] ]

[S) E WMM@ by
e i e e e 1 0 S s i it T e B IR i S R B
10 20 40 50 60

2Theta (Coupled TwoTheta/Theta) WL=1,54060
X & W yzZ (oA 3o Ev (0% § v

A Keleti< E% 3} v 211 00 ~ <E]*3Z0Qg wiii@E*P]el §] PC%i% u vC Vv ]+ pv]l o]
AlleP 05 ©°0 |« A «I,A | v &]loiQllvan jelen.

§ IJvsA < ERE) AP | %o *}0Z SeIX 1 yzZ

0 ISE}VullE}ei}v = o ul | A o3}l &= e \/év“vcgh]oA v § o

l] E]3 + 1 01]3U IAE U % 3]8U %o]CE]éU E]SU lo]v}Io}E -«

ol E% v3]v A vC}l 3 ups 3}85 1] AJl-P 0% i ‘I'.I.’fé‘ll - 0%o0 g CiilloI CEu v

d}A JE <A vC}l i ovo § 3 ]+ -lo oéDI.\fvquo

&l A
éi%iﬂ]gﬁ]%fv U 1. «il,i AlieP 0 & }

-1 o\(E\]éX u P(]PC\Oé "AvCs E- 'Iup§ é-olﬂKHlﬁ <0 i7i6id % oC 1 & 3 u}P 3
l... «Il,1 ..o o &S <*AVvGC}Il o ]J*U oS & - el E% vS]vU
| 01}%]E]S + «I( 0 E]5 (1]*} v ups SJ ]I u PUuoC|
i ovo§Su]l]vu S8 18 osulX

I <A VvClu]]l =« «I,A 3] AlJl*P o s I 0 /oln COJU tX ~T1i8eW D
0 PA o¢el_Vv¥% (JEE +3 E°0 § orﬁéa 3§(9>f<~7®3|-v |
~ 1u Jwel 7 E &' +1]U 1118V "‘i Ioo /\I<FEdbS agU Ao .5 0C &X ~Tii6+W /y>
A PC T}vwvoZ}E }SS (JoC-A]l | Z}E oO}boiPpudssSy dKi.U «$E S+ s}ouu U Wda
§ Alo] 0 0..Z 0oC & ]v }}oi dijellegesil,i PG *°0 U +_lel @0. U %% X 10

59



U C dXU o u E XU D /v3}s&sIEIRU Dol EIXe ~1118W Z vC I..U vvC] §,ES v §X (X
0

SV IEP@WO - = %}eis& EIJA}v-E}EX SREU Plus &+ /vE | §U  (E9638BRYBL-EW 660

GOLD AND ORE MINERALIZATION IN THE

HYDROCARB@REARING KANTAVAR

FORMATION OF THE WESTERN MECSEK M

SharoXKhan*, ErvinHrabovszKki? TivadarD X d%&golt vI#é3~ & &Ehtbert

1 University of Szeged, Department of Mineralogy, Geochemistry and Petrology, Szeged

2 University of Debrecen, Faculty of Science and Technology, Institute of Earth Sciences, Department of Mineralogy
Geology, Debrecen

3 HUNREN Institute for Nuclear Research, Isotope Climatology and Environmental Research Centre, Debrecen

* E-mail: sahroz.khan21@gmail.com

1. Introduction siliciclastic rocks are composed of quartz, illite, muscovite,
kaolinite, plagioclase, limonite, rutile, calcite (Nagy, 1968).

In recent decades, evidence of past hydrocarbon (HCTPe hgst rocks are mtersec?ed by.at least t_WO Vein

migration events has been found in the form of ﬂuidgeneralons. The older gray vein (_:onS|sts of calcite and is

inclusions in several Mesozoic formations in the Mecsé‘gters_ected by younger Wh.'te veins at angles oft6d £

D&+X ~>pl} 1] & oXU 111V <,Eu,- &% Bymafg e qf cglcite sapd smaller amounts of

2022). Except for Han et al. %), the origin of the dolomite, quartz, fiuorite, dickite.

hydrocarbon in these inclusions is unknown. L .

Concurrently, a recent discovery has indicated the3. Fluid inclusions

% @E v }(P}o ]JvsZ 'Jo PEuv s oo Cv & M(opu AZ] Z

] SSE&] us §} JE}IP v] u]v E o]l §]}vAesedHEing o Hrabovskki @ al. (2023), the gray veins,

etal., 2022). Moreove due to the erosion of goldearing containing wall rock fragments and primary aqueous and

formations, the products of this mineralization have alsdiydrocarbonbearing fluid inclusions, indicate syn

been detected in the younger formations of the Mecsekectonic formation. The homogenization temperatures

and

Mts. (The }( <p }ue ]Jv ope]}ve E A v on v iif

Considering the complex nature of gold v JvS EB«y ES]Jo & vP ~/YZe }( {16 v
ul]v €& o]l 8]}v ]Jv 8Z D -+« | DS§eXUorndimy cakite gryatalE of the white veins contain only
Formation (KF) in the Western Mecsek might holdqueous inclusions, with no evidence of hydrocarbons.
particular significance. This formation is notably rich ifPrimary fluid inclusions in thesveins have nlvalues of
fluid inclusions containing light oil and tectonic veins witiv2tioi £ AaS ZQR between 95 and 126 X dZ
a distinctive mineral paragenesis, including calcitegarbon, oxygen and strontium isotope compositions
dolomite, pyrite, dickite, fluorite, barite, celestine, nativesuggest that both veifiorming calcite phases originated
gold, silver, and copper. These findings are expected foom formational fluid.
contribute to a more accurate understanding of the

sources of H&€ontaining fluids and the unique 4 Qre petrography
mineralization within the region. We carry out reflected

light microspopy, Raman spe_ctroscppy and scanning The host rock is dotted by abundant pyrite crystals. It
electron microscopgnergy  dispersive SPECIroscopy s the predominant ore mineral and the three main
(SEMEDS) of the carbecoated polished rock samples to

determine the textural reition composition of the ore Led Ee Ju%)e Y( Dil ..u (E u}]

mineralization. P v & ooC u M% }( Di ...u pzZ & o

0 EP ~pu% S} Al ...ue E&Ce+S oo]v pnZz

2. Background FeO occurring both individually and as aggregates in
pockets; 3) euhedradubhedral crystals of pyrite of

The Kantavar formation (KF) is composed of organigl0 ...u « §§ & lv §Z Z}s§ &} IX v

matter-rich marl and argillaceous limestone interbeddedsamples show subhedral to anhedral rare large (up to 200

with claystone, sandstone and coal beds (Nagy, 1968;.ue* Vv pv vBE]JMv ~DA ...ue EC-S

Haas et al., 2013; Haas & Budai, 2014). The limestone and Native gold (Au) is found in a few samples occurring

marl host rocks are made up of calgiidite, dolomite, as rare individual grains in the host rock. The majority of

akerite, feldspar, quartz, etc. In comparison, thethe gold isfound in host rock which generally occurs as an

60
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overgrowth on pyrite and quartz crystals but under SEM iAcknowIedgements
is sometimes included in the pyrite grains of the framboid

cluster. In comparison to the host rock, gold occurs both The research work was carried out with the support

on thg surface an.d n the.mtenor' of qgartz, calcite anq)f National Research, Development and Innovation Office
dolomite crystals in th white calcite veins. It occurs asggrant no. K138919)

subhedral to subrounded crystals when dispersed in th

Z}e§ &} le v JEE Ppo E o}vP § *S O M% S} i1 ...u

on the surface of pyrite and quartz. A rare galh (ﬁgferenCég

irregularshaped crystal ofyTi ...u A « (}uv re % R

framboid aggregate in one of the samples. , cU XU W o]l vU WXU ", E,PU XU :ele L
In the samples without gold, ore mineralization of  (2013): Geological Magazine, 150,t48. .

silver, copper, zinc, etc. was identified under SEM. Silver *U X 7 p JU dX ~Tiid*W &,0 Stv] <,lo,\

(Ag) occurs as smaly(i ...ue ]Jv JA]l p o v E]3]114LsE
o]l « EC+3 0° ]e% Ee+ Jv §Z Z}*8 EVYXZNVCEIDH DXUE>E E-U sXU <, Eu,-l
rounded crystals of copper are observed near framboids ~ Poetz, S.Horsfield, B. & Mangelsdorf, K. (2022):
and at the rim of pyrite in some samples. Similarly, International Journal of Coal Geology, 254, 103974.
another goldbarrensample is rich in zinc (Zn) and occurss & }A<IlIJU XU <, Eu,*U *XU d*SZU XU '
on the rim of pyrite in the host rock fragment floating in ~~ Schubert, F. (2023): Is &P X ~e«] X W >, ]
the white calcite veins. <..l'§sv] <"} u]]s wg@BBREY20 U

P EU sXU D}ov EU &X " <]JE& oCU X ~Tii

152, 307329.

Junussov, M., Mohammad, A. & Longinos, S. (2024): Acta

- L . . Geochimica, online first, DOI: 10.1007/s11624-
Similar to the recent finding of inconspicuous gold 007105

occurring in association with organic matter in the _ Eu U XU Z5 0U XU A Ze vZ}( ®U Z
W Eu] v <..A Peel..0..0 "V Sty &_}CE@-., l\llhgta,~K<. ?ﬁa&échugert, F. (2020): International
Junussov et al. (2024), we report the occurrence of gold in Journal of Coal Geology, 228, 103555

the We_s-tern Mecsek in organrg:h s_e_d|me-|tﬁ-1ry deposns.. Suly 11U 'XU A~ Zy E3U &X - , u}Ev
In addition to gold, we have identified visible free grains $ v] <,l0,vC43TU 115

5. Conclusion and future directions

S] e
. . . &,0 S vV

and enrichment of precious metals such as silver, coppeg PCU X ~i500-W &0 @& /96 UE Al,vCA

and zinc mineralization in the cedE] Z < vS§ A Eix 13 sx ’ '

Formation (KF). In the future, we aim to determine the
relationship (if ay) between ore mineralization and
hydrocarbon. One of the most probable sources of HC
containing fluids in the tectonic veins is overmature
organic matterrich layers of the formation itself.
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RAMAN STUDY OF MELT INCLUSIONS IN
PERIDOTITE XENOLITHS FROM ECONOMIC
AND UNECONOMIC KIMBERLITES FROM
KAAPVAAL CRATON

SharonKhant*, YanaedortchouK, MonikaFeichtef & TivadarD X d*§Z

1 University of Szeged, Department of Mineralogy, Geochemistry and Petrology, Szeged

2 Dalhousie University, Department of Earth and Environmental Sciences, Halifax, Nova Scotia

3 Z]E& }(Z «}pE D]v E o}PCU D}vS vuv]A E+]8 8§ >} vU >} v
* E-mail: sahroz.khan21@gmail.com

1. Introduction 3. Discussion

The dissolution of diamonds in a kimberlite largely = The excess orthopyroxene modal content in
depends on the composition of metasomatic agents in th&enoliths from all kimberlites suggests enrichment of silica
mantle and of the kimberlite melts. Melt inclusionswhich suggests metasomatism by silicate melts/fluids. In
trapped inside minerals in the kimberlite and xenoliths ]8]}vU §Z (}@&u 3]}v }( 0]Jv}% CE}LE v -
provide a better understanding of the emosition of Crspinel in assemblage minerals by @@ment of
these metasomatic agents and kimberlite melts. Howeveigarnet in uneconomic kimberlite xenoliths from Lesotho
the studies on the composition of melt inclusions aresuggests metasomatism by a melt enriched in K, Ca and
largely focused on kimberlite minerals and peridotiteH,O. Overall, xenoliths from barren uneconomic
xenoliths from economic kimberlites (Golovin &kimberlites differ from those in economic kimberlites in
Kamenetsky, 2023). In this stydye focus on the confocal metasomatism by an alkaline basilicate melt/fluid. The
Raman spectroscopy of secondary melt inclusions similar composition of alkaland chloriderich carbonate
olivine from xenoliths from both economic South Africardaughter melt minerals in the olivine from economic and
(Bultfontein and Frank Smit) and uneconomic Lesothaneconomic kimberlites suggests a melt of similar
(Matsoku, Thaba Putsoa, and Pipe 200) kimberlite pipes tmmposition trapped by all xenoliths. The depth of

understand édamond destruction. entrapment of hese xenoliths is debated in the literature
(Khan et al., 2024) and entrapment at mantle depths could
2. Results suggest differing mantle metasomatism and at shallower

depths could highlight the role of kimberlite composition

All xenoliths are garnet harzburgites and contain pinfg1 resqrption.f Thi absencel Of. r(]jiffere:?(célrj thelf
pyrope garnets with kelyphitic rims of variable thickness?ompos't'on of carbonate me t; fich in akals, Suur,
In addition, primary brighgreen chrome diopside occurs chlorine, phosphorus, and silica in all xenoliths highlights

as interstitial grains. The orthopyroxene abundanc dhe a}bs_encef %f thelrdroI? in the con;]posﬂond_of thed
shows bimodal distribution with amy xenoliths having Issolution of diamonds. It suggests that the diamon

>30 vol.% opx. In addition, the uneconomic kimberlite§ONteNt ofthe studied uneonomic kim_berlite_s is_afeature
“ZYA V s+ UOP }( %Z0}P}%]5 = ﬁwrf%g§gﬁ.f§@p\lﬁd t'yth&klm_berllte which is reflgpted
spinel. The secondary inclusions in olivine range in si the eviderice of metasomatism by alkaline silicate
(E}u (A u] Elve 3} E E oC & 2z]VBS1% 5} A1 Rux /v §2
xenolith divines a total of 26 minerals were identified:
calcite, magnesite, dolomite, nyerereite, eitelite, R€ferences
gregoryite, natrite, shortite, northupite, WatCat

E }v § U E o C]s U % S$]15 U LGEBlOVIE AWV. & Ramertgtskg, WS. (2023): Petrology, 31(2),
syngenite, aphthitalite, arcanite, baryte, sulphdite 143t178.
glauberite, magnetite, perovskite, tetraferriphlogopite, Khan, S., Fedorchuk, Y., Feichter, M. & M. Toth, T. (2024):
talc, chrysotile, brucite, and nitranite. The composition of ~ Journal of Raman Spectroscopy, online first, DOI:
identified minerals is similar in both economic and 10.1002/jrs.6709
uneconomic kimberlites.
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dZ K'fi3 ] D§«X & o} § v §Z as¢drdngMaginaBnslow cooling of the erupted material.
part of Romania and considered to be the first member ofFor the preserved values, calculations were made to
the Eastern Carpathian Volcanic Chain (e.g. Seghedi et determine the magmatic equilibrium ‘water' content, and,
1995, Kovacs et al., 2017). Volcanic activity in the region certain cases, the 'water' content of the mantle source

Pv 8§ ifiXo D ~WoXUGiids Jv §Z 'wés plgb]é&lulated. All of the data provided valuable

felsic calderaelated ignimbrites. Volcanic products rangeinformation for better understanding of magma evoluti
from rhyolites to basalt. The most abundant rock types arand postand sya. Eu%3]A A}ous]}v }( u Pu 3]
dacites, andesites and basaltic andesites, which represeatntent of the studied rocks.
the paroxysm of volcanic activity in the regibatween This study was financially supported by the MTA FI
i(iXo v 6Xi D ~W «I C § oXU Tiio»Xvdd 3 W sVPw }X]S,TKe }% Z » €& Z "E}u!
volcanic activity is marked by two smatilume volcanic NKFIH K141956 Tofdoansylvania Grant.
products, the Laleaua Alba composite dagtedesite
dyke at 8.38.0 Ma (Kovacs et al., 2002), containinfReferences
numerous mafic microgranulagnclaves, and the Firiza
basalltict‘ complex at 8.7.0 Ma (Edel;tein et al., 1993), 0°5 JvU KXU W I CU XU <}A U DXU
cons:stmg of a small caldkaline basaltic dyke swarm. M. & Micle, R. (1993)Z Ap  Z}uu v ' 10}P]

n this study, the structural hydroxyl content of ' 1% ZCe]cp § " IPE %Z] " E] ' Yo}
nominally anhydrous minerals, like clinopyroxene, 37141,
plagioclase and quartz, were investigatechinthe major ~ _ A +UDXU A PZ JU /XU z u u}$}U DXU &

rock types (E}u SZ-"YS"] DSeX pe]vP &yp &l W (2017)ithos, 294295, 304:318.

transform infrared spectrometry (FTIRhe FTIR studies <}A +U DX " &°0,%U XU ~TiiTeW ' }0}P]
are complemented by petrographic observations, mineral Special Issue.

chemistry and whole rock geochemistry data. They,, | CU XU > £ U :XU Al | «U XU A PZ
obtained structural hydroxyl values show a wide range of <}v VEU sXU « o vl U dXU <}A +U DXU
variation from high, presumably preserved hydroxyl XU D E&}vU XU W v ]}3uU X = A $I1,
contents to low values. Theatter ones are probably Geologica Carpathica, 57, StBBO.

modified values. The main aim was to determine thex p > JU /XU Al I U XU ~ D *}vU WXZX

cause of water loss, which might have been resulted by Vulcanologica, 7, 13843.
syn or posteruptive processes e.g. degassing of the C
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RARE EARTH ELEMENT TRANSPORT LINKE
FLUIDS FROM CARBONATITE SYSTEMS

EmanuelD } E MEJ)l D Betkest?& TiborGuzmics

1 §A,» >}JE v hv]A E+]SCU >]8Z}+%Z E &op] Z+« E
2/ve818us }( ESZ WZCe]l » VvV "% ANlv U >v o0 §
* E-mail: mororo.emanuel@mail.com
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Rare earth permanent magnets, used in windHungary (NKFIH) (RB2418 and KL.42855), awarded to
turbines electric vehicle motors, and other consumemM. Berkesi and T. Guzmics, respectively.
goods, has driven the demand for rare earth elements in
recent years. This has led to renewiatérest in one of the A
main sources of rare earth elements on Earth, carbonatite
systemgAnenturg et al, 2020) Here, we present in situ
characterization of fluids and their traedement
compositions in natural carbonatite systerf@Guzmics et
al. 2019;Berkesi et al., 2090 by studying secondary
quartzhosted fluid inclusions from Oldoinyo Lengai
volcana By comparing our data to fluids and melts from
other carbonatite systems we constructed a model for
fluid-mediated rare earth element transport and
mineralization.

The studied secondary qua#tosted fluid inclusions
are from a metamorphic xenolith collected near the 20 um
summit of the Oldoinyo Lengai volcano. The xenoliths are
composed of metamorphic relics, hosting abundant natrite
secondary fluid inclusions (Fig. 1, A), and igmeous
groundmass absent of fluid inclusions. SIBMEDS and
Raman imaging were used to create fluid inclusion 3D
models (Fig. 1, B) and to calculate bulk fluid composition.
At room temperature, the fluid inclusions presented liquid
and vapor Cetogether with nahcolite (NaHCG) natrite
solid solution [(NaKkz,Ca)Cg), halite (NaCl), sylvite (KCI),
minor thenardite (Na&SQ) and arcanite (¥8Q). Raman
combined microthermometry showed that nahcolite halite

sylvite

" nahcolite

Jee} 1 8]}V } uEes o00}A Tii £ U v SCE e =3
Uuode § %%E}ALE]Ju § oC di1 £ X ,}u} PO———
Jv ope]}ve Z %% V JA 01 £ U Qv ] Al
entrapment temperatures compatiel with Oldoinyo  Figure 1: Quarthosted secondary fluid inclusions from
Lengai magmatism. Oldoinyo Lengai. AFluid inclusions enclosed along trails.
Our study demonstrates that syand paramagmatic B t Fluid inclusion representative thredimensional
fluids in carbonatite systems have alkadirbonate + model.

sulfate + chloridebearing, HO-poor, and Ce@rich

compositions. These fluids can be distinguished fro

carbonatite melts by their lower density and inability torr—.z(:'.ferenceS

quench into volume filling assemblages. Alkalibonate .

fluids from carbonatite systems can transportasignifican’%‘ nentngrz%, '\g Mavr':genes, ‘]g‘ IE;J%%KC): & Wall, F.
amount of rare earth kements. Fluigmediated rare earth CE(I R )U %'e)r(]ﬁa vanLcJes,X,ljaa CE U ZX-XU Al
mineralization is linked to fluiphase C@contents, as 2022) . Gond |(:\))] h. 85 ta}mv '

high CQfugacty preserves rare earth element solubility. Guzrgnics )T %r;r\livjsr;aMesg";:jcnér éJ' Fall. A Bali E

This research received financial support from the M R
National Research, Development, and Innovation Office of 5Dz]7t05|30U ZXU s So v(]201BXGeotdgy A, X
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TRACES OF THE SOLAR CYCLE IN SHALLO
ICE LAYERS

> o[ ®alcsiU o u>@Elp Marianna d - & PannyVargadU D]2Ver€¥U /. 3@sigé & Marjan
Temovski

Ylsotope Climatology and Environmental Research Centre (ICERRENNhstitute for Nuclear Research
(ATOMKI), Debrecen, Hungary

?|sotoptech Ltd., Debrecen, Hungary

* E-mail: palcsu.laszlo@omki.hu

We have provided evidence that the link between
cosmogenic tritium 3H) in precipitation and the Solar
cycle exists (Palcsu et,&018). The pattern of the 2fear
long *H record of precipitation in Debrecen, Hungary
reflects the Solar cycle. However, the tritium
concentration of recent precipitation might be affected by
the nuclear industry. Therefore, we intend to study
precipitation records earlier than the nuclear gtzefore
1952). As glaciers can provide records of past climate and
environmental coditions of mid and low latitudes, in
2020 we drilled ice cores of 33.7 m at Colle Gnifetti (4450
m a.s.l., SwisHalian Alps) covering the last 90 years
(Bohleber et a.2018), and then determined the tritium
concentrations of the ice layers in annual resolution. Figure 1: Sunspatumbers (yellow) and the tritium

E }E }(SZ o0}A E % ES ~ %SZW TiXad5

Due to the relatively short halffe of tritum, ice  core retrieved at the summit of Colle Gnifetti (bottom).
layers before the bomb peak are expected to have tritum ~ Note that the scale for the sunspot is reversed!
concentrations lower than 0.2 TU. This value must be
determined with a precision of 0.004 TU or better. ~ Examining the ice layers accumulated before the
Therefore, the’He-ingrowth method has been used with nuclear era, when the artificialH component can be

large sample amount (> 2 kg) and long storage time (> £xcluded, enables us to better understand the natural
months) (Palcsu et aR010). variations. The extremely sensiti¥ide-ingrowth method

of ®H analysis allows us to determine low level tritium
The tritium concentrations of annual ice |ayersactivities with high accuracy. The tritium profile of the
before 1953 are varying between 0.05 and 0.145 TU witlpwer part of the 33.7 m ice core at Colle Gnifetti (Swiss
uncertainties of 0.0019 to 0.0048 TU. The tritium value§alian Alps) shows a variation which can be linked to the
reconstructed for the time of accumulation are varyingsolar magnetic  activity cygl with natural °H
between 4 and 10 TU (Figure 1). The ke pattern of concentration of pregitation ranging between 4 and 10
tritium in the ice (mainly before 1940) is in antrrelation
with the sunspot numbers. Since, the ice is not
contaminated with artificial tritium, this change can beReferences
strongly attributed to the 1dyear cycle of solar magnetic
activity. Ths confirms the existing link between the SolaiBohleber, P., Erhardt, T., Spaulding, N., Hoffmann, H.,
cycle and the cosmogenic tritium of precipitation. The  Fischer, H. & Mayewski, P. (2018): Climate of the Past
period of 1938 to 1953 does not clearly show the same 14, 21t37.
pattern, since there are missing values (whichyy o «pU >XU D i}EU ¢XU <,00..U *X ~ W
measurements have to be repeated), and on the other  Communications in Mass Spectrometry 24, 6834
hand the tritium values stay lower than expected. W 0 spU >XU D}EP ve§ EVU hXU 7°08 v(
> ¢JoeU XU d u}A«I]JU DXU D i}EU «XU
>XU s EGo uU XU & p& » puU /XU d-E&E
TH% % }vU 'XU }88C VvAN.T.X(2018):pooU
Scientific Reports 8, 12813.
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With the increasing demand for gold and rare metalsampling. Our results revealed a higher raditmce
due to industrial activities, exploration and prospectingcontent for postorogenic granites, which are considered
for both still attracts the geological scientific community.the main hosts for rare metals within the study area.
Thus, our current research integrates various dataset#dditionally, serpentinite and its related rocks were
including remote sensing (FFMA and Sentinel 2), identified as the primary sources of gold. The serpentinite
airborne gammaay data, and detailed petrographic rocks located closer to lawily distorted thrusts and shear
examinations to target such valuable metals. A variety afones have undergone listvenitizationThe study
image processing techniques, such as false colbighlighted that the area is severely affected by irand
combinations, principal component analysis (PCARlydroxytbearing alterations. The airborne gammey
feature-oriented PCA, indemmdent component analysis, data were also integrated to identify such alteration
minimum noise fraction, and band ratios, were applied fozones. Detailed petrographic and SEM analyses were
lithological identification and the delineation of applied, revealing that gold was mostly associated with
hydrothermal alteration patterns. Our remote sensingquartz and iron oxides. However, radiogenic
data are mainly applied to distinguish the host rocks focharacteristics of rare earth metals were detected
gold andrare metals and narrow down the zones to bethrough the alteration halos within biotite.
investigated during field campaigns. Field investigations
were conducted, checking over 100 stations with detailed
examinations of hydrothermal alteration zones and
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Granitic rocks are highly esteemed for their role aslecay of these radionuclides and the profound
vital hosts of radionuclide elements, as they crystallizemplications they have for public health.
during the latter stages of the magmatic process. Based on radiological hazards risk assessment, the
Furthermore, the presence of accessory minerals such aserage annual effective dose indoors (AEDRvas
zircon, apatite, thorite, uraninite anchonazite in these estimated to be approximately 2.58 mSv on average. Both
rocks enhances their potential to host radioisotopes likexternal (Hex) and internal (Hin) hazard indices exceeded
(U-ThK) in their crystal structures. The current researcli. The average radium equivalent content was also
aims to identify the sources and concentrations of theseneasured at 563.35 Bg/kg. The dose rate in the air (D) was
natural radionuclide elements which are of paramountmeasured at 269.02 nGy/h,ithh a gamma radiation index
importanceto many researchers. This is due to that they~/ve A €& P]JvP 8XiiX &uESZ Eu}E U
are considered the primary source of natural radiationdose outdoors (AERE) was approximately 0.33 mSv,
which has been linked to several diseases. This studyisth estimated excess éfime cancer risks indoors and
geochemical and radiometric measurements have proveautdoors were 0.09 and 0.01, respectively. All these
instrumental in identifying the concentratis of the parameters exceeded the recommended safety limits.
above elements and precisely pinpointing their origins. Our studies revealed that the examined granites in

Considering the geochemical composition, thehe study area are unsuitable for use in the construction
average values of U and Th in the granitic rocks within thaf buildings and infrastructure. It is imperative to exercise
study area were found 10.64 and 25 ppm, respectivelycaution and implement necessary safety measures in this
based on ICIMS analysis. Additionally, the average valug@otentially hazardous envirgnent.
of Kwas 1.65% (16,500 ppm), while #verage Th/U ratio
was calculated to be 2.34, suggesting uranium enrichmeiR eferences
in the granitic samples due to hydrothermal alteration
(AbdelHakeem et al., 2023; Bolonin & Gradovsky, 201%bdeLHakeem, M., ETahir, M., Zeid, E.A. & Rageh, H.
Abu-Deif et _al., 1997). ) ) ) (2023): Geochemical Transactions, 24, 3.

According to our radiometric measurements using ah\puDeif, A, Ammar, S.E. &ohamed, N.A. (1997):

N-type HPGe detector, the average values?8t) and Pr - ; ;
. - . oceedings of the Egyptian Academy of Sciences 47,
232Th in the same granitic units were 125.16 and 112.5 3351346 g ovp y

Bq/Kg, respectively. Furthermore, the average value ofg lonin, A.V. & Gradovsky, I.F. (2012): Geology of Ore
was 3903.40 Bg/Kg. These values exceed the globa? Debosits 54 129131 ’

average underscoring the imperative to evaluate the Y

radiation risk parameters stemming from thadioactive
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