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Poszterek a BKL-ben – Az MFK Kar 
és a TEKH Szakkollégium 2024-es terméséből

Posters in BKL – From the 2024 crop of the MFK Faculty 
and the TEKH College

A poszterek tiszavirág életűek, amelyeket egy-egy konferencián, vándorgyűlésen mutatnak be, 
majd 1-2 napos élet után a mindennapok témáiba merülve a legtöbbször elfelejtődnek, ugyan-
akkor viszonylag kevés érik közülük tovább folyóiratcikké, könyvfejezetté. Viszont pillanatképet 
adnak az adott műhelymunka mindennapjairól.
  A Bányászati és Kohászati Lapok és a TEKH Szakkollégium az év során közösen tár a nagyobb 
nyilvánosság elé a műszaki föld- és környezettudományt különböző (BSc, MSc, PhD) szinten ta-
nuló hazai és külföldi diákok korábban konferenciákon, vándorgyűléseken szereplő olyan posz-
tereit, amelyek témája fokozottan érdekelhetik az olvasókat.
  A mostani és következő BKL-számokban egy-egy posztert mutatunk be. Ez oly módon történik, 
hogy a szerzőkre és műhelyeikre vonatkozó információk után a poszteren szereplő témát részlete-
zik röviden a szerzők, hozzáfűzve néhány, az életből vett példát, hasonlatot, amelyek esetleg nem 
bírnák el a szigorúbb tudományos kritikát.
  Az ismertető után következik a poszter – a hivatkozással elérhető elektronikus verzióban teljes 
méretben –, amelyet az olvasó letölthet, böngészhet, s megfelelően hivatkozva idézhet is.
  Reméljük, hogy a kísérlet mindenki hasznára lesz: növeli a szerzők ismertségét, a karok lát-
hatóságát, illetve az olvasók szakmai tudásának naprakészségét.

The poster is a short-lived pubication. It appears at conferences and symposiums, and after a 
brief lifespan of one or two days, it often fades into everyday obscurity and is largely forgotten. 
Only a few of them  become later as journal article or book chapter. However, they provide a 
snapshot of the daily work within research groups.
  Throughout the year, the Bányászati és Kohászati Lapok (Mining and Metallurgical Journal) 
and the TEKH Student College jointly provide greater visibility to posters presented  by both 
Hungarian and international students studying technical earth and environmental sciences at 
various levels (BSc, MSc, PhD). These posters cover topics that may be of particular interest to 
many readers.
  In this and upcoming issues of BKL, we will introduce selected posters. This will be done 
by first providing information about the authors and their research groups, followed by a brief 
summary of the topic presented in the poster. The authors will also include a few relatable, 
real-life examples or analogies—ones that might not necessarily withstand strict scientific scru-
tiny but help illustrate the subject matter in a more engaging way.
  After the introduction, the full poster will follow (in the electronic version, it will be avai-
lable in full resolution via a reference link), allowing readers to download, browse, and cite it 
properly.
  We hope that this initiative benefits everyone involved by increasing the visibility of the aut-
hors and their faculties while also keeping readers informed and up to date in their respective 
fields.

https://doi.org/10.63457/BKL.158.2025.1.6
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A kutatócsoport több éve foglalkozik a Bükkben je-
lentkező ritkaföldfém-anomáliákkal. Az itt közreadott 
poszteren a HFSE-elemek dúsulásának vizsgálati 
ered ményeit mutatják be.

A HFSE-elemek a földkéregben szereplő litofil 
elemek közül azok, amelyek kis ionrádiusz – nagy ka-
tiontöltés-erősség következtében az anionokhoz nagy 
kötéserővel kapcsolódnak (többek között Nb, Ta, Zr, 
Th, RFF).

A poszteren egy rövid földrajzi-földtani jellemzést 
olvashatunk a vizsgált két előfordulásról: az egyik az 
ÉK-Bükkben (Lillafüredi, Vesszős-völgy) a másik a 
DK-Bükkben (Kőris völgy, Közép-szék-lápa) talál-
ható. A dúsulások triász korú sziliciklasztos üledékes 
kőzetekben (Hegyestetői és Felsőtárkányi Formációk) 
és szintén triász korú metavulkanitokban (feltehetően 
Szinvai Metabazalt) vannak jelen.

Az ICP-MS módszerrel meghatározott nyom elem-
geokémiai összetétel a Nb, Ta, Zr, Th, RFF anomális 
dúsulását mutatja, melyhez a kálium-tartalom jelentős 
megemelkedése kapcsolódik. Apró méretük (legfel-
jebb ~10 µm) és viszonylag alacsony koncentrációjuk 
miatt sem az optikai mikroszkópia, sem az XRD nem 

alkalmas a ritkaelemeket hordozó fázisok kimutatá-
sára, egyedül az elektronmikroszkópos vizsgálatok-
képesek erre. Az eredmények alapján a HFSE-ásvá-
nyok a következőek: RFF-foszfátok (monacit-(Ce)), 
RFF-karbonátok (parisit-(Ce), bastnäsit-(Ce)), Nb-Ti-
oxidok (eszkinit-(Ce) és -(Y)), Nb-tartalmú Ti-oxid, 
cirkon. A nagy K-tartalmat a fengit nevű csillám és 
K-földpátok hordozzák. Általában a megnövekedett 
HFSE-koncentráció együtt jár ezen ásványok maga-
sabb részarányával.

A hasonló ásványos összetétel és elemcsoport is-
mert példák alapján alkáli intrúziókhoz kapcsolódik. 
Ilyeneket a Bükkben nem ismerünk, de valószínűsít-
hető, hogy az átalakulási ásványegyüttes megjelenése 
itt is egy eltemetett alkáli magmás ható miatt jöhetett 
létre. Elképzelhető, hogy a későbbi tektonikai moz-
gások hatására ez a magmás test elszakadt a dúsulást 
hordozó kőzettestektől.

* * *

A poszter életnagyságban letölthető az alábbi 
 képére duplán kattintva.

További információ:  csilla.balassa@uni-miskolc.hu
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Introduction


In the Bükk Mts, NE-Hungary a formerly 


unknown rare earth elements (REE) – Nb – 


Zr – Th - Ta enrichment was found 


recently. The elements enriched belong 


to the group of high field strength 


elements (HFSE), which are usually stable 


during the processes of metamorphism 


and weathering, and their enrichment is 


connected to carbonatites and alkaline 


magmatism. In the Bükk Mts. there is no 


known magmatic source, but based on 


our results, the enrichment has a 


metasomatic origin. It is proven by the  


textural position  of the alteration 


minerals: disseminations, small veinlets, 


nests and pseudomorphs are charac-


teristic.


From the above methods the EDX analyses only were capable to detect the HFSE-bearing minerals, due to 


their low quantity, but the exact chemical quantification remained uncertain, because of to the small grain 


size (maximum a few tens of µms).


ź scanning electron microscopy (SEM) (BSE images, X-ray element maps, EDX): mineral composition, 


chemical composition of the individual minerals


The alteration associated with HFSE enrichment is unvisible with naked eye. To localise the enriched rock 


bodies spectral gamma measurement was used, as Th is also enriched together with other HFSE elements.


ź XRD: mineral composition


ź ICP-AES, ICP-MS, XRF: chemistry


Applied methods


The collected samples were analysed by the following methods:


The age of the outcropping rocks of the Bükk Mts. extends from Late 


Carboniferous to Jurassic.


The Middle-Upper Triassic succession is characterized by metavolcanics and 


deformed sedimentary layers, affected by a Cretaceous dynamothermal 


anchizonal regional metamorphism.


Geology of the locations


Based on the different deformation styles three main tectofacies groups can 


be specified: the North Eastern, Central, and South Eastern Units; among them 


the Central Unit is the most deformed. The units are divided from each other 


with fault zones which contain the HFSE-mineralized rock bodies. Mineralized 


bodies occur in two groups: at the boundary of the North Eastern and Central 


Units in Lillafüred, NE Bükk Mts, and at the boundary of the Central and South 


Eastern Units in the SE Bükk Mts. At the NE occurrence siliciclastic sediments 


host the enrichments, while at the SE location both siliciclastic sediments and 


metavolcanics, the latter often peperitic.


Trace element 
geochemistry


Fig. 4.: Box and whiskers diagram of the trace element concentration in 27 


samples, normalised to the upper crust. Most enriched elements are Th, Nb, Ta, 


Zr and REEs, although K is also enriched. Elements usually present in low 


amounts are Ba, Sr, P and Ti, the last two most probably depleted during the 


mineralisation. The diagram does not contain the data of limestones, having 


low trace element concentration. Dot lines represent the average of non-HFSE 


enriched metavolcanic formations (red = Szinva Metabasalt F.; yellow = 


Szentisványhegy Metavolcanics SE; black = Szentistvánhegy Metavolcanics NE


Fig. 5.: Chondrite-normalised REE-pattern of the studied samples. The 


negative Eu-anomaly is generally characteristic. Green line represents wall 


rock limestone.


Fig. 7.: Although samples are generally LREE-dominant, the ratio of 


HREE/MREE is increasing with the negative Eu-anomaly. As the Eu-


anomaly is more accentuated in more mineralised rocks, higher degree 


of enrichments also means higher HREE/MREE fractionation.


Fig. 6.: Diagram showing the relationship of mineral composition and enrichment rate; furthermore, the different behaviour of the 


HFSE minerals on the example of Kőris valley occurrence (see Fig. 4). Higher calcite - lower mica content is always coupled with lower 


rate of mineralisation. These samples also have higher albite/total feldspar ratio, than more mineralised ones. Samples without micas 


do not contain outstanding HFSE-concentration, although the significant depletion of Eu, Ti and Th, as well as the low rate of potassic 


feldspars suggest, that they are also affected by the mineralisation.


Other important note, that the enrichment/depletion of the different elements relative to each other is various. Compared to the other 


trace elements Nb, Ta, Y and U show a small enrichment also in wall rock limestones. This suggest that the behaviour of the different 


elements during the alteration process was not the same.


Fig. 12.: Monazites on the edge of Fe-oxides 


(probably pseudomorphs after pyrite) from wall 


rock limestone, NE-Bükk. Although limestones do 


not show significant enrichment, monazite in them 


is not rare. On the bottom of the picture a kind of 


Zr-Th-bearing mixture is observable in Fe-oxide, 


which is probably also generated during the 


mineralisation process.


Fig. 9.: Aeschynites occur only in Lillafüred, in some  


metasiliciclastic beds. Where it occurs, it is the main 


carrier of Nb. It could be either Ce or Y dominant, 


and often occurs together with other HFSE minerals. 


In this figure aeschynite subsitutes a former grain 


associated with Nb-bearing Ti-oxides and zircon.


Fig. 10.: This figure shows an aeschynite 


crystal in phengitic matrix. A slight 


zonation is observable. The prismatic 


shape of the aeschynite refers to a 


twinned rutile precursor.


Fig. 13.: The monazite and zircon are regularly 


present as disseminated, micrometric grains. 


Monazite nets are also typical (not in the figure)


Fig. 11.: In metavolcanics HFSE minerals are 


associated with phengitic micas or potassic 


feldspars. The monazite-bearing mica domain 


showen on the figure can be followed over hundreds 


of micrometres.


Fig. 16.: Braided appearance of Ti-oxides associated 


with phengite is typical. Ti-oxides are Nb-and Zr-


bearing. This type of Ti-oxides most probably 


precipitated during the mineralisation process from 


the Ti-content of an earlier dissolved grain.


Fig. 17.: REE-carbonates (parisite/synchysite-(Ce)?) 


occur only in a distinct siliciclastic layer of the SE 


occurence, but here it is the main REE-carrier. The 


matrix of the rock body composed of quartz and 


phengite, with minor calcite and albite (no potassic 


feldspar was detected). In this figure the REE-


carbonates forms pseudomorphs together with clay 


minerals. 


Fig. 18.: The appearance of REE-carbonates 


associated with Nb-bearing Ti-oxides is 


characteristic.


Fig. 14.: Relict, porous Ti-oxides also could 


incorporate Nb into their structure. The Nb-content 


of the grain is variable, and the inner, intact part 


also contains W. The crystal is surrounded by zicon-


bearing mica nets.


Fig. 15.: Relict Nb-bearing Ti-oxide minerals are 


often associated zircon, along microfractures. The 


matrix is quartz and potassic feldspar.


Conclusions


In the Bükk Mts, NE-Hungary a formerly unknown HFSE-mineralisation was found. The 


enrichment was caused by hydrothermal solutions penetrated along the fault zones, 


leading to mineral and geochemical changes. The solution must be alkaline in pH, as 


the wall rock limestones does not shows any sign of the alteration. Reaction with the 


siliciclastic and metavolcanics layers caused changes in the p-T conditions, causing the 


instability of the dissolved HFSE-complexes. The higher the phyllosilicate and feldspar 


content of a rock body is, the higher is the enrichment rate, which means that the 


dissolved HFSE-complexes became unstable during reaction with silicate material, 


while remain stable in the carbonate rocks. Potassium is enriched generally, leading to 


potassic feldspar and mica generation from albite and chlorite. The paragenesis is not 


uniform. Although potassic feldspar generation are characteristic in feldspar-rich 


metavolcanics, in mica-rich sedimentary rocks feldspars remain albite, and only the 


phyllosilicates are affected by the potassic metasomatism.


 Not only element enrichments, but also element losses occurred during the process, 


which is most significant in the case of Eu, P and Ti. The last two are reflected in the 


general breakdown of apatites and Ti-oxides, although both phases can regenerate 


during the mineralisation process. Nb is incorporated partly into relict Ti-oxides grains 


and partly it forms new Nb-bearing Ti-oxides with braided appearance, furthermore P-


content of pre-existing apatites contributes to the formation of monazite.


Although such kind of mineralisation is usually connected to carbonatite and alkaline 


magmatic bodies, in the Bükk Mts. the source is not known. It is possible that 


somewhere in the depth a burried, highly HFSE-enriched magmatic body is present, 


from where the solutions were originated, and traveled kms until reaching the studied 


rock bodies and causing the enrichment. This body could be in a tectonically 


disconnected position.


If the magmatic body does not exist, the HFSE mineralisation in the Bükk is a completely 


unparalleled phenomenon compared to the known occurences of the world.


Fig. 1.: Satellite image of Europe. Location of the Bükk is 


marked with star


Fig. 2.: Schematic geological  map of the Bükk Mts. 


Number 1 and 2 represents the two occurence of HFSE-


enrichment


Fig. 3. 4. and :Cross sections about the vicinity of enriched  


bodies
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sr = siliciclastic rock


m = marl


ls = limestone


mv = metavolcanics
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Metavolcanics from SE unit consist of albite and potassic feldspars, quartz, dioctahedral micas and in case of peperitic volcanics, calcite. Other 


components detectable by XRD are chlorite, Fe- and Ti-oxide minerals, biotite.


Fig. 8.: Mineralogical composition of the studied rock bodies. Samples are grouped by structural units and ordered according to decreasing REE-


content. Most of the samples originated from enriched rock bodies, but there are samples from non-enriched layers with similar genesis and others 


from wall rock carbonates. Metasediments of NE unit consist of mica, quartz, Fe-oxides in various proportions, with only minor feldspar content. 


Carbonate wall rocks have significant dolomite content, while slightly enriched marly layers do not contain dolomite.


Metasedimentary layers from this unit have various composition, and their origin is often questionable (i.e. they might be volcaniclastics). They 


consist of quartz, dioctahedral micas, feldspars (albite and potassic feldspars) and calcite  in varying proportions.


The enriched HFSE-elements are hosted in various minerals, such as 


REE-phosphates (monazite-(Ce), rarely xenotime), zircon, Nb-


bearing Ti-oxides, apatite, rarely REE-carbonates and oxides. All of 


them are micrometric in size and only observable with electron-


microprobe analyses. These minerals often form nests and 


pseudomorphs, or occur in veinlets. More detailed features can be 


found below the BSE images and element maps. Sample ID-s are the 


same as in Fig. 3., 7., 6 and 8. N/S correspond to the SE or NE location.


HFSE-minerals


1 Lillafüred
Fig. 1.


Fig. 2.


Fig. 3.


Fig. 4.


S14


N4


N9a





		Page 1



Fájlcsatolmány
Cs. Balassa et al.: HFSE enrichment in the Bükk Mts., NE-Hungary – Geochemistry and mineral composition




