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The Natural Resources Research and Utilization (TEKH) Special College of the Faculty of Earth and Environ-
mental Sciences and Engineering, University of Miskolc set a goal in 2023 to pay special attention to critical
raw materials (CRM). In addition to presenting the individual raw material types, it is also important to de-
scribe the Hungarian CRM anomalies. This article is dedicated to presenting the various rare earth elements
(REE) indications, regardless of the type of geological formation containing the anomaly. Our starting point
was the CriticEl project running in the 2010s, but where possible, we expanded the previous results with new
ones. Although volcanic formations can also carry exceptionally high concentrations (Mecsek phonolite, Ve-
lence beforsite), from an economic perspective, sedimentary deposits (Transdanubian bauxites, Mecsek coals)
are more promising.

Keywords: Critical Raw Materials, rare earth elements, Hungary, metamorphites, alkaline magmatites, meta-
morphic volcanics, sedimentary deposits

A Miskolci Egyetem Miiszaki Fold- és Kornyezettudomanyi Karan miikodo Természeti Erdforras Kutatas és
Hasznositas (TEKH) Szakkollégium 2023-ban célul tiizte ki, hogy az Europai Unio torekvéseivel dsszhang-
ban kiemelt figyelmet szenteljen a kritikus nyersanyagoknak. Az egyes nyersanyagtipusok bemutatdisa mellett
fontos a magyarorszagi kritikuselem-eldforduldasok ismertetése is. Cikkiink a kiilonbozo ritkafoldfem-elofor-
duldsainkat mutatja be fiiggetleniil azok foldtani tipusatol. Kiindulopontunk a 2010-es években futo CriticEl
project volt, de ahol lehetséges, a korabbi eredményeket uijakkal bovitettiik. Bar vulkani képzédmények is hor-
dozhatnak kiemelkedéen magas koncentrdciokat (mecseki fonolit, velencei beforsit), gazdasagi szempontbol
az tiledékes telepek (dunantuli bauxitok, mecseki szenek) igéretesebbek.

Kulcsszavak: kritikus nyersanyagok, ritkafoldfémek, Magyarorszag, metamorfitok, alkali magmatitok, metamorf
vulkanitok, iiledékes telepek
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Introduction

Rare earth elements (REE) are crucial for today’s
technology. which are used in a range of modern tech-
nologies. A number of research projects, including
the EURARE and ASTER projects, have been funded
in Europe to investigate various steps along the REE
supply chain. This paper addresses the initial part of
that supply chain, namely the potential geological re-
sources of the REE in Europe. Although the REE are
not currently mined in Europe, potential resources are
known to be widespread, and many are being explored.
The most important European resources are associated
with alkaline igneous rocks and carbonatites, although
REE deposits are also known from a range of other
settings. Within Europe, a number of REE metalloge-
netic belts can be identified on the basis of age, tec-
tonic setting, lithological association and known REE
enrichments. This paper reviews those metallogenetic
belts and sets them in their geodynamic context. The
most well-known of the REE belts are of Precambrian
to Palaeozoic age and occur in Greenland and the Fen-
noscandian Shield. Of particular importance for their

REE potential are the Gardar Province of SW Green-
land, the Svecofennian Belt and subsequent Mesopro-
terozoic rifts in Sweden, and the carbonatites of the
Central Iapetus Magmatic Province. However, several
zones with significant potential for REE deposits are
also identified in central, southern and eastern Europe,
including examples in the Bohemian Massif, the Ibe-
rian Massif, and the Carpathians (Goodenough K., et
al., 2016). Because their high economic importance
and supply risk, REEs are belonging to the group of
Critical Raw Materials (CRM) in the EU. Jancsek
(2023) made a brief review about REE potential and
mining in a global perspective.

Natural Resources Research and Utilization Spe-
cial College (after Hungarian abbreviation TEKH) is
the association of talent-building for students at the
Faculty of Earth and Environmental Sciences and En-
gineering, University of Miskolc. With this article the
College continues the update the former CriticEl proj-
ect, collect available new data about CRMs, as well
as about Hungarian mineralizations , build a database
from the collected data, and publish the results.

Table 1. List of the mineralizations presented in this paper, with the postal ID of the nearest settlement (indicated on Fig-
ure 1), rock type,, and the other occurring CRMs or other trace elements

Location Mineralization ID Rock type Other CRMs + trace elements
Buda Mis. Budasrs 2040 alkaline magmatltes,. clays, hydrother- Th
mally altered dolomites
Lillafiired 3517 SlllClc{astlc sedimentary rocks, meta- Th, Zr, Nb, Ta (Li?)
volcanics
Biikk Mts.
LT ezt o hosphatite layer, neighbouring volca-
reszt, Southern 3557 | PPOSP yer, neig & Be, Mn, U, W, As, Sn
.. nics
Biikk
Uppony Mts. Dédestapolcsany | 3643 | siliciclastic sedimentary rocks U, Ba, V, Ti, Cu, graphite
Rudabéanya Mts. Rudabéanya 3733 | siliciclastic sediments Ba, Sr, Cu, Zn, Pb, Ag
B Irota 3786 . .
Szendr6 Mts. phyllite Zr, Au, As, graphite
Rakacaszend 3826
Magyaregre 7332
i - = - i phonolite Nb, Ta, Th, Hf, Zr
Hosszhetény 7694
Mecsek Mts.
Nagymanyok 7355 | hard coal Nb, Ta, Zr, Hf, Ge
Pécs-Vasas 7691
Villany Mts. Nagyharsany 7822 | bauxite Ga, Sc
Gant 8082 | bauxite Ga, Sc,
Velence Mis. Pékozd 8095 gra.m%toids .
. oxidized beforsite F, Nb, Ta, Th, Pb, Zn
Sukor6 8096 | Lonchi quit
Balaton Highlands | Balatonrendes 8255 | sand, limonitic concretions U, Th,
Urkat 8409 | carbonatic Mn-ore Mn, Co
Bakony Mts. Halimba 8452 . .
— bauxite Hf, Ta, W, Pb, Bi, Th, U
Nyirad 8454
Sopron 9400 . . Th
Sopron Mts. mica schists -
Felsoérakos 9421 Th, U, Ti, P
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Figure 1. Location of theREE mineralizations presented in this paper. Numbers indicate
the postal ID of the nearest settlements. List of IDs can be found in Table 1

The University of Miskolc coordinated the Critic-
El project between 2012 and 2014, which was aimed
at at researching CRMs (at that time 14 raw materials
compared to 34 items on the 2023 list). One of the
main focus was on REEs. A whole volume of the Crit-
icEl Monography Series was dedicated to this topic
(Szakall, 2014). In this paper we summarize the re-
sults of former CriticEl, and integrate it with the fol-
low-up work, with new results. 7able I summarizes
some relevant information about the occurrences,
while the location of these are shown in Figure 1.

Hungarian REE-indications

Metamorphites
Sopron Mts.

The Sopron Metamorphic Complex (Babinszki et
al., 2023) is one of the few metamorphic formations
which was examined from the point of view of Rare
Earth Elements during the 20th century. Results of the
study made by the Mecsek Ore Company were sum-
marized by Fazekas et al. (1975). More recent studies
were made published by Nagy et al. (2002); Nagy and
Draganits (1999); and Torok (2020). The occurrence
was not included in the CriticEl project.

Sopron Metamorphic Complex consists of mica
schists, orthogneiss varieties and special metasomatic
rocks. Early-stage metamorphic processes were con-
nected to the Variscan Orogeny and the subsequent ex-
tension process, followed by the Alpine metamorphic
period. Exhumation occurred during the late Creta-

ceous — early Paleogene. REE-indication is connected
to boulders occurring at elevated terrains (Nagyfiizes,
Szarvas Hill, Haz Hill), as well as to quartzite from
Szarvas Hill. Altogether five different REE + Th-bear-
ing rock types, kyanite-muscovite schists, quartz-mus-
covite-chlorite schist were distinguished. Trace el-
ements were measured by semiquantitative and
quantitative spectrographic analysis. Based on these
early assays. the REE + Y concentration ranges be-
tween 0.7 and 8%, (Fazekas et al. 1975). The domi-
nant REE-minerals are florencite and monazite. Prob-
ably the monazite is partly the alteration product of
the florencite. Thorium is incorporated into thorite and
thorianite (Fazekas et al., 1975). Nagy and Draganits
(1999) and Nagy et al. (2002) also distinguished sev-
eral generations of monazite, furthermore they detect-
ed the presence of rhabdophane.

In the Sopron Mts., the Fertdrdkos Metamorphic
Complex also has high REE concentrations (Vincze
et al., 1996). This formation consists of graphitic phyl-
lite, paragneiss, amphibole schists, pegmatites. The
metamorphism has amphibolite and greenschist facies
(Babinszki et al., 2023). Alpine metamorphism led
to the mobilization of various chemical elements, in-
cluding the Th, U and REEs, as well as Ti, P and base
metals. Sulphide ore indications are present. The begin-
nings of the exploration are dated back to 1969, when a
chlorite-apatite mica schist was explored with uranium
anomaly, by Mecsek Ore Company. Observed rock al-
teration processes are chloritization, sericitization, tour-
malinitization, pyritization. Total REE concentrations
are between 0.013 and 0.038%. The most important
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REE-bearing mineral is apatite, but epidote also occurs.
Haz Hill occurrence is LREE-dominant, the Fertérakos
occurrence is HREE-dominant.

Alkaline magmatites
Mecsek Mts.

Mecsek Phonolite was a target during the CriticEl proj-
ect for REE research (Szakall et al., 2014). In the East
Mecsek, two large shallow intrusive masses of phono-
litic rocks are known, which can be examined over a
large area at the surface: 1) the Koves-tetd deposit north
of Hosszuhetény and 2) the Somly6 - Szamar Hill de-
posit south of Szaszvar. There is also a tephritic-tephri-
phonolite layer with greater thickness in the Réka Val-
ley with pegmatoid nests, and an iron-sulphide contact
belt along the Toarcian black shale outcrop (Jager &
Molnar, 2006). The phonolite of Hosszthetény, Koves-
tetd was quarried. The K&ves-tetd phonolite body can
be followed with an average thickness of 100 m, traced
in 1.7 km width (Némedi Varga, 1995), and it was in-
truded into the Jurassic coal-bed assemblage during
the Lower Cretaceous magmatism. We can only ex-
trapolate the depth of the intrusion from the sediment
thickness data for the East Mecsek, as about 2 km. The
known other intrusion at Somly6 and Szaméar Hill near
Szaszvar is also a sill-like body, which intruded into
the Jurassic fine-grained clastic assemblage (mainly
Mollusca shell-bearing quartz bearing aleurolite) at a
calculated depth of about 1.5 km. The thickness of this
subvolcanic body reaches 300 m. The greater thickness
and slower cooling have resulted in a higher degree of
differentiation, with coarse-grained, pegmatoidal rock
varieties occurring in some places.

Among the alkaline igneous rocks of Mecsek,
phonolite has the highest total REE values (between
460-500 ppm), which is about 3-3.5 times enrichment
compared to the average of the continental upper crust.
The phonolites carry a wide range of REE minerals. To
date, 14 such phases have been identified, including,
for example, fluornatropyrochlore among the oxides;
lanthanite-(Ce), ancylite-(Ce), calcioancylite-(Ce), and
bastnisite-(Ce) among the carbonates; and joaquin-
ite-(Ce), cerite-(Ce), and eudialyte among the silicates.
REE minerals formed coeval with the predominant rock
constituents and the phases formed in the miarolitic
cavities during the mobilization of REEs. REE-bear-
ing smectite was also detected. At the same time, the
amount of REEs is strongly reduced at the contact of
coal bearing sediments in contact with phonolite.

Velence Mts.

Occurrences of Velence Mts. were also examined in
the frame of the CriticEl project (Szakall et. al. 2014).

The geological investigation of the Velence Mts. has
been mainly focused on the granite, the contact shale
surrounding the granite from the north and east, the
andesite intrusions within the granite and the second-
ary, altered rocks (Eocene magmatic formations) east
of the granite body. A major part of the Velence Mts. is
composed of granite, intruded into a Paleozoic meta-
morphic assemblage. Upper Permian and Triassic sed-
iments also appear from boreholes to the south-cast
part of the mountain. In the northeastern part of the
mountain range, Eocene-Oligocene andesite and met-
amorphic varieties are found. The older formations of
the mountain range are covered by Upper Miocene
(Pannonian) and Quaternary sediments.

The granite porphyry is a characteristic feature of
the mountain (Pakozd Granite Porphyry Member).
The large number of dikes predominantly 5-25 m
thick, were often detached from the granite and cre-
ated a special relief. Two types can be distinguished,
the Sukor6 and the Patka type. The Sukord type is
purplish-grey to purplish-red, slightly more basic
(less porphyritic quartz, more common potassic feld-
spar and plagioclase porphyries), the Patka type is
greenish-grey to orange-brown, slightly more acid-
ic, with porphyritic quartz crystals. In the late phase,
microgranite intrusions were formed (Kisfalud Mi-
crogranite Member). Contact metasedimentary rocks
have formed on the granite margin. Late Cretaceous
carbonatite dikes (beforsite) intrude the earlier forma-
tions (Szakall et al., 2014).

The total REE concentration values of the granit-
oids of the Velence Mts. range from 60 to 225 ppm.
Practically, the REE concentration depends on the
amount of accessories — among which biotite is the
most important — because accessory phases are associ-
ated with the REE-bearing phases, such as monazite-
(Ce), cheralite, xenotime-(Y), REE-bearing apatite,
allanite-(Ce), REE-bearing epidote. REE concentra-
tion is around the crustal average, with slight relative
enrichment of heavy REE (HREE).

The TREE concentration of oxidized beforsite can
reach 600—740 ppm. It is worth to mention that while
the REE carrier of the intact beforsite (from drillhole)
is monazite-(Ce), in the oxidized rock collected at the
surface is the florencite-goyasite mixed crystal, which
was formed from REE mobilized during weathering
processes in the oxidation zone. REE-concentra-
tion of monchiquite is also low. In this rock type the
REE-bearing minerals are various phosphates, sil-
icates and carbonates, which are difficult to identify
because of their very small size (mainly REE-bearing
apatite, monazite, britholite). The other alkaline mag-
matite, spessartite (for which trace analysis has not
yet been carried out), is REE-bearing monazite-(Ce),
xenotime-(Y) and zirconolite. Overall, beforsite is the
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most promising rock for REE but its poorly known
extension its potential cannot be judged.

Buda Mts.

The Buda Mountains is the extreme eastern segment of
the Transdanubian Mountains built mainly from Mezo-
zoic carbonate and siliciclastic sediments. The highest
rare earth metal content was detected in relation of the
Upper Cretaceous alkaline lamprophyres and carbon-
atit dikes similar to beforsites found in the Velence. In
the Buda Mts., indications of Th and REEs (Sc, Y, La)
have become known. Th is found in clays filling frac-
ture zones of tectonic origin in the Triassic basement.
Their presence indicates hydrothermal processes. Sc,
Y, La occur both together with Th and separately. Their
presence indicates hydrothermal processes.

The other type of Th occurrence is associated
with the fractures that cut through the layers of dolo-
mite or Dachstein limestone of the Triassic bedrock,
with the yellowish-brown, grayish-yellow or red clay
with limestone and dolomite debris filling between
the fault or strata-bound displacement planes. The
source rock of the REEs is a deep alkaline igneous
rock consisting predominantly of biotite. The thick-
nesses of the zones vary between 5 cm and 2 m and
contains 0.2—0.3% Th on average. Th is also found in
the youngest formations of the surface, directly on or
below the surface, in the slope debris of the bedrock,
in the clay fraction.

In two drillholes at the Nagykopasz Hill, dike
rock was intersected consisting predominantly bio-
tite, which also contains chlorite, apatite, zoisite, epi-
dote, amphibole, enstatite, tourmaline and corundum.
Orthoclase and feldspar, a little muscovite and quartz
can also be found in it. The rock was subsequently
carbonated, it contained 100 g/t Sc, 10-100 g/t Y and
100 g/t La. This rock may be the source rock of the
indicated REEs.

Villany

In the northern foreground of the Villiny Mts. hy-
drothermal sulphide bearing hydrothermal veins in
riolites and microgranites contain 1300-2000 pmm
REEs. No further information is known about this en-
richment (Konrad et al., 2000). Polymetallic ore de-
posits Matra, Recsk.

Metamorphic sedimentary and volcanic
environments

Biikk Mts.
Metavolcanics near Biikkszentkereszt were the target of

several radiometric measurements and field investiga-
tions (Barabas, 1957; Csaki and Csaki, 1973; Kubovics

et al., 1989; Szabo, 2002; Wéber, 1975, 1968, 1967,
Weéber and Cséki, 1971). First integral airborne gamma
measurements were carried in 1955, followed by spec-
tral airborne measurement between 1967 and 1969,
which indicated elevated Th and U concentrations, and
led to a detailed radiometric survey field investigations,
drillings and trenching. Based on the results, a high U
phosphoritic layer was found, (in Triassic Bagolyhegy
Metarhyolite) near to Biikkszentkereszt, Hosok Spring,
with 100400 g/t U, as well as significant amount of P,
Mn, Pb, Zn, REEs and Be (about 100-300 g/t). This
layer was designated as a target of CriticEl project (Za-
jzon et al., 2014). In Mn-oxide rich phosphorite layers
the average total REEs content is 143 ppm, from which
the HREE + Y is 64 + 195 ppm. In the neighbouring
chlorite-rich metavolcanics the average total REEs
is 162 ppm (HREE+Y is 24+34 ppm). The occurring
REE-and other critical element minerals are xeno-
time-(Y), monazite-(Ce), columbite-(Fe), REE-bearing
titanite, pyrochlore-(Y) / nioboaeschynite-(Y) and fluo-
rapatite. The relative enrichment of the REEs (especial-
ly HREEs) probably occurred due to element mobility
because of the interacton of two metavolcanic layers.
The source of the critical elements can be the wall rock,
or the magma residuum enriched in incompatible trace
elements.

Beside Biikkszentkereszt, other mineralizations
from the Southern Biikk Mts. also have REE potential.
During the CriticEl project several other metavolca-
nics were sampled and analyzed for trace elements.
A sample from SE Biikk showed extraordinarily high
REE and other trace elements (e.g. Zr, Nb, Th, Ta) con-
tent (Németh et al., 2016). This result was followed by
further research conducted by University of Miskolc,
with the help of natural gamma measurements, taking
advantage of the presence of radioactive Th (Németh
et al., 2023). Samples with similar trace element geo-
chemistry were found in two different territory, both
of them are situated next to structural boundary zones:
1) in Vessz6s Valley, near Lillafiired, NE Biikk.,
where Triassic siliciclastic metasedimentary rocks
(Hegyestetd Formation) contain enrichments, and 2)
in a relatively wider territory of SE Biikk (K6zépszEk,
Koris Valley, Fels6-Kecskevar), where Triassic silici-
clastic metasediments (Fels6tarkany Formation) and
metavolcanics (Szinva Metabasalt) are found.

High values were measured in a grab sample from
Vesszos Valley, where REE+Y content reach 1890 ppm,
Nb 200 ppm, Ta 24 ppm, Zr 3600 ppm; Average concen-
trations of the above-mentioned elements taking into ac-
count all the enriched bodies are REE+Y 317 ppm, Nb
59 ppm, Ta 4 ppm and Zr 534 ppm, respectively, lower
values are often the result of peperitic mixing of me-
tavolcanics. The most usual REE mineral is monazite-
(Ce), but for individual rock bodies other minerals, like
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REE-F-carbonates (parisite-(Ce), bastnésite-(Ce) or
REE-Nb-oxides (aeschynite-(Ce), aeschynite-(Y), as
well as their niobian varieties), can be characteristic.
Other trace elements which usually occur are zircon
and niobian Ti-oxide. The enrichment of the critical ele-
ments probably the result of metasomatic processes and
connected to an unknown source body.

In addition to these in addition to these relatively
more significant values, smaller REE-indications can
be found in the Triassic Szentistvanhegy Metavolca-
nics and in the various Miocene tuffaceous and ig-
nimbrite bodys.

Szendro Mits.

The territory of the Szendré Mts. was the object of
airborne radioactive and magnetic measurements
in the 1960s, followed by drillings by MEV in the
vicinity of Irota (Szabd, 2002; Wéber, 1975). Here
relatively high non-ferrous metal- and Fe-sulfide con-
tent were found, probably in the Irota Formation or
in the Szendrd Phyllite. During the CriticEl project,
the territory was assigned to further research, orig-
inally for metals and PGSs, but based on their ini-
tial results REEs are also promising (Foéldessy and
Németh, 2014). In the frame of the project, surface
rock and soil sampling, as well as drill core re-sam-
pling were carried out. Among REEs only Ce, La, Y
and Sc were measured. The average values are Ce
66, La 34, Y 3, and Sc 13 ppm, respectively, while
the maximums are Ce 147, La 75, Y 10 and Sc 70
ppm. Generally higher values were measured on the
drill cores. Typical REE-minerals are monazite-(Ce)
and various REE-F-carbonates (synchizite, parisite),
rarer ones are REE-silicates (allanite, thorite) and
REE-Nb-oxides (Czeglédi, 2013). REE-minerals are
partly transported to the siliciclastic rocks as detrital
components, but later they suffered coupled dissolu-
tion- reprecipitation processes due to hydrothermal
alterations connected to metamorphism.

Leskoné Majoros (2019, 2021) investigated graph-
ite occurrences in Rakaca Valley, in the vicinity of Rak-
acaszend. Graphitic samples often contain REE-miner-

als, which prompted the researchers of the University
of Miskolc to explore the REE potential of the area,
with the help of radiometric method (Balassa et al.,
2024). New samples were collected from Szendrd
Phyllite Formation. The highest REE+Y concentration
measured by ICP-MS is 690 ppm, but Zr content is
also noteworthy with its 360 ppm. The average values
are REE+Y 265 and Zr 280 ppm. REEs are incorpo-
rated into monazite-(Ce), xenotime-(Y), and rarely to
REE-F-carbonates (parisite, synchysite) or cheralite.
Probably this occurrence has similar origin that in case
of Irota, and presence of REE-minerals partly the result
of element mobilization due to the Cretaceous meta-
morphism.

Uppony Mts.

In the Uppony Mts. MEV conducted uranium prospect-
ing in the 1970s, based on detected airborne radiometry
anomaly (Elsholtz, 1973; Elsholtz et al., 1974; Szabo,
2002; Wéber, 1975). The U was found present as trace
element in a hydrous Al-phosphate, kingite. Iron ore
was historically mined in Uppony Mts. (Panto, 1954).
Later Leskoné Majoros (2019) examine the graphite
occurrences in Ragyincs Valley, near Dédestapolcsany,
and detected the presence of REE minerals. University
of Miskolc are conducting new research in the terri-
tory, with radiometric measurements (Balassa et al.,
2023,2024). Analyzed samples are mainly siliciclastic
sedimentary rocks, occasionally unconsolidated sed-
iment from the Ordovician — Devonian Tapolcsany
Formation. Samples are often (but not exclusively)
from former iron ore adits (Figure 2). New samples
were analyzed by ICP-MS. Maximum REE+Y con-
centration is 510 ppm, the average is about 300 ppm.
Some other maximum (and average) minor and trace
element concentrations: Zr: 285 ppm (163 ppm), U:
28 ppm (12 ppm), V: 2220 ppm (604 ppm), Ba: 3190
ppm (1070 ppm), P,Os: 1.9% (0.54%), TiO,: 1.8%
(0.92%). Based on correlation analysis, V, Ba and U
show strong correlation relationships with each oth-
er and moderate to strong correlation with HREEs.
The REEs are incorporated into monazite-(Ce), xe-
notime-(Y), and che-

ralite-huttonite solid
solutions.  Similarly
to Szendrd Mts., pres-
ence of the REE
minerals is partly the
result of sediment
supply, but metamor-
phism led to element
mobilization and pre-
cipitation of new REE

Figure 2. Unconsolidated gamma-active siliciclastic sediment from the Uppony Mts., with the

minerals.

scintillation detector (on the left) and a formerly iron-ore adit (Also Mihaly adit) (on the right)
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Urkat

The Urkiit manganese mineralization is the most sig-
nificant manganese deposit in the Bakony Mts. In the
vicinity of Urkut, production has been going by open-
pit and underground mining since 1925 (Horvéth et
al., 2014). Rare earth elements in the area were first
noticed during a research on the distribution of P con-
tent in the 1960’s (Grasselly et al., 1988). The most
favorable values were found a drillhole U-307, with
REE oxide values between 0.09-0.12 t% and on the
surface at Csardahegy with REE oxide values be-
tween 0.145 — 0.26 t% (Palfy et al., 1970).

The appearance of REEs is mainly related to the
phosphate minerals. In Eplény and Urkut there are
phosphorus rich fine-grained (2—5 pm) layers in the
transition zone between Mn carbonate and Mn-oxide
(Polgari et al., 2003). The manganese mineralization
was briefly mentioned in relation to its cobalt content
(Badawi et al., 2024). The total REE content of the
carbonate ore samples varies between 90 and 387
ppm, with an average of 259 ppm and standard devi-
ation of 66 ppm. The Sm, Eu, Gd, Tb and Dy are en-
riched the mostAccording to the SEM measurements,
the correlation of phosphorus and REEs indicates that
the phase carrying REEs in the carbonate ore is main-
ly apatite of biogenic origin.

Mecsek coal deposits

Among the Hungarian coal basins the Mecsek coals
have the highest minor element potential. The main
generation period of the Mecsek coal was in the Low-
er Jurassic, originally in limnic environment, but later
the environment was changed to paralic, so the de-
posits can be divided into a limnic, a mixed and a
paralic part. Several programs produced data in the
more than fifty years after the first detailed publica-
tion of Csalagovits and Vigh-Fejes (1971). A study of
100 samples have been published by Kadas (1985).
66 samples have been taken for assay during the
CriticEl program, and assayed by ICP-OES, ICP-
MS in two laboratories. The average TREE content
of black coals was 647 ppm in Pécs-Vasas, 528 ppm
in Nagymanyok, 545 ppm in Pécs-Szabolcs. In the
last occurrence shales also contain 596 ppm total
REE (Horvath, 1014). The average of all samples
were 390 ppm TREE, 445 ppm TREE+Y+Sc, 10% of
HREE ratio in total REE. The maximum values are
1231 ppm TREE, 1370 ppm TREE+Y+Sc. Research
and exploration is recently going on the Nagymanyok
property. Other associated enrichments of minor ele-
ments include Nb, Ta, Zr, Hf, Ga and Ge. The results
were evaluated and interpreted in regional context by
Piispoki at al. (2018).

Baucxite deposits

The bauxite minerals that dominate the Hungarian
deposits are bohmite, gibbsite and occasionally dia-
spore. The most common accompanying minerals of
the deposits are hematite, goethite, kaolinite, anatase,
rutile and quartz (Bardossy, 1977).

Among the trace elements found in bauxites,
mainly Ga, Sc, REE+Y, and the so-called High Field
Strength (HFS) elements (U, Th, Nb, Ta) can be of
any economic importance.

During the CriticEl project 10 bauxite samples
were examined (Szabo et al., 2014). In the case of
Halimba samples, SEM observations revealed a di-
verse mineralogical composition. Several types of
terrigenous mineral grains were identified in these,
such as zircon, monazite, xenotime, Fe-oxide, anatase
and rutile. The size of the grains is around 5-10 pum,
their shape varies from angular elongated to rounded
grains. Several types of monazite with different rare
earth metal content and xenotime grains with REE
content were identified. LREEs appeared in monazite,
while HREEs were enriched in xenotime.

During SEM examinations of the Nyirad samples
zircon appears as an identifiable grain in the raw mate-
rial, furthermore in some places Fe-oxide in an amor-
phous form and rarely with a spheroidal-veined, fibrous
structure. Independent REE+Y-containing mineral
phases were hardly found in the samples. A very small
amount of 2-3 um monazite can be classified here.

Immobile HFS elements during chemical weather-
ing in the studied bauxite samples show small amounts
and narrow concentration ranges (Zr: 40-550 ppm,
Hf: 1-13 ppm, Nb: 7-51 ppm and Ta: 0.4-3.7 ppm).

Based on the geochemical tests, it can be estab-
lished that the source rock of the studied bauxites is
basic to neutral magmatic rock, or less probably sedi-
mentary rock. The bauxites show a 3—6 times enrich-
ment of total REE+Y elements compared to the mod-
ern continental upper crust.

The total REE+Y content of the examined Ny-
irad, Bakonyoszlop, Gant, Halimba bauxites varies
between 392-788 ppm. The largest TREE concentra-
tions were detected in the Nagyharsany bauxite sam-
ples (969-1204 ppm)

Balaton Highlands

MAFTI has conducted research in the area of the Bala-
tonrendes REE-uranium anomaly formerly investigat-
ed by the MEV (former mining company) at the end of
the 1960’s.

By gamma spectrometry and dosage measure-
ments at Balatonrendes were located the anomalous
zones, where the collected samples discovered that
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high XREE concentration is associated with samples
with high U content. The uranium content is around
0.1 wt% and the amount of rare earth metals is also
high between 0.04-0.21 wt%.

The total REE+Y contents of the sand samples
are 115-222 ppm, these values are close to the aver-
age of the earth’s crust. Significant enrichment can be
detected in limonitic concretions, where four times
the average of the earth’s crust was measured (683
ppm). The high Y-content of the sample (254 ppm)
is particularly noteworthy. According to the main
element analysis, this sample contains a significant
amount of iron and manganese. This sample also has
the highest U (66 ppm) and Th (11.9 ppm) contents.
This finding correlates to the MEV report, as rocks
with the highest U content contains the most REE.
The U content of iron concretions is generally higher
(12.3—66 ppm) than that of sands (2.1-13.4 ppm) and
they show enrichment in heavy REEs compared to

sands. In addition to radioactive trace elements, As,
Mo, Cd are enriched in iron concretions, and Rb, Zr,
Nb and Cs in sands.

Pathfinder radioactive elements for REE
enrichments in coals

In earlier coal explorations REE chemical assays
were seldom done, meaning that these databases have
only small value to obtain direct REE information.
However, air-borne gamma ray spectrometry was a
customary reconnaissance method. Also, radioactive
logs, like natural gamma were regularly measured in
coal exploration drillholes. For the CriticEl coal as-
say data (71 samples) >100 ppm TREE were summa-
rized and correlated with K, Th, U assay values. It was
found, that both U and Th data are strongly correlated
with TREE content (0.90 and 0.75 coefficients), while
K does show weak correlation with TREE (0.45 co-

Table 2. Selected results of the CriticEl project. Chemical data represent average values of samples with
TREE > 130 ppm. The number of the samples considered are given in the second column. (Pzo = Paleo-
zoic, C = Carboniferous, T = Triassic, J = Jurassic, K = Cretaceous, Pg = Paleogene, M = Miocene;
LREE: La, Ce, Pr, Nd, Sm, Eu; HREE: Gd, Th, Dy, Ho, Er, Tm, Yb, Lu)

Number of A TREE TREE+Y+Sc HREE HREE%

samples £e ppm ppm ppm %
Erdébénye 1 M 205 249 27 13
Gant 3 Pg 550 669 61 11
Bakonyoszlop 2 K 495 586 44 9
Nyirad 2 K 362 386 32 9
Nagyharsany 4 K 969 1204 66 7
Halimba 8 K 747 862 69 9
Hosszuhetény 12 K 461 502 30 7
Nagymanyok 5 J 476 539 40 8
Széaszvar 4 J 618 684 49 8
Varalja 4 J 499 583 53 10
Maza 7 J 457 517 39 9
Komlé 4 J 386 436 31
Pécs-Szabolcs 18 J 448 509 35
Pécs-Vasas 22 J 259 303 28 11
Eplény 3 J 333 378 29 9
Urkit 89 J 325 384 34 10
Nagykovacsi T 620 656 26 4
Rudabanya T 177 216 19 11
Biikkszentkereszt 13 T 170 308 49 32
Szendrélad C 143 188 19 17
Szakacsi C 195 235 21 11
Irota C 315 375 32 10
Velence hg. 39 C 179 244 33 23
Sopron 1 Pzo 4750 4762 92 2
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Figure 3. Chondrite-normalized plots of selected samples studied during the CriticEl, as well as of
same new samples (with dashed line). The main aspect of the selection was the high REE content

efficient). This is a promising early finding to work
out an exploration tool revising coal outcrops and coal
drillhole logs.

Of course, natural gamma measurements are use-
ful for REE-exploration also in other type of rocks, as
it could be seen in the example of Biikk, Uppony, and
Szendrdé Mts. in this paper.

Summary and conclusions

REEs are one of the important element groups con-
sidered as Critical Raw Materials. In Hungary, the
first attempt to make a brief review about REEs was
made during the CriticEl project, led by the Univer-
sity of Miskolc. As a part of its activity, the Natural
Resources Research and Utilization Special College
tries to summarize its previous results and supple-
ment them with new ones, if possible. Average REE
concentrations measured during the CriticEl project
are summarized in Table 2. Figure 3 compares the
REE-characteristics of some samples, which has
relatively high REE-concentrations. Among the vol-
canic deposits, exceptionally high values can also
be measured in the Mecsek phonolite and in the ox-
idized beforsite of Velence Mts. On the other side,
sedimentary deposits might be also promising from
the point of view of economic utilization. From this
group Mecsek coal deposits, Bakony bauxite depos-
its and Urkat Mn-deposits can be highlighted. In the
future further research of these deposits could pro-
vide important results for the evaluation of Hungarian
REE-potential.
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