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Abstract  
Complementary micro-area mineralogical investigations using electron probe microanalysis (EPMA) allowed for 
the identification of several REE-bearing mineral phases, including monazite-(Ce) [(Ce,La,Nd,Th)PO ], xenotime-
(Y) [YPO ], allanite-(Ce) [(Ce,Ca,Y) (Al,Fe) (SiO ) (OH)], plumbogummite [PbAl (PO ) (OH) ·(H O)], and 
unidentified fluorocarbonate minerals occurring in close association with cassiterite-sulphide mineralization in the 
Stara Kamienica schist belt (Sudetes, SW Poland). Based on whole-rock data, as well as EPMA analyses of 
mineral chemical compositions, the environmental origins of xenotime-(Y) and monazite-(Ce) were determined as 
detrital, metamorphic, and hydrothermal, reflecting the complex geological history of the study area. REE-bearing 
fluorocarbonates, allanite-(Ce), and plumbogummite, identified for the first time in the Stara Kamienica schist belt, 
require further mineralogical and geochemical investigations to clarify their origins and roles within the mineral 
paragenesis. The results of this study provide new insights into the genesis and evolutionary history of both the 
Stara Kamienica schist belt and the entire Karkonosze-Izera Massif. Exploration of the Stara Kamienica mining 
site has been focused so far basically just on tin mineralisation, and this study provides the first comprehensive 
documentation of REE-bearing phases there. 
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Introduction 
Rare Earth Elements (REE), commonly categorized into light (LREE; La–Eu) and heavy (HREE; Gd–Lu, 

including Y) subgroups, play a crucial role in modern technological applications owing to their distinctive 
physicochemical properties. For this reason, they are often referred to as the ‘vitamins of industry’ (Crow, 2011; 
Zhai et al., 2019; He and Yang, 2022). 

The Stara Kamienica schist belt, located in the Western Sudetes of Poland and forming part of the 
Karkonosze-Izera Metamorphic Unit, is predominantly composed of quartz–chlorite–mica schists. Within this 
lithological framework, occurrences of cassiterite associated with sulphide mineralization have been identified 
(Michniewicz et al., 2006). Historical records indicate that tin mining activities in this area date back to the early 
16th century. In the mid-20th century, two major tin ore deposits – Krobica and Gierczyn – were documented but 
also several prospective zones were recognized (Małek et al., 2019, and references therein). Recently, the Stara 
Kamienica schist belt has become an object of interest again as part of prospection and assessment work aimed 
at raw materials considered critical by the European Commission (CRM – critical raw material; COM, 2017; e.g., 
Mikulski et al., 2018; Małek et al., 2019; Foltyn et al., 2020; Zygo et al., 2023).  

Whole-rock geochemical investigation of many rock samples from the Stara Kamienica schist belt 
indicated enrichment in some CRMs (Mikulski et al., 2018) and electron probe microanalysis (EPMA) led to the 
identification of a wide range of REE-bearing minerals such as monazite-(Ce) [(Ce,La,Nd,Th)PO4], xenotime-(Y) 
[YPO4], allanite-(Ce) [(Ce,Ca,Y)2(Al,Fe)3(SiO4)3(OH)], plumbogummite [PbAl3(PO4)2(OH)5•(H2O)] and group of 
unidentified fluorocarbonates occurring in association with ore mineralisation.  

This article characterizes the detailed mineralogy and geochemistry of (REE)-bearing minerals occurring 
in the Stara Kamienica schist belt. It focuses on the identification and description of mineral phases responsible 
for REE accumulation, their chemical composition (Appendix 1), and potential origin, in the context of the 
geological evolution of the Karkonosze-Izera Massif and its significance as a potential source of CRMs. 

Geological setting 

The Western Sudetes represent the northern exposed segment of the Saxothuringian Zone within the 
Bohemian Massif (Franke and Żelaźniewicz, 2000; Konopásek et al., 2019). Its southern portion comprises the 
Karkonosze-Izera Massif, whose core consists of a granitoid complex derived from an early Paleozoic protolith 
(Borkowska et al., 1980; Kröner et al., 2001). This core is encircled by metamorphosed sedimentary and volcanic 
sequences (Kryza et al., 1995, 2007; Winchester et al., 1995, 2003; Žáčková et al., 2012). The geological 
evolution of the region commenced with the subduction of the Saxothuringian Ocean, a process marked by the 
formation of high-pressure mineral assemblages in both mafic and felsic rocks (Kryza et al., 1990; Smulikowski, 
1995; Žáčková et al., 2010; Majka et al., 2016). Subsequent stages of development involved the exhumation of 



these high-pressure rocks, their widespread retrogression under greenschist facies conditions, and post-
metamorphic folding affecting the entire complex. Around 320–312 Ma, the regional evolution culminated in the 
intrusion of the Karkonosze plutonic complex into the Karkonosze-Izera Massif (Machowiak and Armstrong, 2007; 
Kryza et al., 2014; Mikulski et al., 2020). 

The Karkonosze granitoid body, extending ~70 km along an east–west axis, forms the structural core of 
the Karkonosze-Izera metamorphic complex. This intrusive massif acts as a geological boundary, dividing the 
surrounding metamorphic sequences into two distinct domains: the Izera Metamorphic Unit to the north (forming 
the granitoid’s northern cover) and the Karkonosze Metamorphic Unit to the east and south (Smulikowski, 1972). 
Recent studies involving lithostratigraphic, metamorphic and structural data suggest that subduction of distal and 
proximal parts of the Saxothuringian passive margin took place in high pressure conditions, with their subsequent 
exhumation during two distinct stages of Variscan age (Jeřábek et al., 2016). The Izera Unit is composed of two 
principal lithological assemblages. The dominant one, in terms of surface extent, includes pre-Variscan granitoids 
- chiefly Izera granites, gneisses, and transitional granite-gneisses. The second group encompasses a more 
heterogeneous suite of schists, primarily composed of quartz, micas and chlorite, occurring in various proportions. 
These schists are intercalated within the granitoid–gneiss complex as five relatively narrow, east–west-trending 
belts with the largest one named the Stara Kamienica schist belt (Fig. 1; Oberc, 1961; Michniewicz et al., 2006).  

The schist belts within the Izera Metamorphic Unit are generally interpreted as products of 
metamorphosed supracrustal rocks (Oberc, 1961; Oberc-Dziedzic, 1975) while the origin of the associated 
gneiss-granitoid complex has been the subject of three primary hypotheses. The first attributes its formation to the 
metamorphism and subsequent transformation of infracrustal material (Borkowska et al., 1980). The second 
posits a progressive granitization of supracrustal rocks, resulting in a transitional lithological spectrum from 
schists, through gneisses and granite-gneisses, to granitoid rocks (Oberc, 1961, 1972; Oberc-Dziedzic, 1975). A 
third, more integrative model suggests that both processes occurred concurrently, and that subsequent 
homogenization blurred the distinctions between originally different crustal levels (Kozłowska-Koch, 1965; 
Smulikowski, 1972; Kozłowski, 1974; Żaba, 1985; Oberc-Dziedzic, 1988; Mazur and Aleksandrowski, 2001). 

Based on various geological observations and structural relationships, the schist units of the 
Karkonosze-Izera Massif are inferred to be of Precambrian age (Michniewicz et al., 2006). Radiometric dating of 
the gneiss-granitoid complex using Rb-Sr, U-Pb, and Pb-Pb methods on zircons has yielded ages between 452 
and 501 Myr, placing their formation within the Late Cambrian to Late Ordovician (Borkowska et al., 1980; Oliver 
et al., 1993; Korytowski et al., 1993; Kröner et al., 1994). 

The Stara Kamienica schists are fine-grained rocks characterized by a granolepidoblastic texture and 
foliation. They are typically light grey to silvery grey in colour, commonly with a subtle greenish hue, and show 
prominent foliation and compositional lamination. Their mineralogical composition is dominated by muscovite and 
quartz, which are present across all lithological variants. Chlorite and biotite occur less commonly and may either 
co-exist or appear separately. Locally, the presence of chloritoid- and garnet-rich zones contributes significantly to 
the mineralogical diversity of these rocks. In addition to the main rock-forming minerals, a range of accessory 
phases has been identified, including albite, staurolite, gahnite, margarite, apatite, tourmaline, zircon, monazite, 
xenotime, ilmenite and others (Michniewicz et al., 2006, and references therein).  

The Stara Kamienica schist belt is host to well-known cassiterite-sulphide mineralisation (i.e. Harańczyk 
and Skiba, 1961; Kowalski et al., 1978; Wiszniewska, 1984; Bobiński, 1991; Michniewicz at al., 2006; Mikulski et 
al., 2018; Małek et al., 2019; Małek and Mikulski, 2024). Its origin remains a subject of ongoing debate and is 
possibly connected with the occurrence of REE-bearing minerals. Nowadays, there are four distinct genetic 
models, each supported by a separate body of evidence. The first model advocates a syngenetic, sedimentary 
origin for the cassiterite-sulphide mineralization, which was subsequently modified by metamorphic processes 
(e.g., Jaskólski, 1960, 1963; Szałamacha, 1967, 1976). A second hypothesis attributes the mineralization to pre-
metamorphic, hydrothermal activity associated with the early igneous evolution of the Izera gneiss complex, thus 
predating the Variscan orogeny (e.g., Harańczyk and Skiba, 1961; Siemiątkowski, 1986, 1988, 1989; 
Michniewicz, 1988; Bobiński, 1991; Cook and Dudek, 1994; Michniewicz et al., 2006). A third view supports a 
post-metamorphic, hydrothermal genesis, temporally and spatially linked to the emplacement of the Variscan 
Karkonosze granitoid intrusion (e.g., Jaskólski and Mochnacka, 1959; Kozłowski, 1974; Kowalski et al., 1978; 
Karwowski and Włodyka, 1981; Wiszniewska, 1983, 1984; Speczik and Wiszniewska, 1984; Berendsen et al., 
1987; Piestrzyński et al., 1992; Kucha and Mochnacka, 1998). Finally, a fourth, more integrative model has been 
proposed by Mikulski et al. (2007), based on studies of arsenic mineralization in Czarnów, – located in the eastern 
margin of the Karkonosze granite and composed of lithologically comparable schists hosting cassiterite–sulphide 
assemblages. This interpretation suggests a complex metasomatic–hydrothermal genesis, involving multiple 
intrusive and metamorphic stages of both pre-Variscan and Variscan age. 

Samples and methods  

The material came from a range of sources within the Stara Kamienica schist belt, including archival 
borehole cores, the historical St. Johannes and St. Leopold mine workings in Krobica, a mica schist quarry in 
Orłowice, and post-mining dumps in Gierczyn (Fig. 1, Mikulski et al., 2018). The sample selection was dictated by 
the presence of Sn enrichment, as the aim of the research was focused on ore mineralization. Back-scattered 
electron imaging (BSEI) and compositional analyses were conducted on carbon-coated thin-sections via electron 
probe microanalysis (EPMA) using a CAMECA SX-100 housed in the Micro-area Analyses Laboratory at the 
Polish Geological Institute – National Research Institute in Warsaw, Poland. Analytical conditions included an 
accelerating voltage of 15 kV, beam currents of 40 nA, a focused electron beam with a diameter of <1 μm, a peak 



counting time of 20 seconds, and a background counting time of 10 seconds. Additional analytical conditions are 
given in Appendix 2. 

Whole-rock chemical analyses were conducted at the Chemical Laboratory of the Polish Geological 
Institute – National Research Institute in Warsaw. The concentrations of REEs (Sc, Y, La, Ce, Pr, Nd, Eu, Sm, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) were determined following sample decomposition using a comprehensive 
acid mixture of HCl, HNO , HF, and HClO . Measurements were carried out using a Perkin Elmer ICP-MS Elan 
DRC II mass spectrometer (Perkin Elmer SCIEX Instruments, Waltham, MA, USA) employing inductively coupled 
plasma mass spectrometry (ICP-MS). 

Results

Allanite-(Ce) 

Allanite-(Ce) has been analysed in samples from archival cores drilled in different parts of the Stara 
Kamienica schist belt: the westernmost part (the Czerniawa-Zdrój area—C-X/46 borehole); the middle part (the 
Krobica area—K-II/3 borehole) and the middle to eastern part (Gierczyn—the G-I/13 and G-III/17 boreholes, Fig. 
1). The samples analysed were lithologically muscovite-biotite-chlorite-quartz schist with variable proportions of 
the component minerals. Some contained accessory garnets (almandine). Allanite-(Ce) occurs sporadically in the 
samples investigated, being typically found as hypautomorphic to xenomorphic, strongly fractured grains with 
rounded edges, up to 100 μm across, most frequently enclosed within chlorite aggregates. Occasionally, larger 
grains reaching 200 μm were observed (Fig. 2). Allanite-(Ce) also tends to form disseminated impregnations 
within mica-rich laminae of the schists and, in rare cases, intergrowths with ore minerals, most notably pyrrhotite, 
cassiterite and ilmenite. Basic statistical parameters of REE concentrations in allanite-(Ce) are provided in Table 
1, while the complete analytical dataset is available in Appendix 1A. The highest mean content of total REE+Y 
(oxides) are shown by allanite-(Ce) from the middle and middle-to-eastern parts of the Stara Kamienica schist belt 
– 21.47 wt.% (Gierczyn) and 20.15 wt.% (Krobica), being slightly lower in the westernmost part (Czerniawa-Zdrój) 
with 14.78 wt.% (Tab. 2).  

Plotting the data obtained on an epidote group mineral classification diagram (Fig. 3, after Petrik et al., 
1995) shows variable compositions of the minerals studied from the Stara Kamienica schist belt. Allanite is a 
member of REE-rich epidote-group minerals and is a common accessory phase in igneous, metamorphic, 
metasomatic and sedimentary rocks. The epidote-group structural formula is  A2M3Si3O12(OH), in which A = Ca, 
Sr, Pb2+, Mn2+, Th, REE3+, and U, and M = Al, Fe3+, Fe2+, Mn3+, Mn2+, Mg, Cr3+, and V3+ (Deer et al., 1986). REE 
are present in most epidote group minerals, but in allanite the REE are essential structural constituents. In the 
minerals analysed from the Stara Kamienica schists most of the WDS spots (27 out of 40) are characterised by 
REE+Th >0.5 atoms per formula unit which can be considered as allanites (Table 2; Appendix 1B; Gieré and 
Sorensen, 2004). Some of the REE-rich epidote group minerals studied have total REE+Th less than 0.5 apfu 
because of an elevated content of substitutions such as Ca2+, Mn2+, Fe3+, Fe2+ or Al (Table 2; Appendix 1B). 

Monazite-(Ce) 

Monazite-(Ce) has been analysed in only two samples, one from archival borehole core in the Gierczyn 
area (G-VI/22) and one from the St. Leopold abandoned mine, both situated in the middle part of the Stara 
Kamienica schist belt. The samples analysed were lithologically muscovite-biotite-chlorite-quartz schist with 
different proportions of these minerals. Monazite-(Ce) is notably less abundant in the samples analysed samples 
compared to allanite-(Ce) and REE-bearing fluorocarbonates. It typically occurs as automorphic or 
hypautomorphic grains up to 100 μm in diameter, commonly hosted within mica-rich laminae. In some cases, 
larger xenomorphic grains exceeding 100 μm were observed (Fig. 4). Occasionally, monazite-(Ce) appears as 
inclusions within garnet or intergrown with ilmenite. Backscattered electron imaging reveals a generally 
homogeneous internal structure of the monazite-(Ce) grains (Fig. 5D). Basic statistical parameters of REE 
concentrations in the analysed monazite-(Ce) compositions are summarized in Table 3, while detailed analytical 
results are provided in Appendix 1C. A notable compositional difference is observed between 
automorphic/hypautomorphic and xenomorphic grains, primarily in their thorium contents: automorphic and 
hypautomorphic grains contain ~7–16 wt.% ThO2, whereas xenomorphic grains typically contain <5 wt.% ThO2. 
Monazite-(Ce) chemistry, depicting in Table 4 (Appendix 1D) and plots on Fig. 5, shows significant differences in 
its chemical composition when comparing both areas sampled. The ones from the St. Leopold abandoned mine 
contain slightly higher REE+Y with simultaneous lower amounts of Th and U compared to the G-VI/22 borehole 
samples. In addition, higher amounts of REE+Y correlates with higher amounts of Si+Ca in monazite-(Ce) from 
the St. Leopold mine. Figure 5D shows cheralite (Ca(Th,U)(Y,REE)-2) and huttonite (Si(Th,U)REE-1P-1) 
substitution in monazite-(Ce) indicating that most of the monazite-(Ce) grains studied from the St. Leopold mine 
have strong cheralite replacement involving Th⁴  + Ca²  for 2REE³  (Harlov et al., 2008). All results from the 
Gierczyn area borehole and three monazite-(Ce) grains from the St. Leopold mine in Krobica are situated within 
the monazite chemical composition range.  



Xenotime-(Y) 

Xenotime-(Y) was identified in samples from the central part of the Stara Kamienica schist belt, in the 
Krobica area (K-II/3 borehole). The samples analysed were lithologically muscovite-chlorite-biotite schists with 
cassiterite – sulphide mineralization. Xenotime-(Y) occurs sporadically as xenomorphic grains, commonly 
intergrown with other REE-bearing minerals and native bismuth. Backscattered electron imaging frequently 
reveals zoned and irregular patches of internal structures within the xenotime-(Y) grains (Fig. 6). The full 
composition of the xenotime-(Y) is provided in Appendix 1E. Among the trace elements, notable enrichments 
were observed in middle (MREE: Sm, Eu, Gd) and heavy rare earth elements (HREE: Tb - Lu; Table 5). Elevated 
contents of Fe (FeO average: 1.23 wt.%; Fe2O3 average: 1.37 wt.%) and UO2 (1.00 wt.%) were also detected as 
common trace elements in the xenotime-(Y). In grains showing zoned internal structure, compositional variations 
were recorded between the cores and rims: cores are characterized by higher yttrium and lower REE contents, 
whereas the outer rims show reduced Y concentrations accompanied by enrichments in certain REEs, particularly 
Gd, Tb and Dy (Figs. 6A, 8; Table 6, Appendix 1F). Mineral chemistry plots of xenotime-(Y) grains analysed (Fig. 
7) shows variety in their composition. Some grains are characterized by a higher Y content at the expense of 
REE, and total U+Th is relatively low. The chemical composition of the xenotime-(Y) is generally constant, but 
there are some substitutions of coffinite [U(SiO4)(OH)4] because of higher Si content in most grains studied (Fig. 
7C) and there is no clear cheralite [CaTh(PO4)2] substitution in the xenotime-(Y) studied due to low Ca content 
(Fig. 7D).  

REE fluorocarbonates 

REE fluorocarbonates are relatively common in the samples analysed from the Stara Kamienica schist 
belt. They have been identified in several samples from archival boreholes in the Gierczyn area (G-III/17, G-I/13), 
Krobica (K-II/3) and the westernmost location, in the Czerniawa-Zdrój area (C-X/46). The samples analysed were 
lithologically muscovite-biotite-chlorite-quartz schist with different proportions of these minerals. REE-bearing 
fluorocarbonates typically occur as xenomorphic grains, most frequently intergrown with apatite and allanite-(Ce), 
ilmenite and rutile. Additionally, small isolated grains, up to ~50 µm in diameter, are dispersed within the schist 
matrix (Fig. 9). A total of 32 spot WDS analyses were conducted to determine their chemical composition. The 
mineral names of the REE-fluorocarbonate group are defined by their most common REE and by the relation of 
calcium to the REE with bastnäsite and synchisite as endmembers (Meng et al., 2002). The absence of carbon 
detection in the analytical setup (due to carbon coating of the thin sections) prevented precise identification of 
specific mineral phases, but plotting Ca and REE data on classification diagrams point to bastnäsite-(Ce) 
[Ce(CO3)F] (Figs. 10, 11). Based on chemical data published by Meng et al. (2002) the ratio of Ca and most 
common REE <0.5 corresponds to bastnäsite. The highest content among REE in the fluorocarbonates studied 
from the Stara Kamienica schists is Ce (Ce2O3 in a range between 21.29–30.83 wt.%). Elevated Ca contents in 
several fluorocarbonates (CaO up to 10.97 wt.%) suggest comparison with parisite-(Ce) [Ca(Ce,La)2(CO3)3F2] 
(e.g., Manfredi et al., 2013; Fig. 12) but this is still unconfirmed. Basic statistical parameters of REE 
concentrations measured in these minerals are summarized in Table 8, with the complete analytical dataset 
provided in Appendix 1G. Average total REE+Y oxide contents in the fluorocarbonate grains studied range from 
46.98 to 72.54 wt.%. The graphs on Fig. 12 shows the variation of the main REE elements (Ce and La) in relation 
to Ca and F from the samples of different Stara Kamienica schist belt regions. The data plotted does not indicate 
clear dependencies; only the highest content in fluorocarbonates from the Krobica area can be noted. 

Plumbogummite 

Plumbogummite containing REE admixtures was identified in a sample collected from the historic St. 
Leopold adit that was a chlorite-quartz schist with accessory garnet. The mineral occurs as small grains partially 
filling a fracture within garnet–almandine (Fig. 13). Two spot analyses of the plumbogummite were made, and the 
results are given in Appendix 1H. The measured concentrations of major elements were as follows: PbO – 32.36 
and 29.39 wt.%, Al2O3 – 26.00 and 25.83 wt.%, and P2O5 – 22.02 and 19.99 wt.%. Among trace elements, 
notable concentrations of REEs were recorded, including La2O3 (1.02–1.67 wt.%), Ce2O3 (1.85–3.01 wt.%), Pr2O3
(<0.22–0.26 wt.%), Nd2O3 (0.72–1.16 wt.%), Dy2O3 (<0.11–0.12 wt.%), as well as Y2O3 (0.13 – 0.14 wt.%). The 
results obtained were plotted on a ternary classification plot (Fig. 14) for the most common members of the 
plumbogummite group and compared to minerals identified by Kruszewski and Dec (2018) from Podłazie Hill 
(Holy Cross Mountains, Poland). Because of the high PbO content, the results clearly point to plumbogummite. 

Whole-rock analysis 

Among the rare earth elements analysed using the ICP-MS method, the highest concentrations were 
recorded for Ce (1.90–114.2 ppm, n=64, Appendix 1I), Y (1.40–95.60 ppm, n=64), La (1.20–56.80 ppm, n=64), Sc 
(3.80–50.0 ppm, n=64),  Nd (0.80–49.70 ppm, n=64), Dy (0.15–19.76 ppm, n=64), Pr (0.70–13.20, n=64) and Er 
(0.09–10.11 ppm, n=64), The maximum contents of other REEs are all below 10 ppm (n=64).  



The REE results were normalized to chondrite (McDonough and Sun, 1995), European shales (Bau et 
al., 2018) and PAAS (Post-Archean average Australian sedimentary rock; McLennan, 1989; Fig. 15). The 
diagrams clearly indicate an enrichment in LREE (La-Sm) relative to HREE (Eu-Lu), as well as a general 
enrichment in REE concentrations in samples from the Stara Kamienica schist belt compared to chondrite 
(ranging from several times up to several hundred times). A few samples deviate from the general REE trend, 
likely because these samples represent boudins or quartz veins with sulphides, in which REE-bearing minerals 
are scarce: the samples with the lowest total REE content (Appendix 1I). The results have been divided into two 
graphs: that on Fig. 15A includes samples that show a negative europium anomaly when normalized to chondrite, 
while the graph on Fig. 15B includes those with a positive Eu anomaly. Additionally, most samples exhibit a slight 
enrichment in Y. 

The vast majority of the results show depleted concentrations of rare earth elements relative to the 
European Shale Standard, with only a few samples showing slight enrichment. A somewhat more pronounced 
enrichment in REE is observed in relation to PAAS; however, most values still remain lower. In both diagrams 
(Fig. 15C, D), most samples display a positive europium anomaly. As with chondrite normalization, a few samples 
deviate from the general REE concentration trend. 

Interpretation and discussion 

REE-bearing minerals 

Detailed micro-area studies (EPMA) of the mineral occurrences and chemical compositions enabled the 
identification of REE-bearing mineral phases from the Stara Kamienica schist belt. These include allanite-(Ce) (a 
carrier primarily of LREE), monazite-(Ce) (mainly LREE), REE fluorocarbonates (LREE), plumbogummite 
(LREE/MREE), and xenotime-(Y): the only identified carrier of MREE/HREE. Analysis of the chemical composition 
of REE-bearing minerals (except xenotime-(Y)) from the Stara Kamienica schist belt were first performed and 
partly mentioned previously by Mikulski et al. (2018, 2021), Małek and Mikulski (2019, 2024), Mikulski and Małek 
(2019), Małek et al. (2019). In addition, allanite-(Ce), REE fluorocarbonates, and plumbogummite were identified 
for the first time in the Stara Kamienica range as carriers of rare earth elements. 

The first chemical composition analyses of xenotime-(Y) from the schists of the Stara Kamienica were 
conducted by Bobiński et al. (2004), who identified a zoned structure in these minerals, and consequently, 
variations in their chemical composition resulting from the substitution of various REE elements (mostly HREE) for 
yttrium. The xenotime-(Y) composition data described by Bobiński et al. (2004) and later by Michniewicz et al. 
(2006) correspond well with the results obtained in this study; in both cases, enrichments in Dy, Gd, Er, Yb, and 
occasionally U were observed as well as differences in chemical composition of the internal structure zones (Fig. 
6A; Tab. 6). Microscopic studies and in situ chemical mapping of xenotime-(Y) in various geological contexts 
consistently revealed well-developed chemical zoning – including oscillatory and concentric patterns – attributable 
to the progressive crystallization and fractionation of REE subgroups (LREE, MREE, HREE) during growth. In 
particular, HREE-enriched rims that contrasted with LREE-rich or Y-rich cores have been documented. In 
addition, several studies report that zonation may arise during metamorphic and metasomatic evolution, or in 
hydrothermal settings (e.g. Repina, 2010; Repina and Muftakhov, 2021). Based on the xenotime-(Y) grain shape 
and its internal structures and chemical composition it can be concluded that this mineral phase was formed in the 
schists and were then cataclased during later deformation. However, the U content versus U/Th ratio diagram for 
xenotime-(Y) formation environments (McNaughton and Rasmussen, 2018) shows that xenotime-(Y) from the 
Stara Kamienica schist belt (blue dots) plots within the diagenetic field (Fig. 16). Due to the low Th content in the 
xenotime-(Y) studied (<170 ppm, with an average of 60 ppm), the U/Th ratio ranges between 10 and 1000, 
whereas xenotime-(Y) of hydrothermal origin is typically characterized by lower U/Th ratios (0.1–10). 
Nevertheless, in detrital grains found in metasedimentary rocks — particularly those affected by complex 
geological overprints, such as the Stara Kamienica schist belt — the primary formation environment is commonly 
obscure (Rasmussen, 1996; McNaughton and Rasmussen, 2018). Originally detrital xenotime-(Y) from the 
sedimentary protolith of the schists may have been altered during regional metamorphism. Additionally, a coffinite 
substitution in xenotime-(Ce) (Fig. 7C) may also point to metamorphic alternation of primary detrital xenotime-(Ce) 
because of Si-U incorporation during the dissolution–reprecipitation mechanism of regional metamorphism 
conditions (Hetherington and Harlov, 2008; Švecová et al., 2016; Harlov, 2024). It can be concluded that 
xenotime-(Y) growth therefore occurred before the regional metamorphism of the rocks - it is of pre-metamorphic 
origin. 

The chemical composition of monazite-(Ce) from the Stara Kamienica schist belt has not been studied 
previously. According to Michniewicz et al. (2006), monazite in this area occurs both as a detrital and 
metamorphic mineral. It is a common accessory phase in igneous, metamorphic, and sedimentary rocks, and its 
composition can serve as an empirical tool for distinguishing between crystallization environments (Liu et al., 
2022). Trace element data from monazite-(Ce) samples collected in the Stara Kamienica schist belt were plotted 
on origin-discrimination diagrams provided by various authors (Fig. 17; Aleinikoff et al., 2012, 2023; Wu et al., 
2019; Liu et al., 2022). Most of the data fall within well-defined fields corresponding to specific origins, although a 
few points deviate from these general trends. In diagrams A and B (Fig. 17), most results (blue dots) indicate an 
igneous or metamorphic origin, with a few also falling within the hydrothermal field. Data plotted on diagrams C 
and D suggest a predominantly igneous origin, but also include points within the meta-igneous and 
metasedimentary fields. These results suggest that monazite-(Ce) grains from the Stara Kamienica schist belt are 



of mixed provenance. Monazite is well known for its resistance to weathering, as indicated by its widespread 
occurrence as a detrital mineral in sands and sandstones, allowing it to record a long and complex geological 
history (Tuduri et al., 2023). Some of the grains studied may originate from weathered nearby igneous rocks, such 
as the granitic protoliths of the Izera Metamorphic Unit. Additionally, some monazite-(Ce) grains may have formed 
during one or more metamorphic or hydrothermal events associated with the region's complex geological 
evolution. The monazite-(Ce) grains studied from the St. Leopold mine and G-VI/22 borehole are characterized by 
different ThO2 and CaO contents. This may be ascribed to hydrothermal alteration of primary monazite as the 
reaction of a metamorphic fluid phase that delivered Ca and Th to the monazite (Finger et al., 1998; Budzyń et al., 
2010). Žáčková (2010) described monazite grains from the Czech part of the Izera-Kowary Unit, which is relevant 
to the northern part of the massif (Jeřábek et al. 2016), as of two generations: thorium rich (~7–11 wt.% ThO2); 
and with lower Th content (<5 wt.% ThO2) being inclusions in garnets. The laser ablation (LA-ICP-MS) and EPMA 
dating of high-Th monazites indicates an age of 330 ±10 Myr which is interpreted as representing the high-
pressure metamorphism at least in part of the Karkonosze–Izera Complex. Dating of low-Th monazite was 
burdened with high uncertainty due to the low radiogenic Pb contents and surplus Si + Ca relative to Th + U, 
which may indicate impurities or alteration. Elevated Ca contents in some monazite-(Ce) grains have been also 
recorded in this study as possibly representing cheralite substitution (Fig. 5D). EPMA U-Th-total Pb dating of 
hydrothermal uraninite associated both with ore minerals and REE-bearing minerals from the same samples as 
data in this work indicates similar ages (301.6 ±7 Myr, 348.6 ±12.5 Myr, and 362 ±8 Myr; Małek and Mikulski, 
2024) to those of Zygo et al. (2023) who provided LA-ICP-MS dates of cassiterite from the Gierczyn-Przecznica 
area of 353 ±14, 360 ±5 and 318 ±6 Myr. These ages may suggest genetic connection between the cassiterite, 
uraninite and monazite (330 ±10 Myr; Žáčková, 2010), as possible different stages of regional metamorphism 
together with hydrothermal activity of late-stage Karkonosze granite emplacement and cooling. 

Allanite is a member of the epidote group, and its structure can accommodate large quantities of many 
chemical elements, including REE, mainly depending on the system composition rather than on the P-T 
conditions. This mineral testifies to the diversity of mineral formation environments, as well as to secondary 
processes such as metamictization and hydrothermal alteration (Gieré and Sorensen, 2004). Allanite (epidote) 
group solid solutions are well known within many igneous, metamorphic and sedimentary rocks, and they can 
also be an important repository of Th and U (Mellado et al., 2022). Allanite grains can serve as recorders of 
continuous or discontinuous prograde and retrograde reactions and of the P-T-fluid-redox conditions of 
metamorphism. The transformation of allanite to monazite during low-to-medium-grade metamorphism is 
relatively well known (Engi, 2017). Allanite commonly forms as a result of detrital, magmatic or metamorphic 
monazite alteration close to the biotite-in reaction. In contrast, allanite, at the transition between the chlorite and 
biotite zones, is consumed to form monazite during the staurolite-in reaction, at the transition between the garnet 
and the staurolite–kyanite zones. Thermodynamic modelling of the schists shows that the first metamorphic 
allanite appears at ~425°C and 4.5 kbar, and transforms to monazite at ~600°C and 7.5 kbar under specific 
conditions of allanite-monazite-xenotime phase relations during prograde metamorphism (Jantos et al., 2008; 
Goswami-Banerjee and Robyr, 2015). The paragenesis allanite+apatite takes place during retrograde 
metamorphism at the expense of monazite via fluid-assisted dissolution-precipitation processes at greenschist 
facies, commonly related to shear zones (Cenki-Tok et al., 2014; Mellado et al., 2022). In natural systems, under 
hydrothermal conditions, the replacement of allanite by numerous secondary phases, such as bastnäsite, 
synchysite, thorite, and monazite, has been previously reported (Gieré and Sorensen, 2004; Berger et al., 2008; 
Hanson et al., 2012; Uher et al., 2015; Gros et al., 2020; Gmochowska et al., 2024). The allanite-(Ce) grains of 
the Stara Kamienica schists studied show a variety of occurrence forms and of chemical compositions as their 
origin can be inferred as metamorphic, hydrothermal or even detrital. A total REE+Th+Mn+Sr vs. Al diagram 
shown in Figure 3 is contoured with Fe oxidation isolines. In general, igneous allanites have Fox ratios buffered at 
~0.4, vein allanites are variably oxidised, and metamorphic allanites are both oxidised and reduced (Petrik at al., 
1995). Most of the allanite-(Ce) results from the Stara Kamienica schists shown on the diagram are centred 
around the 0.4 oxidation isoline, while results from the C-X/46 borehole (Czerniawa-Zdrój area) are clearly more 
oxidised with simultaneous REE escape, which may indicate the activity of hydrothermal solutions. 
Thermodynamic modelling of allanite precipitation in schists (~425°C and 4.5 kbar, Goswami-Banerjee and Robyr, 
2015) is consistent with the metamorphism determinations of the Stara Kamienica schists made by other authors, 
e.g. Kozłowski (1974) together with Szałamacha and Szałamacha (1974) constrains metamorphism conditions to 
approximately 500-550oC and 6 ±1 kbar based on almandine and hornblenda occurrence in amphibolites within 
the schists based on facies comparison (after Eskola, 1920) and degrees of metamorphism according to Winkler 
(1967). Makała (1994) points to a metamorphism temperature of up to 450-616oC with pressures of 2-4 kbar 
based on biotite-garnet mineral pair observations. In turn, Marcinowska and Kozłowski (1997) set the 
metamorphism temperature to 470-600oC with 3-5 kbar pressure through studying fluid inclusions in rock-forming 
minerals of the Stara Kamienica schists. Michniewicz et al. (2006) determined metamorphism conditions of 470-
550oC and 1.5-3.8 kbar based on the margarite stability range and other geological indications such as the 
absence of kyanite and sillimanite, the existence of parageneses containing muscovite, quartz and staurolite, the 
contents of spessartine and pyrope particles in the schist garnets and the composition of the chloritoid. The 
presence of possibly metamorphic allanite-(Ce) with specified precipitation conditions (~425°C and 4.5 kbar) may 
corroborate the deductions noted of the Stara Kamienica schists metamorphism conditions, but detailed 
observations focused on more allanite grains and geochemical data are still required. 

The occurrence of REE fluorocarbonates and plumbogummite in the Stara Kamienica schists remains 
insufficiently recognized. The principal REE (Ln) fluorocarbonate minerals from an economic standpoint are 



bastnäsite [Ln(CO3)F], parasite [Ln2Ca(CO3)3F2] and synchysite [LnCa(CO3)2F], but this group contains many 
more mineral phases (Williams-Jones and Wood, 1992). Because of the absence of carbon from the analytical 
results (due to the carbon coating of the thin sections), the precise identification is uncertain, but plotting EMPA 
data on classification diagrams points to bastnäsite-(Ce) (Figs. 10 and 11). There are  well-known occurrences of 
REE fluorocarbonates hosted by carbonatites (e.g., Mountain Pass, California; Olson et al.,1954), in sedimentary 
successions (e.g., Bayan Obo, China; Chao et al., 1989), in some peralkaline granites and syenites (e.g., Thor 
Lake, Canada; Trueman et at., 1988) as well as in many hydrothermal systems (mostly epithermal) for example in 
Muso, Columbia (Ottaway et al., 1994) and Schwarzwald, Germany (von Gehlen et al., 1986). REE 
fluorocarbonates commonly occur in the Stara Kamienica schists and the evidence points to its hydrothermal 
origin.  

Plumbogummite is a member of the mineral group that comprises phosphate representatives of the 
alunite supergroup. Minerals of this group are commonly found in weathering zones of Pb ore deposits as 
moderately rare secondary minerals and occur especially within carbonatites and various sedimentary rocks as 
well as those of hydrothermal origin (Kruszewski and Dec, 2018). Environmental studies indicate that they may 
crystallize from acidic mine waters thus immobilizing some toxic metals (Bigham and Nordstrom, 2000; Kolitsch 
and Pring, 2001; Dzikowski et al., 2006). Plumbogummite minerals show elevated amounts of trace elements 
such as Ni, Tl, Cr, Cu, V, Ag, Zr, and Ti as well as REEs (e.g., Bayliss et al., 2010). Plumbogummite has been 
found in only one sample from the St. Leopold adit in Krobica. Its presence in this historic mining site is consistent 
with environmental data indicating that it may crystallize from acidic mine waters. At this stage, the small amount 
of plumbogummite data precludes more detailed conclusions and further studies are required.  

Whole-rock analysis 

A slight enrichment in Ce (71.7 vs. 68 ppm) and La (40.7 vs. 32 ppm) is observed in the Stara Kamienica 
schist samples compared to the average concentrations reported for continental crust (Barbalace, 2019). The 
remaining rare earth elements (REE) show a general depletion relative to the continental crust average. As 
regards total REE content relative to the sampling area, the highest value (329.75 ppm) was obtained for the 
Krobica region (middle part of the Stara Kamienica schist belt). Slightly lower values were obtained for Przecznica 
(308.03 ppm), the Gierczyn area (299.18 ppm, middle to eastern part of the Stara Kamienica schist belt). 
Czerniawa-Zdrój, the westernmost part of the Polish part of the Stara Kamienica belt, is characterized by 255.27 
ppm of total REE.  

REE concentration patterns for samples from the Stara Kamienica schist belt, normalized to chondrite 
values (McDonough and Sun, 1995), reveal a marked enrichment in light rare earth elements (LREE) relative to 
heavy rare earth elements (HREE), as well as an overall increase in total REE contents, reaching up to several 
hundred times chondritic values. Both negative and positive europium (Eu) anomalies are present. In contrast, 
REE distribution diagrams normalized to European shales (Bau et al., 2018) and to PAAS (McLennan, 1989) 
indicate a generally flat curve and overall REE depletion relative to these reference compositions, with only a few 
samples showing minor enrichment. The REE distribution of the Stara Kamienica samples reflects REE 
proportions similar to that of medium shale (medium continental crust) with no significant REE fractionation. As a 
sedimentary-volcanic protolith of the shales can be assumed, that detrital material comes from a typical 
continental source, without strong sorting effects or selective transport of elements. The sample selection was 
focused on ore mineralization. Even though REE mineralization can be, at least partly, genetically connected with 
the same mineralisation processes as ore minerals, the distribution of REE-bearing minerals within the Stara 
Kamienica schists is still unconstrained. The presence of REE concentration zones within the Stara Kamienica 
schists cannot be excluded as regards further mineral exploration. 

Most samples display a distinct positive Eu anomaly. Such REE enrichment or depletion is generally 
attributed to the preferential partitioning of Eu into plagioclase. Under stable magma crystallization conditions, Eu 
is largely incorporated into plagioclase, resulting in a relative enrichment of Eu compared to other REEs in this 
mineral (positive Eu anomaly). The residual magma consequently becomes depleted in Eu. If this Eu-depleted 
melt is separated from crystallized plagioclase, its chemical composition reflects a negative Eu anomaly. 
Conversely, if magma accumulates crystallized plagioclase, a positive Eu anomaly develops in its composition 
(Weill and Drake, 1973; Bau, 1991). In the case of the Stara Kamienica schists, as a feldspar-poor 
metasedimentary rock, the Eu anomaly is not clearly interpretable. The absence of significant feldspar means that 
the typical process of Eu enrichment via feldspar crystallization is limited. Additionally, positive Eu anomalies may 
also indicate the Iocal influence of hydrothermal fluids (Bau et al., 2014; Michard and Albarède, 1986). 

Conclusions 

Micro-scale observations combined with WDS chemical composition analyses (EPMA) of REE-bearing 
minerals, along with whole-rock trace element determinations using the ICP-MS method, on samples from the 
Stara Kamienica schist belt have led to the following conclusions: 
- Multiple REE carriers have been identified: allanite-(Ce), monazite-(Ce), REE fluorocarbonates, 
plumbogummite, and xenotime-(Y) were found to be the main REE-bearing mineral phases in the Stara 
Kamienica schist belt, with allanite-(Ce), fluorocarbonates and plumbogummite documented for the first time in 
this area. 
- The highest REE content in whole-rock samples was obtained for the Krobica region (middle part of the 
Stara Kamienica schist belt). 



- Ambiguous formation environment of xenotime-(Y): both this study and previous research (Bobiński 
et al., 2004; Michniewicz et al., 2006) reveal pronounced chemical zoning in xenotime-(Y), indicating complex 
crystallization histories and fractionation of REE subgroups during mineral growth. Xenotime-(Y) grain 
morphology and internal structures suggest a pre-metamorphic, likely detrital and/or hydrothermal origin, altered 
during regional metamorphism. However, U/Th ratios plot mostly within the diagenetic field, making the primary 
formation environment uncertain.
- Complex provenance of monazite: monazite-(Ce) grains in the Stara Kamienica schist belt show 
evidence of both detrital and metamorphic origins, with trace element signatures indicating predominantly igneous 
and metamorphic sources, and minor hydrothermal contributions.
- Whole-rock geochemistry: the Stara Kamienica schist samples are slightly enriched in Ce and La 
compared to the average continental crust but generally depleted in other REEs. Their REE normalization to 
chondrite patterns shows LREE enrichment over HREE, and variable Eu anomalies the interpretation of which in 
feldspar-poor rocks is unclear but can point to hydrothermal activity.
- Numerous REE-carrying minerals were identified, but the spatial distribution of REE concentration within 
the Stara Kamienica mineralized area is still poorly constrained. REE-bearing minerals are concentrated within 
mica layers of the schists together with ore minerals. Because of the possible genetic connection of at least part 
of the REE-bearing minerals with Sn-polymetallic mineralization (regional metamorphism and hydrothermal 
activity) the presence of REE-enriched horizons is possible. 
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Fig. 1A - Location of the Stara Kamienica schist belt hosting stratiform cassiterite-sulphide mineralisation (NE 
Bohemian Massif, SW Poland) with sampling points marked (B).  
IKU - Izera-Kowary Unit, SKU - South Karkonosze Unit, LU -Leszczyniec Unit, JU - Ještěd Unit (modified after Ilnicki, 
2010 and Michniewicz et al., 2006) 



Fig. 2A – hypautomorphic allanite-(Ce) (Aln-Ce) grains with overgrown REE-bearing fluorocarbonates (Fc-Ree) within a 
muscovite (Ms)-chlorite (Chl)-biotite (Bt)-quartz (Qz) schist, with accessory apatite (Ap) and ilmenite (Ilm); Krobica K-
II/3 borehole, BSEI (back-scattered electron image). B – isolated, fractured allanite-(Ce) grain hosted within a chlorite 
lamina, containing inclusions of native bismuth (Bi); Czerniawa C-X/46 borehole, BSEI. C and D – xenomorphic allanite-
(Ce) grains occurring within a chlorite lamina, in close association with pyrrhotite (Pyh) and ilmenite (Ilm); Gierczyn G-
I/13 borehole, BSEI. Mineral abbreviations after Warr (2021). 



Fig. 3. Compositional plot of total REE+Y+Th+Mn+Sr versus Al contoured with isolines of the ratio FOX = Fe3+ / (Fe3+ + 
Fe2+) illustrating substitution: allanite-epidote, ferriallanite-epidote and ferriallanite-allanite (after Petrik et al., 1995) 



Fig. 4A – xenomorphic monazite-(Ce) (Mnz-Ce) grain; St. Leopold adit in Krobica BSEI. 
B and C – isolated, automorphic / hypautomorphic monazite-(Ce) grains hosted within a chlorite (Chl) – biotite (Bt) 
lamina, containing accessory ilmenite (Ilm); Gierczyn G-VI/22 borehole, BSEI. 
D – xenomorphic monazite-(Ce); Krobica K-II/3 borehole, BSEI. 

Fig. 5. Monazite-(Ce) mineral chemistry plots: A - Th+U versus Si+Ca; B - HREE+Y versus Th+U; C - Ce versus Y 
depicting the total pure xenotime-(Y) component in the monazites; D - (Si+Th+U) vs. (P+Y+LREE) in atoms per formula 
unit (apfu) for monazite-(Ce) depicting cheralite (Ca(Th,U)(Y,REE)-2) and huttonite (Si(Th,U)REE-1P-1) substitution in 



monazite-(Ce) (after Burda et al., 2020; Harlov et al., 2008). Blue dots – monazite-(Ce) results from St. Leopold mine 
samples; orange dots – samples from the G-VI/22 borehole (Gierczyn area).  

Fig. 6A – hypautomorphic xenotime-(Y) (Xtm-Y) grain with zonal internal structure, red points correspond to analytical 
WDS points of Table 7; Krobica K-II/3 borehole, BSEI. B - xenotime-(Y) grains with overgrown uraninite (Urn) in chlorite 
(Chl) lamina in the vicinity of cassiterite (Cst), Krobica K-II/3 borehole, BSEI. C – xenomorphic xenotime-(Y) grains with 
spotted internal structure; Gierczyn G-I/13 borehole, BSEI. D – xenotime-(Y) growth with native bismuth (Bi) in chlorite-
quartz (Qz) lamina, in the vicinity of REE carrier minerals – allanite-(Ce) (Aln-Ce) and REE fluorocarbonates (Fc- Ree), 
Czerniawa C-X/46 borehole, BSEI. 



Fig. 7. Xenotime-(Y) mineral chemistry plots: A – Σ REE versus Y; B - Σ REE versus U+Th; C - Si versus U+Th, a 
coffinite [U(SiO4)(OH)4] substitution; D – Ca versus U+Th, a cheralite [CaTh(PO4)2] substitution (after Švecová et al., 
2016; Broska and Petrik, 2008).

Fig. 8. REE versus Y diagram of the chemical composition of zonal xenotime-(Y) from Fig. 6A.



Fig. 9A – intergrowth of REE fluorocarbonate (Fc-Ree) with rutile (Rt) fracture in chlorite (Chl)–quartz (Qz) schist, 
Czerniawa C-X/46 borehole, BSEI; B – growth of REE fluorocarbonate with allanite-(Ce) (Aln-Ce) and ilmenite (Ilm) in 
chlorite–quartz schist, Czerniawa C-X/46 borehole, BSEI; C – isolated REE fluorocarbonate grain adjacent to apatite 
(Ap) in chlorite-quartz schist, Krobica K-II/3 borehole, BSEI. D – REE fluorocarbonates as growths with ilmenite and as 
an isolated grain adjacent to pyrrhotite (Pyh) in chlorite–quartz schist, Gierczyn G-I/13 borehole, BSEI. 

Fig. 10. Most common REE (Ce; %) versus Ca/REE ratio classification plot for REE fluorocarbonates (after Niegisch et 
al., 2020; Meng et al., 2002). 



Fig. 11. Ternary plot of REE-fluorocarbonate chemical composition with data from the Stara Kamienica schist belt 
marked. 

Fig. 12. Ca versus Ce and F versus La compositional plots of REE fluorocarbonates from the Stara Kamienica schist 
belt.  Blue dots – Czerniawa-Zdrój results (C-X/46 borehole), yellow dots – Krobica results (K-II/3 borehole), green and 
orange dots - Gierczyn results (G-III/17 and G-I/13 boreholes respectively). 



Fig. 13. Xenomorphic plumbogummite (Pbg) grains as fracture fillings in almandine (Alm); ilmenite (Ilm), K-feldspar 
(Kfs) and monazite-(Ce) (Mnz-Ce) as inclusions in almandine, St. Leopold adit, BSEI. 

Fig. 14. Compositional ternary plot of plumbogummite group minerals in the alkaline metal-REE-Pb system. Blue 
triangles – data from this study, green squares – results of Kruszewski and Dec, 2018 (wt.%). 



Fig. 15. A - REE results normalized to chondrite (McDonough and Sun, 1995) with a negative europium anomaly; B - 
REE results normalized to chondrite (McDonough and Sun, 1995) with a positive europium anomaly; C - REE results 
normalized to European shales (Bau et al., 2018); D - REE results normalized to PAAS (McLennan, 1989) Lines 
explained in Appendix 1I. 

Fig. 16. U vs. U/Th diagram for xenotime showing fields for igneous (black), metamorphic (green), diagenetic (red), 
hydrothermal and metasomatic (blue) and unconformity-related U-deposits (brown; after McNaughton and Rasmussen, 
2018). 



Fig. 17A and B - Monazite-(Ce) origin discrimination charts (modified after Wu et al., 2019; Liu et al., 2022); 
C and D - Binary plots of monazite-(Ce) trace element data. Red, green, blue and grey fields from Aleinikoff et al., 2012, 
2023. 

T a b l e 1 

Statistics of REE contents in allanite-(Ce) from the Stara Kamienica schists (wt.%, n – statistical group)

allanite-(Ce) 
(n=40) La2O3 Ce2O3 Pr2O3 Nd2O3 Sm2O3 Gd2O3 Dy2O3 SrO Y2O3

minimum 2.50 4.46 0.42 1.41 0.17 <0.16 <0.9 0.04 <0.09
maximum 6.34 12.46 1.28 5.03 1.00 1.60 0.23 0.42 1.25
arithmetic mean 4.23 8.60 0.93 3.44 0.52 0.95 0.06 0.19 0.53
median 4.49 9.16 0.94 3.50 0.53 1.02 0.04 0.18 0.45
standard deviation 0.90 1.75 0.19 0.81 0.17 0.43 0.07 0.09 0.29

T a b l e 2 

Mean EPMA analyses of allanite-(Ce) from the Stara Kamienica schists archival boreholes. Atoms per 
formula unit (apfu) calculated to 12.5 oxygen and 8 cations. 

Sample point C-X/46 G-I/13 K-II/3 G-III/17 
n= 12 12 8 8 
SiO2 33.32 31.97 32.33 29.92 
TiO2 0.29 0.20 0.25 0.16 
Al2O3 21.25 19.80 20.65 18.49 
Fe2O3 12.05 12.09 11.08 15.74 
FeO 10.85 10.88 9.97 14.16 
MgO 0.12 0.25 0.04 0.07 
CaO 15.75 11.57 12.87 10.92 



La2O3 3.16 4.66 4.66 4.76 
Ce2O3 6.62 9.68 9.14 9.42 
Pr2O3 0.73 1.04 0.99 1.00 
Nd2O3 2.52 3.94 3.62 3.87 
Sm2O3 0.37 0.60 0.52 0.64 
Gd2O3 0.90 1.14 0.34 1.35 
ThO2 0.02 0.15 0.06 0.34 
Y2O3 0.48 0.40 0.89 0.47 
MnO 0.12 0.39 0.25 0.20 
SrO 0.21 0.24 0.11 0.17 
Total 97.93 98.12 97.79 97.51 
Σ REE 14.78 21.45 20.15 21.51 
Si 3.490 3.479 3.501 3.274
Ti 0.023 0.016 0.021 0.013
Al 1.967 1.904 1.977 1.789
Fe2+ 0.712 0.742 0.677 0.964
Fe3+ 0.472 0.473 0.434 0.616
Mg 0.009 0.020 0.003 0.006
Ca 0.883 0.674 0.746 0.641
La 0.092 0.140 0.139 0.144
Ce 0.191 0.289 0.272 0.284
Pr 0.021 0.031 0.029 0.030
Nd 0.071 0.115 0.105 0.114
Sm 0.010 0.017 0.014 0.018
Gd 0.023 0.031 0.009 0.037
Th 0.000 0.004 0.001 0.008
Y 0.020 0.017 0.038 0.020
Mn 0.005 0.018 0.011 0.009
Sr 0.006 0.007 0.003 0.005
Total 8.0 7.98 7.99 7.97
REE+Th 0.408 0.627 0.571 0.635

T a b l e 3 

Statistics of REE contents in monazite-(Ce) from the Stara Kamienica schists (wt.%, n – statistical group)

monazite-
(Ce) (n=23) La2O3 Ce2O3 Pr2O3 Nd2O3 Sm2O3 Gd2O3 Dy2O3 SrO Y2O3

minimum 8.59 20.44 2.10 8.26 1.42 0.53 <0.11 <0.05 <0.05
maximum 16.31 30.56 3.13 11.76 2.35 1.62 0.80 0.17 2.81
arithmetic 
mean 12.89 27.17 2.74 10.50 1.78 1.10 0.41 0.09 1.34 

median 13.09 27.67 2.77 10.57 1.74 1.14 0.50 0.10 1.66
standard 
deviation 1.79 2.06 0.24 0.88 0.22 0.29 0.26 0.04 0.90 



T a b l e 4 

Mean EPMA analyses of monazite-(Ce) from the Stara Kamienica schists. Atoms per formula unit (apfu) calculated to 4 
oxygen and 2 cations. 

Sample point St. Leopold mine G-VI/22 borehole
n= 16 7
Ce2O3 26.91 27.79
P2O5 29.83 28.43
La2O3 12.20 14.46
Nd2O3 10.56 10.37
ThO2 2.02 9.32
Pr2O3 2.71 2.80
CaO 3.98 1.35
PbO2 2.59 0.15
Sm2O3 1.80 1.74
Y2O3 1.88 0.10
Gd2O3 1.25 0.76
Fe2O3 0.83 0.51
Dy2O3 0.57 0.05
Eu2O3 0.39 0.21
UO2 0.31 0.29
SrO 0.12 0.04
SiO2 0.27 0.90
Al2O3 0.20 0.03
SO3 0.43 0.16
K2O 0.09 0.03
As2O3 0.07 0.00
Total 99.02 99.48
Ce 0.283 0.304
P 1.209 1.201
La 0.129 0.159
Nd 0.108 0.111
Th 0.018 0.085
Pr 0.019 0.020
Ca 0.082 0.029
Pb 0.025 0.002
Sm 0.018 0.018
Y 0.029 0.002
Gd 0.012 0.008
Fe2+ 0.018 0.012
Dy 0.005 0.000
Eu 0.004 0.002
U 0.003 0.003
Sr 0.001 0.000
Si 0.010 0.036
Al 0.007 0.001
S 0.018 0.007
K 0.001 0.000



As 0.001 0.000
Total 2.00 2.00
REE+Y 0.607 0.625

T a b l e 5 

Statistics of REE contents in xenotime-(Y) from the Stara Kamienica schists (wt.%, n – statistical group) 

xenotime-(Y) (n=18) Nd2O3 Gd2O3 Eu2O3 Sm2O3 Dy2O3 Er2O3 Tb2O3 Yb2O3 Ho2O3 Tm2O3 Lu2O3

minimum 0.00 1.03 0.12 0.07 5.29 2.93 0.34 1.73 1.14 0.25 0.48
maximum 0.63 6.28 0.83 1.48 9.90 4.41 1.34 3.51 1.43 0.45 0.82
arithmetic mean 0.14 3.20 0.32 0.46 7.17 3.82 0.79 3.11 1.30 0.32 0.67
median 0.08 2.50 0.19 0.19 7.01 3.89 0.72 3.28 1.32 0.31 0.68
standard deviation 0.16 1.62 0.24 0.43 1.07 0.38 0.26 0.51 0.08 0.06 0.09

T a b l e 6 

Mean EPMA analyses of xenotime-(Y) from the Stara Kamienica schists. Atoms per formula unit (apfu) 
calculated to 4 oxygen and 2 cations. 

Sample point K-II/3
n= 18 

Y2O3 41.16 

P2O5 34.40 

Dy2O3 7.17 

Er2O3 3.82 

Gd2O3 3.20 

Yb2O3 3.11 

Ho2O3 1.30 
FeO 1.23 

UO2 1.00 

Tb2O3 0.79 

Lu2O3 0.66 

Sm2O3 0.46 

Tm2O3 0.33 

Eu2O3 0.32 

Nd2O3 0.14 

PbO 0.05 

SiO2 0.36 
CaO 0.02 

ThO2 0.01 
Total 99.71 
Y 0.717 
P 0.986 
Dy 0.078 
Er 0.041 
Gd 0.036 
Yb 0.032 
Ho 0.014 
Fe3+ 0.035 
U 0.015 
Tb 0.009 
Lu 0.007 
Sm 0.005 
Tm 0.003 
Eu 0.004 
Nd 0.002 
Pb 0.000 



Si 0.012 
Ca 0.001 
Th 0.000 

Total 1.998 

REE+Y 0.948 

T a b l e 7 

Shortened chemical composition of zonal xenotime-(Y) from Fig. 6A – WDS analysis (wt.%) 

WDS 
point# Y2O3 P2O5 Nd2O3 Eu2O3 Sm2O3 Gd2O3 Tb2O3 Dy2O3 Ho2O3 Er2O3 Tm2O3 Yb2O3 Lu2O3

1 45.50 35.15 0.02 0.19 0.07 1.14 0.41 5.89 1.36 4.17 0.25 3.28 0.48 
2 44.84 34.58 0.07 0.20 0.09 1.03 0.35 5.29 1.29 4.20 0.39 3.48 0.60 
3 38.38 34.12 0.40 0.82 1.06 5.83 1.30 9.61 1.43 2.93 0.30 1.79 0.67 
4 38.31 34.44 0.31 0.82 1.03 5.60 1.35 9.90 1.33 2.97 0.26 1.73 0.52 

T a b l e 8 

Statistics of REE contents in REE fluorocarbonates from the Stara Kamienica schists (wt.%, n – statistical 
group) 

REE fluorocarbonate 
(n=32) La2O3 Ce2O3 Pr2O3 Nd2O3 Sm2O3 Gd2O3 Dy2O3 SrO Y2O3

minimum 10.48 21.29 2.28 8.14 1.41 0.93 0.00 0.06 0.68
maximum 20.54 30.83 3.60 15.17 2.80 4.67 1.00 0.38 4.66
arithmetic mean 14.22 27.23 2.98 11.54 1.97 2.22 0.49 0.20 2.77
median 14.11 27.47 2.99 11.41 1.96 2.02 0.49 0.19 2.63
standard deviation 2.16 2.44 0.30 1.74 0.30 0.89 0.28 0.07 0.89



APPENDIX 1 

A – Full allanite-(Ce) WDS results. [wt.%; b.d.l. – below detection limit] 

WDS 
point

Sample 
point SiO2 Al2O3 CaO Fe2O3 Ce2O3 La2O3 Nd2O3 Gd2O3 Pr2O3 Y2O3 Sm2O3 TiO2 ThO2 SrO Na2O MgO K2O SO3 MnO Dy2O3 Total 

1 C-X/46 33.89 21.59 15.85 11.62 6.53 2.64 2.83 0.98 0.84 0.78 0.55 0.14 b.d.l. 0.27 0.02 0.06 b.d.l. b.d.l. 0.14 0.12 98.84 

2 C-X/46 34.06 20.89 17.36 12.12 5.06 2.50 2.09 0.76 0.55 0.52 0.33 0.61 b.d.l. 0.27 0.02 0.06 0.02 b.d.l. b.d.l. b.d.l. 97.36 

3 C-X/46 33.51 21.44 16.39 12.07 6.37 2.90 2.49 0.79 0.68 0.46 0.45 b.d.l. b.d.l. 0.15 b.d.l. 0.04 b.d.l. b.d.l. 0.14 b.d.l. 98.06 

4 C-X/46 33.90 21.90 14.53 13.07 6.77 2.94 2.65 0.94 0.89 0.27 0.31 0.19 b.d.l. 0.15 0.02 0.35 b.d.l. 0.05 0.12 b.d.l. 99.09 

5 C-X/46 34.58 21.36 18.00 12.38 4.46 3.12 1.41 0.55 0.42 0.48 b.d.l. 0.27 b.d.l. 0.42 b.d.l. 0.07 b.d.l. b.d.l. 0.11 0.09 98.02 

6 C-X/46 31.88 21.09 14.86 13.53 6.20 2.88 2.30 0.83 0.64 0.57 0.34 0.30 0.07 0.16 0.02 0.48 b.d.l. 0.09 0.15 b.d.l. 96.44 

7 C-X/46 33.38 21.65 16.35 11.88 6.53 3.21 2.34 0.93 0.64 0.37 0.37 0.11 b.d.l. 0.20 b.d.l. 0.04 b.d.l. b.d.l. 0.14 b.d.l. 98.16 

8 C-X/46 33.25 21.65 16.52 11.59 5.67 2.68 2.40 0.78 0.73 0.89 0.46 b.d.l. b.d.l. 0.24 b.d.l. 0.06 b.d.l. b.d.l. 0.13 0.13 97.29 

9 C-X/46 32.88 21.49 14.77 11.59 7.38 3.93 2.61 0.99 0.84 0.47 0.43 0.15 b.d.l. 0.21 b.d.l. 0.07 b.d.l. b.d.l. 0.19 b.d.l. 98.05 

10 C-X/46 32.79 20.99 13.54 11.56 9.73 4.32 3.11 1.18 0.94 0.29 0.34 0.28 b.d.l. 0.15 0.04 0.10 0.03 b.d.l. 0.14 b.d.l. 99.58 

11 C-X/46 32.89 20.84 15.03 11.70 7.83 3.69 3.19 1.20 0.83 0.29 0.45 0.22 b.d.l. 0.17 b.d.l. 0.07 b.d.l. b.d.l. b.d.l. 0.18 98.68 

12 C-X/46 32.86 20.15 15.80 11.53 6.95 3.10 2.85 0.87 0.82 0.33 b.d.l. 1.08 b.d.l. 0.13 b.d.l. 0.06 b.d.l. b.d.l. b.d.l. b.d.l. 96.72 

13 G-I/13 31.75 19.35 11.46 11.88 10.73 4.75 4.53 1.34 1.20 0.33 0.88 0.11 0.22 0.26 0.08 0.09 0.04 b.d.l. 0.40 b.d.l. 99.44 

14 G-I/13 31.57 19.39 10.99 11.75 9.67 4.66 4.01 1.27 1.05 0.33 0.54 0.38 0.39 0.24 0.14 0.26 0.10 b.d.l. 0.36 b.d.l. 97.14 

15 G-I/13 31.48 18.72 11.07 11.55 10.00 4.63 3.69 1.25 0.99 0.41 0.34 0.87 0.57 0.14 0.12 0.11 0.17 0.05 0.34 b.d.l. 96.59 

16 G-I/13 32.27 20.48 12.23 11.07 9.19 4.86 3.55 1.24 0.90 0.50 0.60 b.d.l.. 0.12 0.36 0.08 0.14 0.06 b.d.l. 0.42 b.d.l. 98.18 

17 G-I/13 31.94 19.44 11.68 12.28 9.49 5.25 4.43 1.32 1.03 0.29 0.65 0.15 b.d.l. 0.21 0.04 0.11 b.d.l. b.d.l. 0.38 b.d.l. 98.81 

18 G-I/13 32.07 19.92 11.60 12.00 10.42 4.67 4.24 1.29 0.95 0.28 0.63 b.d.l. b.d.l. 0.19 0.10 0.14 0.02 b.d.l. 0.49 b.d.l. 99.18 

19 G-I/13 33.15 20.94 11.77 11.63 8.60 4.31 4.39 1.18 1.04 0.41 0.62 0.12 0.10 0.23 0.05 0.18 0.43 0.17 0.42 b.d.l. 99.73 

20 G-I/13 32.14 20.08 11.96 11.23 9.69 4.54 4.09 1.38 1.17 0.34 0.65 b.d.l. b.d.l. 0.32 0.08 0.08 0.03 b.d.l. 0.43 b.d.l. 98.36 

21 G-I/13 31.83 19.58 11.40 11.77 10.25 4.76 4.48 1.33 1.17 0.34 0.67 0.22 b.d.l. 0.24 0.07 0.08 0.04 b.d.l. 0.43 b.d.l. 98.74 

22 G-I/13 32.03 20.47 11.64 14.36 7.40 3.44 2.81 0.58 0.90 0.90 0.60 b.d.l. 0.10 0.22 0.05 1.26 0.09 0.05 0.33 0.23 97.55 

23 G-I/13 31.79 19.91 11.90 12.62 9.65 4.51 2.46 b.d.l.. 0.78 0.43 0.28 0.14 0.11 0.22 0.06 0.50 0.06 b.d.l. 0.33 0.10 95.86 

24 G-I/13 31.66 19.31 11.16 12.99 11.06 5.47 4.56 1.52 1.24 0.24 0.69 b.d.l. 0.11 0.22 0.08 0.10 0.02 b.d.l. 0.41 b.d.l. 100.92 

25 K-II/3 32.75 21.24 13.57 10.12 8.76 4.88 3.25 0.34 0.88 0.76 0.41 0.49 b.d.l. 0.13 0.03 0.05 b.d.l. b.d.l. 0.21 0.12 98.02 

26 K-II/3 32.51 20.25 12.68 11.08 9.57 4.83 3.35 0.30 0.97 0.74 0.38 0.69 b.d.l. b.d.l. 0.03 0.08 b.d.l. b.d.l. 0.20 b.d.l. 97.84 



27 K-II/3 32.14 20.16 12.37 11.48 9.50 4.24 4.11 0.30 1.10 1.02 0.50 0.15 0.13 0.09 0.04 0.04 b.d.l. b.d.l. 0.28 0.11 97.77 

28 K-II/3 32.24 20.39 12.28 10.93 8.83 4.46 3.98 0.49 1.01 1.25 0.67 0.13 b.d.l. 0.12 0.05 0.04 0.02 b.d.l. 0.40 0.11 97.42 

29 K-II/3 32.46 20.74 12.75 11.21 8.89 4.38 3.72 0.39 1.08 1.18 0.61 0.18 0.07 0.13 0.04 0.05 b.d.l. b.d.l. 0.27 0.13 98.30 

30 K-II/3 32.00 21.33 13.47 11.35 9.13 5.27 3.37 0.28 0.89 0.41 0.44 b.d.l. b.d.l. 0.18 0.02 0.02 b.d.l. b.d.l. 0.14 b.d.l. 98.50 

31 K-II/3 31.88 20.39 12.59 11.30 10.03 4.95 3.58 0.28 1.01 0.67 0.55 0.21 0.07 b.d.l. 0.05 0.03 b.d.l. b.d.l. 0.17 b.d.l. 97.80 

32 K-II/3 32.66 20.73 13.25 11.18 8.40 4.22 3.58 0.37 0.98 1.07 0.58 b.d.l. b.d.l. 0.11 0.02 0.03 0.04 b.d.l. 0.29 b.d.l. 97.72 

33 G-III/17 32.79 20.39 12.18 11.79 9.76 4.50 3.99 1.31 1.16 0.50 0.77 0.27 0.27 0.33 0.06 0.12 0.03 0.37 0.31 b.d.l. 100.90 

34 G-III/17 28.19 15.92 9.48 22.24 8.39 4.47 3.78 1.49 0.93 0.98 0.65 0.47 0.75 b.d.l. 0.10 0.06 0.03 0.59 0.09 0.17 98.87 

35 G-III/17 24.42 14.59 7.60 31.71 6.27 3.18 3.09 1.05 0.59 0.87 0.51 0.20 1.16 0.10 0.12 0.03 0.04 2.18 0.09 0.20 98.01 

36 G-III/17 31.90 20.43 12.20 11.12 9.53 5.13 3.31 1.27 0.91 0.46 0.46 b.d.l. 0.24 0.24 0.06 0.15 b.d.l. b.d.l. 0.30 0.18 97.98 

37 G-III/17 31.64 20.56 12.28 11.48 9.34 5.20 3.46 1.29 1.17 0.45 0.40 0.11 0.23 0.38 0.10 0.10 b.d.l. 0.05 0.30 0.13 98.71 

38 G-III/17 31.10 17.80 9.79 13.52 12.46 6.34 5.03 1.60 1.28 b.d.l. 1.00 0.14 b.d.l. b.d.l. 0.03 b.d.l. 0.02 0.06 0.13 b.d.l. 100.35 

39 G-III/17 30.07 19.24 11.80 12.27 9.68 4.60 4.14 1.38 1.02 0.23 0.61 b.d.l. b.d.l. 0.12 0.03 0.05 b.d.l. 0.10 0.27 b.d.l. 95.65 

40 G-III/17 29.25 18.94 11.99 11.79 9.93 4.67 4.19 1.38 0.92 0.24 0.73 b.d.l. b.d.l. b.d.l. 0.03 0.05 b.d.l. 1.55 0.14 b.d.l. 95.89 

avr. det. lim. 0.06 0.04 0.03 0.07 0.19 0.21 0.29 0.16 0.26 0.09 0.27 0.11 0.07 0.08 0.02 0.01 0.02 0.05 0.08 0.09 - 

SiO2 Al2O3 CaO Fe2O3 Ce2O3 La2O3 Nd2O3 Gd2O3 Pr2O3 Y2O3 Sm2O3 TiO2 ThO2 SrO Na2O MgO K2O SO3 MnO Dy2O3 Total 

minimum 24.42 14.59 7.60 10.12 4.46 2.50 1.41 b.d.l. 0.42 b.d.l. 0.17 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. 95.65 

maximum 34.58 21.90 18.00 31.71 12.46 6.34 5.03 1.60 1.28 1.25 1.00 1.08 1.16 0.42 0.14 1.26 0.43 2.18 0.49 0.23 100.92 

arithmetic mean 32.04 20.14 12.95 12.61 8.60 4.23 3.44 0.95 0.93 0.53 0.52 0.23 0.13 0.19 0.05 0.14 0.04 0.14 0.24 0.06 98.16 

median 32.14 20.41 12.28 11.73 9.16 4.49 3.50 1.02 0.94 0.45 0.53 0.14 0.04 0.18 0.04 0.07 0.01 0.02 0.24 0.04 98.05 

standard deviation 1.70 1.44 2.19 3.55 1.75 0.90 0.81 0.43 0.19 0.29 0.17 0.23 0.23 0.09 0.04 0.21 0.07 0.41 0.13 0.07 1.21 



B – Atoms per formula unit (apfu) calculations in allanite-(Ce). [the formulae were calculated to 12.5 oxygen and 8 cations] 
WDS 
point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

Sample 
point 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

C-
X/46 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

G-
I/13 

K-
II/3 

K-
II/3 

K-
II/3 

K-
II/3 

K-
II/3 

K-
II/3 

K-
II/3 

K-
II/3 

G-
III/17 

G-
III/17 

G-
III/17 

G-
III/17 

G-
III/17 

G-
III/17 

G-
III/17 

G-
III/17

Si 3.53 3.53 3.50 3.48 3.54 3.37 3.48 3.49 3.48 3.48 3.49 3.50 3.47 3.49 3.51 3.51 3.48 3.48 3.53 3.51 3.48 3.38 3.47 3.42 3.53 3.52 3.50 3.52 3.50 3.44 3.48 3.52 3.50 3.02 2.57 3.49 3.44 3.43 3.39 3.36 

Ti 0.01 0.05 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.09 0.01 0.03 0.07 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.04 0.06 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.04 0.02 0.01 0.01 0.01 0.00 0.00 

Al 1.99 1.92 1.98 1.99 1.93 1.97 2.00 2.01 2.01 1.97 1.95 1.90 1.87 1.90 1.85 1.97 1.87 1.91 1.97 1.94 1.89 1.91 1.92 1.84 2.02 1.94 1.94 1.97 1.98 2.03 1.96 1.97 1.92 1.51 1.36 1.98 1.98 1.74 1.92 1.92 

Fe2+ 0.68 0.71 0.71 0.76 0.72 0.81 0.70 0.69 0.69 0.69 0.70 0.69 0.73 0.73 0.73 0.68 0.75 0.73 0.70 0.69 0.73 0.86 0.78 0.79 0.62 0.68 0.71 0.67 0.68 0.69 0.69 0.68 0.71 1.35 1.88 0.69 0.71 0.84 0.78 0.76 

Fe3+ 0.45 0.47 0.47 0.51 0.48 0.53 0.46 0.45 0.45 0.45 0.46 0.45 0.46 0.46 0.45 0.43 0.48 0.47 0.46 0.44 0.46 0.56 0.49 0.51 0.40 0.43 0.45 0.43 0.44 0.44 0.44 0.44 0.46 0.87 1.24 0.44 0.45 0.53 0.48 0.46 

Mg 0.00 0.00 0.00 0.03 0.01 0.04 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.10 0.04 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 

Ca 0.88 0.96 0.92 0.80 0.99 0.84 0.91 0.93 0.84 0.77 0.85 0.90 0.67 0.65 0.66 0.71 0.68 0.67 0.67 0.70 0.67 0.66 0.69 0.65 0.78 0.74 0.72 0.72 0.74 0.78 0.73 0.76 0.70 0.54 0.43 0.71 0.72 0.58 0.71 0.74 

La 0.08 0.07 0.08 0.08 0.09 0.08 0.09 0.08 0.12 0.13 0.11 0.09 0.14 0.14 0.14 0.15 0.16 0.14 0.13 0.14 0.14 0.10 0.14 0.16 0.15 0.14 0.13 0.13 0.13 0.16 0.15 0.13 0.13 0.13 0.09 0.16 0.16 0.19 0.14 0.15 

Ce 0.19 0.14 0.18 0.19 0.13 0.18 0.19 0.16 0.21 0.28 0.23 0.20 0.32 0.29 0.31 0.27 0.28 0.31 0.25 0.29 0.31 0.21 0.29 0.33 0.26 0.28 0.28 0.26 0.26 0.27 0.30 0.25 0.29 0.25 0.18 0.29 0.28 0.38 0.30 0.31 

Pr 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.02 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.04 0.03 0.03 

Nd 0.08 0.06 0.07 0.07 0.04 0.07 0.07 0.07 0.07 0.09 0.09 0.08 0.13 0.12 0.11 0.10 0.13 0.12 0.13 0.12 0.13 0.08 0.07 0.13 0.09 0.10 0.12 0.12 0.11 0.10 0.10 0.10 0.11 0.11 0.09 0.10 0.10 0.15 0.12 0.13 

Sm 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.03 0.02 0.02 

Gd 0.03 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.04 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.04 0.02 0.00 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.04 0.03 0.03 0.03 0.04 0.04 0.04 

Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.01 0.01 0.00 0.00 0.00 

Mn 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 

Sr 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 

Y 0.03 0.02 0.02 0.01 0.02 0.02 0.02 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.04 0.02 0.01 0.03 0.03 0.04 0.05 0.05 0.02 0.03 0.05 0.02 0.04 0.04 0.02 0.02 0.00 0.01 0.01 

Total 8.00 8.00 8.00 8.01 8.01 7.99 8.00 8.00 7.99 7.99 7.99 7.99 7.98 7.97 7.97 7.98 7.98 7.98 7.99 7.98 7.98 7.99 7.97 7.98 7.99 7.98 7.98 7.98 7.98 7.99 7.98 7.98 7.99 7.97 7.99 7.98 7.98 7.97 7.96 7.95 

REE+Th 0.41 0.32 0.39 0.41 0.28 0.38 0.40 0.36 0.47 0.57 0.49 0.43 0.70 0.65 0.65 0.60 0.66 0.66 0.59 0.64 0.67 0.46 0.53 0.72 0.55 0.58 0.59 0.58 0.56 0.57 0.61 0.53 0.63 0.59 0.45 0.62 0.62 0.83 0.66 0.68 

C – Full monazite-(Ce) WDS results. [wt.%; b.d.l. – below detection limit] 
WDS 
point Sample point Ce2O3 P2O5 La2O3 Nd2O3 ThO2 Pr2O3 CaO PbO2 Sm2O3 Y2O3 Gd2O3 Fe2O3 Dy2O3 Eu2O3 UO2 SrO SiO2 Al2O3 SO3 K2O As2O3 Total

1 St. Leopold 
mine 28.03 29.69 13.09 10.93 b.d.l. 3.08 3.74 0.84 2.10 2.81 1.62 0.71 0.80 0.49 0.13 0.13 0.07 0.05 0.16 0.07 b.d.l. 98.55 

2 St. Leopold 
mine 27.13 30.14 12.78 10.88 b.d.l. 2.77 4.11 3.85 1.97 2.09 1.39 0.67 0.63 0.47 0.18 0.12 0.09 0.24 0.53 0.04 0.09 100.17 

3 St. Leopold 
mine 29.18 30.08 13.53 11.76 b.d.l. 3.13 3.58 0.48 1.88 2.37 1.39 0.51 0.75 0.60 0.14 0.10 0.27 0.09 0.23 0.09 b.d.l. 100.19 

4 St. Leopold 
mine 28.80 29.36 12.49 11.58 0.08 2.99 3.67 2.25 2.06 1.66 1.24 0.45 0.51 0.35 0.29 0.08 0.18 0.10 0.31 0.02 0.04 98.53 



5 St. Leopold 
mine 25.96 30.40 10.12 11.76 2.43 2.92 3.80 b.d.l. 2.35 2.14 1.40 0.81 0.72 0.55 0.57 0.08 0.13 0.04 0.14 0.08 b.d.l. 96.41 

6 St. Leopold 
mine 20.44 28.96 8.59 8.26 16.36 2.10 5.18 b.d.l. 1.43 1.40 0.94 1.11 0.41 0.27 0.36 0.15 0.48 0.14 0.14 0.11 b.d.l. 96.85 

7 St. Leopold 
mine 27.67 30.54 12.71 10.57 b.d.l. 2.53 4.09 2.72 1.70 2.12 1.48 0.59 0.56 0.34 0.34 0.11 0.12 0.14 0.29 0.05 0.12 98.84 

8 St. Leopold 
mine 27.98 30.01 13.94 10.95 b.d.l. 2.59 3.89 2.13 1.66 1.92 1.24 0.47 0.51 0.36 0.26 0.10 0.16 0.08 0.26 0.03 b.d.l. 98.55 

9 St. Leopold 
mine 28.38 30.14 13.64 11.58 b.d.l. 2.76 3.67 1.00 1.74 2.14 1.41 0.66 0.63 0.30 0.14 0.08 0.18 0.07 0.20 0.06 b.d.l. 98.77 

10 St. Leopold 
mine 28.35 30.54 14.06 10.68 b.d.l. 2.66 4.23 2.11 1.66 1.79 1.22 1.00 0.44 0.38 0.16 0.10 0.20 0.08 0.33 0.12 b.d.l. 100.12 

11 St. Leopold 
mine 28.01 31.23 14.30 10.42 b.d.l. 2.90 4.38 1.01 1.60 2.07 1.43 1.13 0.52 0.34 0.23 0.11 0.12 0.02 0.11 0.07 b.d.l. 99.99 

12 St. Leopold 
mine 28.58 28.99 10.90 11.53 b.d.l. 2.96 4.09 2.98 2.09 1.22 1.14 1.68 0.50 0.42 0.81 0.09 0.49 0.28 0.61 0.07 0.07 99.50 

13 St. Leopold 
mine 25.36 30.46 11.19 9.36 5.22 2.43 3.95 5.01 1.66 1.37 1.00 0.88 0.50 0.34 0.40 0.17 0.21 0.29 0.82 0.11 0.19 100.91 

14 St. Leopold 
mine 25.79 28.67 11.16 9.80 b.d.l. 2.75 3.55 6.60 1.76 1.70 1.05 1.76 0.59 0.33 0.60 0.14 0.43 0.57 0.94 0.06 0.34 98.66 

15 St. Leopold 
mine 24.02 30.10 10.55 8.75 7.63 2.32 4.22 4.99 1.42 1.10 0.84 0.46 0.37 0.32 0.29 0.16 0.27 0.33 0.84 0.19 0.13 99.31 

16 St. Leopold 
mine 26.82 28.00 12.19 10.11 0.50 2.54 3.57 5.48 1.76 2.20 1.18 0.42 0.70 0.41 0.04 0.13 0.91 0.68 0.94 0.20 0.17 98.97 

17 G-VI/22 25.32 26.31 12.75 9.94 12.88 2.56 1.52 0.26 1.86 0.18 0.87 1.45 0.11 0.32 0.24 b.d.l. 1.63 0.03 0.98 b.d.l. b.d.l. 99.28 

18 G-VI/22 26.45 27.61 13.40 10.32 10.54 2.71 1.50 0.19 1.89 0.28 1.02 0.54 0.11 0.26 0.28 b.d.l. 1.02 b.d.l. 0.03 0.02 b.d.l. 98.22 

19 G-VI/22 27.25 28.29 14.11 10.14 10.70 2.80 1.51 0.15 1.84 b.d.l. 0.53 0.18 b.d.l. 0.27 0.29 0.05 1.01 b.d.l. 0.04 0.04 b.d.l. 99.22 

20 G-VI/22 28.22 28.82 14.66 10.91 8.83 2.83 1.35 0.13 1.65 b.d.l. 0.72 0.20 b.d.l. b.d.l. 0.26 b.d.l. 0.70 0.03 b.d.l. 0.04 b.d.l. 99.47 

21 G-VI/22 27.29 28.59 14.48 10.23 10.10 2.80 1.49 0.16 1.67 b.d.l. 0.64 0.29 b.d.l. 0.22 0.24 0.07 0.90 0.05 b.d.l. 0.03 b.d.l. 99.33 

22 G-VI/22 29.43 29.43 15.49 10.43 7.16 2.90 1.19 0.08 1.56 0.12 0.78 0.36 b.d.l. b.d.l. 0.33 b.d.l. 0.59 b.d.l. b.d.l. 0.04 0.03 100.10 

23 G-VI/22 30.56 29.97 16.31 10.60 5.00 2.97 0.91 0.09 1.71 0.10 0.80 0.57 b.d.l. b.d.l. 0.38 0.05 0.42 0.05 b.d.l. 0.06 b.d.l. 100.75 

avr. det. lim. 0.17 0.02 0.16 0.24 0.07 0.21 0.02 0.05 0.22 0.05 0.18 0.06 0.11 0.21 0.04 0.05 0.02 0.02 0.03 0.02 0.02 - 

Ce2O3 P2O5 La2O3 Nd2O3 ThO2 Pr2O3 CaO PbO2 Sm2O3 Y2O3 Gd2O3 Fe2O3 Dy2O3 Eu2O3 UO2 SrO SiO2 Al2O3 SO3 K2O As2O3 Total 
minimum 20.44 26.31 8.59 8.26 0.00 2.10 0.91 b.d.l. 1.42 b.d.l. 0.53 0.18 b.d.l. b.d.l. 0.04 b.d.l. 0.07 b.d.l. b.d.l. b.d.l. b.d.l. 96.41 

maximum 30.56 31.23 16.31 11.76 16.36 3.13 5.18 6.60 2.35 2.81 1.62 1.76 0.80 0.60 0.81 0.17 1.63 0.68 0.98 0.20 0.34 100.91 

arithmetic mean 27.17 29.41 12.89 10.50 4.24 2.74 3.18 1.85 1.78 1.34 1.10 0.74 0.41 0.34 0.30 0.09 0.46 0.15 0.35 0.07 0.05 99.16 

median 27.67 29.69 13.09 10.57 0.50 2.77 3.67 1.00 1.74 1.66 1.14 0.59 0.50 0.34 0.28 0.10 0.27 0.08 0.23 0.06 0.00 99.28 

standard deviation 2.06 1.12 1.79 0.88 5.08 0.24 1.26 2.01 0.22 0.90 0.29 0.43 0.26 0.12 0.17 0.04 0.39 0.17 0.33 0.05 0.09 1.06 



D – Atoms per formula unit (apfu) calculations in monazite-(Ce). [the formulae were calculated to 4 oxygen and 2 cations] 
WDS 
point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Sample 
point 

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine

St. 
Leopold 

mine
G-VI/22 G-VI/23 G-VI/24 G-VI/25 G-VI/26 G-VI/27 G-VI/28 

Ce 0.30 0.28 0.31 0.31 0.28 0.22 0.29 0.30 0.30 0.29 0.29 0.30 0.26 0.27 0.25 0.28 0.28 0.30 0.30 0.31 0.30 0.32 0.33 

P 1.22 1.21 1.21 1.21 1.25 1.21 1.23 1.22 1.22 1.22 1.24 1.17 1.21 1.16 1.21 1.14 1.12 1.19 1.20 1.22 1.21 1.23 1.24 

La 0.14 0.13 0.14 0.13 0.11 0.09 0.13 0.15 0.14 0.15 0.15 0.12 0.12 0.12 0.11 0.13 0.14 0.15 0.16 0.16 0.16 0.17 0.18 

Nd 0.11 0.11 0.12 0.12 0.12 0.09 0.11 0.11 0.12 0.11 0.10 0.12 0.09 0.10 0.09 0.10 0.11 0.11 0.11 0.12 0.11 0.11 0.11 

Th 0.00 0.00 0.00 0.00 0.02 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.07 0.00 0.12 0.10 0.10 0.08 0.09 0.06 0.04 

Pr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Ca 0.08 0.08 0.07 0.08 0.08 0.11 0.08 0.08 0.08 0.09 0.09 0.08 0.08 0.07 0.09 0.07 0.03 0.03 0.03 0.03 0.03 0.03 0.02 

Pb 0.01 0.04 0.00 0.02 0.00 0.00 0.03 0.02 0.01 0.02 0.01 0.03 0.05 0.06 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sm 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

Y 0.04 0.03 0.04 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gd 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Fe3+ 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.04 0.02 0.04 0.01 0.01 0.03 0.01 0.00 0.00 0.01 0.01 0.01 

Dy 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Eu 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

U 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Si 0.00 0.00 0.01 0.01 0.00 0.02 0.00 0.01 0.01 0.01 0.00 0.02 0.01 0.02 0.01 0.04 0.07 0.04 0.04 0.03 0.04 0.02 0.02 

Al 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.03 0.03 0.04 0.04 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

As 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

REE+Y 0.67 0.62 0.67 0.65 0.61 0.47 0.62 0.64 0.65 0.63 0.63 0.61 0.54 0.57 0.51 0.61 0.58 0.62 0.61 0.63 0.62 0.65 0.66 



E – Full xenotime-(Y) WDS results. [wt.%; b.d.l. – below detection limit]

WDS 
point 

Sample 
point Y2O3 P2O5 Dy2O3 Er2O3 Gd2O3 Yb2O3 Ho2O3 FeO Fe2O3 UO2 Tb2O3 Lu2O3 Sm2O3 Tm2O3 Eu2O3 Nd2O3 PbO SiO2 CaO ThO2 Total 

1 K-II/3 45.51 35.15 5.89 4.18 1.14 3.28 1.36 0.70 0.78 0.91 0.41 0.48 b.d.l. 0.25 0.18 b.d.l. 0.04 0.30 b.d.l. b.d.l. 99.97 

2 K-II/3 44.84 34.59 5.29 4.20 1.03 3.49 1.30 0.78 0.87 1.95 0.34 0.60 0.09 0.39 0.20 b.d.l. 0.09 0.68 0.02 b.d.l. 100.07 

3 K-II/3 38.37 34.12 9.60 2.93 5.83 1.78 1.43 1.15 1.28 0.76 1.29 0.67 1.06 0.30 0.83 0.37 0.03 0.25 0.03 0.02 100.99 

4 K-II/3 38.32 34.44 9.90 2.98 5.60 1.73 1.32 1.00 1.11 0.79 1.34 0.52 1.03 0.26 0.82 0.63 0.05 0.24 b.d.l. 0.01 101.14 

5 K-II/3 36.43 33.31 7.57 3.44 5.30 2.89 1.26 1.23 1.37 0.96 1.02 0.70 1.11 0.27 0.54 0.24 0.05 0.39 0.04 0.01 96.97 

6 K-II/3 36.82 34.02 7.79 3.43 6.28 2.96 1.24 1.30 1.45 0.78 1.10 0.58 1.48 0.26 0.63 0.26 0.04 0.28 0.04 0.01 99.50 

7 K-II/3 41.71 35.05 7.52 4.03 2.88 3.51 1.38 1.07 1.19 0.50 0.81 0.71 0.27 0.30 0.26 b.d.l. 0.02 0.27 b.d.l. b.d.l. 100.51 

8 K-II/3 39.25 34.69 7.05 3.87 5.07 3.09 1.31 1.43 1.58 0.43 0.94 0.71 0.70 0.32 0.34 b.d.l. 0.02 0.33 b.d.l. 0.02 99.90 

9 K-II/3 41.41 34.30 6.74 3.96 2.27 3.29 1.16 1.19 1.32 2.12 0.67 0.76 0.18 0.27 0.15 b.d.l. 0.10 0.64 0.02 0.01 99.38 

10 K-II/3 41.66 34.99 7.04 3.89 2.60 3.20 1.35 1.41 1.57 0.65 0.72 0.79 0.20 0.32 0.18 b.d.l. 0.02 0.27 0.02 b.d.l. 99.59 

11 K-II/3 41.94 34.86 7.07 3.88 2.40 3.46 1.33 1.22 1.36 0.79 0.72 0.71 0.15 0.29 0.16 b.d.l. 0.04 0.39 0.03 b.d.l. 99.59 

12 K-II/3 42.68 35.02 6.70 4.13 1.89 3.49 1.33 0.99 1.10 1.05 0.64 0.66 0.14 0.39 0.13 b.d.l. 0.05 0.31 0.02 b.d.l. 99.83 

13 K-II/3 41.83 34.59 6.97 3.85 2.37 3.37 1.18 1.27 1.41 1.14 0.74 0.73 0.16 0.31 0.17 b.d.l. 0.05 0.43 0.02 b.d.l. 99.50 

14 K-II/3 39.51 34.21 6.59 4.41 3.55 3.22 1.38 1.72 1.91 0.70 0.64 0.59 0.84 0.45 0.57 0.31 0.03 0.26 0.04 0.01 99.26 

15 K-II/3 43.14 34.34 6.81 3.88 2.33 3.29 1.39 1.56 1.73 0.86 0.71 0.64 0.16 0.41 0.16 b.d.l. 0.04 0.29 b.d.l. b.d.l. 100.27 

16 K-II/3 43.11 34.01 6.73 4.01 2.01 3.47 1.30 1.35 1.50 1.09 0.61 0.63 0.14 0.35 0.12 b.d.l. 0.06 0.37 b.d.l. b.d.l. 99.58 

17 K-II/3 42.33 33.63 6.61 3.95 1.99 3.43 1.14 1.46 1.63 1.59 0.61 0.70 0.16 0.32 0.13 b.d.l. 0.06 0.55 0.02 0.01 98.92 

18 K-II/3 41.76 33.91 7.25 3.76 3.14 3.11 1.28 1.31 1.46 1.01 0.84 0.82 0.26 0.37 0.20 b.d.l. 0.04 0.32 0.02 0.01 99.73 

avr. det. lim. 0.06 0.02 0.12 0.11 0.09 0.12 0.23 0.06 0.06 0.02 0.09 0.28 0.08 0.13 0.07 0.15 0.01 0.03 0.02 0.01 -

Y2O3 P2O5 Dy2O3 Er2O3 Gd2O3 Yb2O3 Ho2O3 FeO Fe2O3 UO2 Tb2O3 Lu2O3 Sm2O3 Tm2O3 Eu2O3 Nd2O3 PbO SiO2 CaO ThO2 Total 

minimum 36.43 33.31 5.29 2.93 1.03 1.73 1.14 0.70 0.78 0.43 0.34 0.48 b.d.l. 0.25 0.12 b.d.l. 0.02 0.24 b.d.l. b.d.l. 96.97 

maximum 45.51 35.15 9.90 4.41 6.28 3.51 1.43 1.72 1.91 2.12 1.34 0.82 1.48 0.45 0.83 0.63 0.10 0.68 0.04 0.02 101.14 

arithmetic mean 41.15 34.40 7.17 3.82 3.20 3.11 1.30 1.23 1.37 1.00 0.79 0.67 0.46 0.32 0.32 0.14 0.05 0.37 0.02 0.01 99.70 

median 41.74 34.39 7.01 3.89 2.50 3.28 1.32 1.25 1.39 0.88 0.72 0.68 0.19 0.31 0.19 0.08 0.04 0.32 0.02 0.01 99.66 

standard deviation 2.46 0.50 1.07 0.38 1.62 0.51 0.08 0.25 0.28 0.44 0.26 0.09 0.43 0.06 0.24 0.16 0.02 0.13 0.01 0.01 0.87 



F – Atoms per formula unit (apfu) calculations in xenotime-(Y). 
 [the formulae were calculated to 4 oxygen and 2 cations] 

WDS point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Sample Point K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 K-II/3 

Y 0.81 0.79 0.66 0.67 0.61 0.63 0.73 0.68 0.72 0.73 0.74 0.75 0.73 0.68 0.76 0.75 0.73 0.72 

P 0.99 0.98 0.98 0.99 0.99 0.99 0.99 0.99 0.98 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.97 0.98 

Dy 0.06 0.06 0.11 0.11 0.09 0.09 0.08 0.08 0.07 0.08 0.08 0.07 0.08 0.07 0.07 0.07 0.07 0.08 

Er 0.04 0.04 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.04 

Gd 0.01 0.01 0.07 0.06 0.06 0.07 0.03 0.06 0.03 0.03 0.03 0.02 0.03 0.04 0.03 0.02 0.02 0.04 

Yb 0.03 0.04 0.02 0.02 0.03 0.03 0.04 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.04 0.04 0.03 

Ho 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Fe3+ 0.02 0.02 0.03 0.03 0.04 0.04 0.03 0.04 0.03 0.04 0.03 0.03 0.04 0.05 0.04 0.04 0.04 0.04 

U 0.01 0.03 0.01 0.01 0.02 0.01 0.01 0.01 0.03 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.02 

Tb 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Lu 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Sm 0.00 0.00 0.01 0.01 0.01 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 

Tm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Eu 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 

Nd 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Si 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 

Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 2.02 2.02 1.99 1.99 1.95 1.97 2.01 1.99 2.00 2.00 2.00 2.01 2.00 1.99 2.01 2.00 2.00 2.00 

REE 0.18 0.18 0.29 0.29 0.28 0.29 0.23 0.26 0.21 0.22 0.22 0.21 0.21 0.25 0.21 0.21 0.21 0.23 

G – Full REE fluorocarbonates WDS results. [wt.%; b.d.l. – below detection limit] 

WDS 
point

Sample 
point Ce2O3 La2O3 CaO F Nd2O3 Pr2O3 Y2O3 ThO2 Gd2O3 Sm2O3 FeO Fe2O3 SiO2 Al2O3 Dy2O3 SO3 P2O5 K2O SrO Na2O MgO Total 

1 C-X/46 27.70 14.47 7.00 7.68 10.89 2.94 3.10 - 2.23 1.97 0.87 0.97 0.29 0.38 0.76 1.30 0.20 0.06 0.31 0.10 b.d.l. 82.35 

2 C-X/46 27.84 14.50 7.23 8.00 10.61 3.00 3.09 - 1.91 1.97 1.10 1.22 0.49 0.31 0.75 1.31 0.18 0.08 0.35 0.11 b.d.l. 82.91 

3 C-X/46 26.27 12.97 5.95 7.65 9.36 2.66 2.39 - 1.48 1.63 3.62 4.02 1.86 1.66 0.47 2.06 0.16 0.21 0.38 0.19 0.13 81.29 

4 C-X/46 27.88 14.17 6.49 6.24 11.51 3.19 2.53 - 4.67 2.01 1.05 1.17 1.09 0.11 0.48 1.32 0.13 b.d.l. 0.20 b.d.l. b.d.l. 83.14 



5 C-X/46 25.67 12.24 7.58 6.26 9.61 2.69 2.28 - 1.62 1.87 4.04 4.49 2.08 1.96 0.50 1.10 0.12 0.08 0.23 b.d.l. 0.49 80.44 

6 C-X/46 21.29 10.48 8.76 5.03 8.14 2.28 1.99 - 0.93 1.41 5.68 6.31 6.66 4.69 0.45 0.89 0.15 0.07 0.22 b.d.l. 0.92 80.24 

7 C-X/46 28.30 13.50 6.53 6.01 11.24 2.98 3.03 - 4.45 1.98 0.50 0.56 0.41 b.d.l. 0.54 1.35 0.10 b.d.l. 0.28 b.d.l. b.d.l. 81.35 

8 C-X/46 27.17 14.05 7.02 8.13 10.03 3.00 3.65 - 1.93 1.83 1.28 1.42 0.56 0.35 0.82 0.96 0.14 0.04 0.26 b.d.l. 0.08 81.36 

9 C-X/46 27.31 13.84 6.64 5.82 10.10 2.93 4.13 - 1.73 1.94 1.81 2.01 0.79 0.59 0.78 1.23 0.14 0.04 0.26 b.d.l. 0.06 80.23 

10 C-X/46 22.37 11.55 7.35 7.39 8.45 2.50 2.99 - 1.64 1.67 5.96 6.63 5.94 3.81 0.64 1.18 0.14 0.04 0.29 0.11 0.47 84.53 

11 G-I/13 25.82 13.06 7.31 5.36 10.14 2.79 4.66 3.92 1.59 1.65 b.d.l. b.d.l. 2.76 0.93 0.61 0.39 0.11 0.06 0.24 0.34 b.d.l. 81.96 

12 G-I/13 27.63 13.59 7.15 6.55 10.56 2.85 3.93 5.03 1.38 1.66 0.14 0.15 10.85 3.95 0.64 0.74 0.14 0.10 0.23 1.09 b.d.l. 98.30 

13 G-I/13 29.32 15.14 6.22 6.06 13.50 3.36 2.13 2.29 2.01 2.19 0.53 0.59 0.11 0.08 0.21 0.58 b.d.l. 0.08 0.17 b.d.l. b.d.l. 84.26 

14 G-I/13 28.80 16.04 5.46 5.57 12.56 3.28 2.26 3.21 2.13 2.04 0.21 0.23 0.16 0.08 0.26 0.51 0.12 0.15 0.20 b.d.l. b.d.l. 83.22 

15 K-II/3 26.64 19.57 4.08 6.87 13.04 2.80 1.05 1.31 1.82 1.93 0.36 0.40 0.33 0.15 b.d.l. 0.37 b.d.l. 0.14 0.19 b.d.l. b.d.l. 80.83 

16 K-II/3 30.83 15.85 4.76 6.78 14.06 3.27 2.06 1.71 2.33 2.50 0.47 0.52 0.35 b.d.l. b.d.l. 0.45 b.d.l. 0.09 0.23 b.d.l. b.d.l. 86.04 

17 K-II/3 30.36 15.37 4.74 6.99 13.75 3.37 2.53 2.37 2.28 2.39 0.31 0.35 0.22 b.d.l. 0.29 0.60 0.12 0.09 0.16 b.d.l. b.d.l. 86.17 

18 K-II/3 29.94 17.32 4.21 7.45 14.00 3.30 1.59 1.87 1.88 2.20 0.50 0.55 0.31 0.12 b.d.l. 0.57 b.d.l. 0.10 0.16 b.d.l. b.d.l. 85.64 

19 K-II/3 28.62 14.20 5.03 6.62 13.48 3.16 2.73 1.85 2.14 2.33 0.29 0.32 0.67 0.09 b.d.l. 0.57 0.10 0.08 0.19 b.d.l. b.d.l. 82.59 

20 K-II/3 28.00 14.75 3.79 7.53 12.24 3.16 1.67 2.07 1.56 1.91 0.50 0.56 5.17 2.95 b.d.l. 0.55 0.06 0.21 0.15 b.d.l. 0.11 86.69 

21 K-II/3 29.63 20.54 5.72 4.51 15.17 3.29 0.68 0.17 1.49 1.74 0.26 0.29 1.93 0.08 b.d.l. 0.06 b.d.l. 0.08 b.d.l. b.d.l. b.d.l. 85.66 

22 K-II/3 23.33 11.09 5.96 9.13 9.90 2.54 2.32 3.20 4.06 1.65 2.76 3.07 2.03 0.94 0.39 0.49 0.13 0.30 0.19 0.05 0.15 80.85 

23 K-II/3 30.21 15.26 4.56 5.87 13.64 3.33 2.35 1.08 2.15 2.31 0.22 0.24 0.39 0.16 0.24 0.93 b.d.l. 0.11 0.16 b.d.l. b.d.l. 83.08 

24 K-II/3 30.45 14.69 5.03 7.66 13.10 3.60 2.45 1.94 2.27 2.37 0.22 0.24 0.12 0.08 0.33 1.49 0.10 0.16 0.16 b.d.l. b.d.l. 86.39 

25 K-II/3 29.66 16.04 5.28 7.68 12.29 3.30 2.39 1.50 2.03 2.03 0.28 0.31 0.25 0.12 0.35 1.50 b.d.l. 0.15 0.18 b.d.l. b.d.l. 85.21 

26 K-II/3 26.73 12.00 7.62 6.38 11.54 3.10 3.35 - 2.89 2.80 0.85 0.95 0.36 0.11 1.00 0.91 0.21 b.d.l. b.d.l. b.d.l. b.d.l. 80.00 

27 G-III/17 26.76 13.78 5.57 6.44 10.79 2.80 3.25 2.38 1.88 1.70 1.16 1.29 2.59 1.57 0.73 1.18 0.08 0.19 0.15 0.16 0.03 83.60 

28 G-III/17 26.51 14.20 8.28 7.97 11.30 2.82 3.58 3.28 2.04 1.89 1.42 1.57 2.33 1.77 0.79 0.26 0.08 0.08 0.13 b.d.l. 0.06 89.02 

29 G-III/17 22.01 11.25 8.99 5.10 9.50 2.61 3.34 2.04 1.70 1.46 1.87 2.07 7.19 4.94 0.64 0.38 b.d.l. 0.15 0.20 0.14 0.05 84.33 

30 G-I/13 24.23 12.27 9.39 7.13 10.46 2.65 3.66 2.79 4.32 1.96 0.96 1.06 1.16 0.70 0.74 0.40 0.06 0.13 0.16 b.d.l. b.d.l. 83.43 

31 G-I/13 26.78 13.80 9.56 9.32 12.50 3.00 4.18 2.89 2.41 2.16 1.45 1.61 0.93 0.44 0.94 0.26 0.06 0.12 0.17 b.d.l. 0.03 91.22 

32 G-I/13 27.18 13.37 10.97 8.79 11.88 2.85 3.30 3.17 2.17 2.00 0.98 1.09 1.78 0.82 0.88 0.45 b.d.l. 0.12 0.15 0.07 0.11 91.26 

avr. det. lim. 0.23 0.24 0.03 0.09 0.38 0.28 0.11 0.07 0.11 0.29 0.12 0.14 0.07 0.06 0.19 0.06 0.06 0.03 0.11 0.04 0.03 - 



Ce2O3 La2O3 CaO F Nd2O3 Pr2O3 Y2O3 ThO2 Gd2O3 Sm2O3 FeO Fe2O3 SiO2 Al2O3 Dy2O3 SO3 P2O5 K2O SrO Na2O MgO TiO2 Total

minimum 21.29 10.48 3.79 4.51 8.14 2.28 0.68 0.17 0.93 1.41 0.03 0.03 0.11 0.03 0.00 0.06 0.02 0.02 0.06 0.00 0.00 0.00 71.79 

maximum 30.83 20.54 10.97 9.32 15.17 3.60 4.66 5.03 4.67 2.80 5.96 6.63 10.85 4.94 1.00 2.06 0.21 0.30 0.38 1.09 0.92 0.27 86.65 
arithmetic 

mean 27.23 14.22 6.57 6.87 11.54 2.98 2.77 2.38 2.22 1.97 1.30 1.45 1.94 1.06 0.49 0.82 0.10 0.10 0.20 0.08 0.08 0.06 77.16 

median 27.47 14.11 6.51 6.82 11.41 2.99 2.63 2.29 2.02 1.96 0.86 0.96 0.86 0.37 0.49 0.67 0.10 0.09 0.19 0.01 0.00 0.04 77.09 
standard 
deviation 2.44 2.16 1.72 1.16 1.74 0.30 0.89 1.04 0.89 0.30 1.50 1.67 2.50 1.43 0.28 0.46 0.05 0.06 0.07 0.20 0.19 0.07 3.17 

H – Full plumbogummite WDS results. [wt.%; b.d.l. – below detection limit]

WDS point Sample 
point PbO Al2O3 P2O5 FeO Fe2O3 SiO2 Ce2O3 CaO La2O3 Nd2O3 ThO2 SO3 Y2O3 SrO Dy2O3 K2O Pr2O3 Total 

1 St. Johannes 
mine 32.36 26.00 22.02 3.66 4.06 5.18 1.85 2.15 1.02 0.72 0.41 0.44 0.13 0.17 0.12 0.05 b.d.l. 96.75 

2 St. Johannes 
mine 29.39 25.83 19.99 3.27 3.63 7.85 3.01 2.70 1.67 1.16 0.24 0.58 0.14 0.16 b.d.l. 0.07 0.26 96.76 

avr. det. lim. - 0.05 0.02 0.02 0.05 0.02 0.13 0.02 0.14 0.20 0.07 0.03 0.04 0.04 0.10 0.02 0.19 - 

 minimum 29.39 25.83 19.99 3.27 3.63 5.18 1.85 2.15 1.02 0.72 0.24 0.44 0.13 0.16 0.08 0.05 0.07 96.75 

 maximum 32.36 26.00 22.02 3.66 4.06 7.85 3.01 2.70 1.67 1.16 0.41 0.58 0.14 0.17 0.12 0.07 0.26 96.76 
arithmetic 

mean 30.87 25.92 21.00 3.46 3.85 6.51 2.43 2.43 1.34 0.94 0.32 0.51 0.14 0.16 0.10 0.06 0.17 96.75

I – ICP-MS results of the whole-rock samples 

Area Sample Depth 
ICP-MS (ppm) 

Total REE Fig.14 lines
Sc Y La Ce Pr Nd Eu Sm Gd Tb Dy Ho Er Tm Yb Lu 

G-I/13/01 146.80-146.89 17.90 42.40 18.50 43.90 6.00 26.90 2.37 7.23 8.73 1.39 8.18 1.61 4.24 0.50 2.84 0.39 193.08 

G-I/13/02 154.07-154.15 9.00 12.60 17.30 38.80 4.90 19.20 1.10 4.15 3.74 0.58 3.40 0.63 1.81 0.25 1.58 0.22 119.26 

G-I/13/03 154.15-154.25 10.10 16.70 25.80 52.20 6.20 23.60 1.09 4.65 3.99 0.60 3.52 0.67 1.88 0.26 1.64 0.24 153.14 

G-I/13/04 154.25-154.50 10.10 11.80 14.40 33.40 4.40 17.20 0.95 3.75 3.26 0.50 3.01 0.61 1.86 0.26 1.74 0.25 107.49 

G-I/13/05 154.50-154.71 9.90 21.00 25.50 54.70 6.60 24.80 1.36 5.05 4.79 0.73 4.41 0.86 2.44 0.35 2.26 0.33 165.08 

G-I/13/06 154.85-154.90 10.40 23.70 33.00 66.70 7.90 29.40 1.44 5.85 5.29 0.80 4.70 0.88 2.37 0.31 1.90 0.26 194.90 

G-I/13/07 155.64-155.74 10.00 11.80 14.10 32.70 4.30 16.70 0.94 3.54 3.13 0.48 2.93 0.60 1.77 0.26 1.73 0.24 105.22 

G-I/13/08 158.75-158.88 9.70 16.10 14.10 32.70 4.30 16.80 1.02 3.69 3.51 0.59 3.80 0.79 2.30 0.34 2.22 0.32 112.28 



G-I/13/09 158.88-159.00 15.90 25.50 43.30 86.90 10.10 37.50 1.81 7.25 6.31 0.94 5.52 1.02 2.72 0.35 2.11 0.29 247.52 

G-I/13/10 166.00-166.09 11.30 20.20 25.60 54.60 6.60 25.30 1.45 5.17 4.80 0.72 4.40 0.85 2.36 0.32 1.86 0.25 165.78 

G-I/13/11 166.35-166.50 9.20 18.10 25.00 54.00 6.80 26.20 1.51 5.28 4.74 0.72 4.40 0.86 2.36 0.31 1.78 0.23 161.49 

G-I/13/12 168.25-168.42 12.40 36.60 31.10 68.30 8.70 34.30 2.40 8.33 10.52 1.83 11.04 1.99 5.01 0.61 3.50 0.43 237.06 

G-I/13/13 175.35-175.41 19.90 30.50 52.50 105.80 12.30 45.10 2.09 8.27 7.03 1.03 6.31 1.22 3.42 0.46 2.87 0.38 299.18 

G-I/13/14 175.48-175.61 17.20 33.20 30.60 67.00 8.50 33.10 1.76 7.07 6.71 1.03 6.45 1.31 3.69 0.48 2.82 0.35 221.27 

G-I/13/15 183.16-183.33 16.60 31.60 42.40 85.00 10.10 37.10 1.75 7.08 6.30 1.02 6.52 1.29 3.49 0.44 2.62 0.35 253.66 

G-I/13/16 183.43-183.52 6.00 7.10 7.40 17.90 2.50 10.70 0.76 2.68 2.57 0.41 2.43 0.46 1.28 0.18 1.22 0.18 63.77 

G-I/13/17 191.70-191.83 10.50 14.80 18.30 42.20 5.70 22.40 1.11 4.85 4.34 0.65 4.00 0.80 2.24 0.30 1.97 0.28 134.44 

G-I/13/18 204.65-204.76 18.40 28.80 49.30 100.50 12.10 44.50 1.88 8.17 7.02 1.03 5.92 1.15 3.20 0.43 2.68 0.37 285.45 

G-I/13/19 207.55-207.69 17.40 23.50 41.40 85.50 10.20 37.90 1.99 7.19 6.39 0.93 5.27 0.99 2.64 0.34 1.89 0.25 243.78 

G-III/17 397.70-397.77 5.10 8.90 20.10 39.70 4.60 17.70 0.99 3.68 2.77 0.39 2.21 0.37 0.94 0.14 0.84 0.11 108.54 

G-VI/22 255.40-255.48 6.00 15.80 18.70 37.50 4.20 15.50 0.68 3.07 2.99 0.47 2.99 0.58 1.71 0.24 1.50 0.21 112.14 

G-VI/29/1 52.00-52.07 8.30 55.40 13.10 27.10 3.10 11.50 1.30 2.62 3.89 0.88 7.17 1.66 5.16 0.81 5.72 0.84 148.55 

G-VI/29/2 52.10-52.14 7.20 20.60 20.70 44.00 5.10 19.30 1.70 4.38 5.34 0.77 4.24 0.76 2.05 0.27 1.68 0.24 138.33 

G-VI/29/3 52.50-52.55 50.00 21.30 2.20 5.30 0.70 3.90 1.28 2.70 3.95 0.79 5.21 0.96 2.83 0.52 4.00 0.57 106.21 

G-VI/29/4 52.80-52.87 9.90 49.20 26.00 52.70 6.30 24.30 2.96 6.60 9.40 1.72 10.75 2.07 5.70 0.82 5.26 0.68 214.36 

K-II/3/01 203.95-204.05 15.20 25.10 38.80 83.00 9.80 36.60 1.54 6.91 5.91 0.86 5.01 0.99 2.90 0.43 3.11 0.50 236.66 

K-II/3/02 245.70-245.74 18.30 29.60 51.50 104.10 12.40 45.90 1.91 8.56 7.25 1.05 6.11 1.20 3.24 0.41 2.41 0.34 294.28 

K-II/3/03 270.90-270.97 16.10 31.80 43.10 88.60 10.40 38.80 2.06 7.37 6.66 1.03 6.33 1.27 3.66 0.49 3.11 0.43 261.21 

K-II/3/04 275.60-275.69 10.90 19.70 32.00 61.50 7.10 26.00 1.83 5.33 4.75 0.73 4.30 0.81 2.17 0.29 1.73 0.24 179.38 

K-II/3/05 314.60-314.66 14.10 28.00 42.00 84.30 9.90 37.10 2.08 7.55 6.59 0.98 5.67 1.11 3.13 0.45 2.78 0.39 246.13 

K-II/3/06 315.70-315.80 10.10 24.00 21.90 50.60 6.40 25.30 1.55 5.54 5.30 0.83 5.28 1.13 3.33 0.47 2.93 0.41 165.07 

K-II/3/07 251.2 3.80 21.50 11.50 27.20 3.80 17.70 1.83 6.75 7.14 1.13 5.96 1.00 2.54 0.33 2.10 0.29 114.57 

K-II/3/08 250.6 5.90 15.60 2.80 6.10 0.80 3.50 0.89 1.62 2.95 0.56 3.41 0.63 1.69 0.23 1.49 0.21 48.38 

K-III/6/01 326.20-326.25 15.80 30.70 42.70 85.80 9.90 37.20 2.89 7.06 6.61 1.02 6.20 1.17 3.14 0.45 2.75 0.39 253.78 

K-III/6/02 327.30-327.33 12.70 95.60 31.60 65.20 7.90 31.60 5.05 9.68 15.36 3.00 19.76 3.73 10.11 1.48 9.37 1.21 323.35 

K-III/6/03 327.60-327.64 15.60 38.40 56.80 114.20 13.20 49.70 4.62 9.84 8.64 1.29 7.76 1.48 4.03 0.54 3.22 0.43 329.75 

Orłowice quarry - 17.70 42.00 20.50 43.70 5.10 19.00 1.15 3.91 4.86 1.04 7.16 1.42 3.97 0.56 3.69 0.53 176.29 

St. Leopold/7 - 14.60 28.30 27.40 55.70 6.80 25.50 1.69 5.21 4.92 0.86 5.55 1.14 3.17 0.44 2.73 0.39 184.40 



St. Leopold/7B - 11.50 17.60 30.00 61.60 7.60 28.40 1.71 5.59 4.81 0.73 3.97 0.75 1.97 0.26 1.53 0.21 178.23 

St. Leopold/10 - 15.30 37.00 25.00 51.90 6.00 22.10 1.28 4.38 5.27 1.07 7.12 1.46 3.95 0.53 3.18 0.44 185.98 

St. Leopold/17 - 13.40 20.80 51.90 97.50 12.20 46.00 3.05 9.10 7.57 1.00 5.06 0.90 2.39 0.32 1.96 0.28 273.43 

St. Leopold/28 - 12.60 19.10 23.20 51.40 6.10 23.80 1.43 4.71 4.17 0.61 3.72 0.81 2.37 0.33 2.04 0.28 156.67 

St. Leopold/44A - 14.40 26.20 24.80 54.20 6.40 23.50 1.26 4.48 4.49 0.85 5.51 1.11 3.04 0.40 2.46 0.34 173.44 

St. Leopold/44B - 9.00 17.20 19.80 40.30 4.70 17.50 0.96 3.35 3.06 0.49 3.19 0.68 2.08 0.30 1.78 0.23 124.62 

St. Johaness/19 - <0.5 4.80 2.80 8.20 1.20 5.50 0.22 1.23 1.04 0.17 1.17 0.27 0.83 0.12 0.71 0.10 28.36 

St. Johaness/20 - <0.5 19.40 15.70 18.80 1.80 6.60 0.17 0.90 1.49 0.18 1.15 0.31 0.91 0.11 0.50 0.09 68.11 

St. Johaness/34 - 12.60 31.80 29.40 59.70 7.00 26.00 1.63 5.26 5.27 0.89 5.94 1.22 3.56 0.49 3.17 0.46 194.39 

St. Johaness/35 - <0.5 1.40 1.20 1.90 <0.5 0.80 <0.05 0.16 0.18 <0.05 0.15 <0.05 0.09 <0.05 0.06 <0.05 5.94 Not on the 
graphs

St. Johaness/49 - 10.90 21.00 23.30 49.50 5.80 21.50 1.21 4.30 3.82 0.59 3.85 0.83 2.52 0.36 2.35 0.33 152.16 

St. Johaness/54 - 9.60 30.50 23.90 49.50 6.00 22.60 1.38 5.07 4.97 0.86 5.73 1.17 3.37 0.46 2.87 0.38 168.36 

C-IV/16 211.10-211.14 13.50 26.50 40.70 80.70 9.50 36.30 2.61 7.48 6.07 0.90 5.29 1.04 2.92 0.42 2.56 0.37 236.86 

C-VI/26/1 249.40-249.45 13.10 31.80 42.10 83.30 9.90 37.10 3.42 7.56 6.61 1.04 6.44 1.26 3.43 0.46 2.71 0.38 250.61 

C-VI/26/2 249.50-249.58 11.00 27.00 34.10 66.90 8.00 30.20 4.66 7.06 7.08 1.12 6.38 1.13 2.95 0.38 2.31 0.33 210.60 

C-IX/41/1 201.80-201.82 9.10 6.40 12.80 25.40 2.90 11.30 0.61 2.41 2.07 0.29 1.57 0.29 0.81 0.12 0.82 0.12 77.01 

C-IX/41/2 202.20-202.25 6.40 3.60 8.50 16.80 1.90 7.70 0.48 1.57 1.29 0.18 0.90 0.16 0.42 0.06 0.43 0.06 50.45 

C-XI/51 51.70-51.77 11.20 7.40 33.60 67.00 7.90 30.10 1.81 5.70 4.09 0.45 1.98 0.32 0.91 0.13 0.85 0.13 173.57 

C-X/46/1 223.50-223.60 8.80 18.10 31.30 63.00 7.20 26.30 1.87 5.25 4.74 0.69 3.93 0.73 2.00 0.27 1.69 0.23 176.10 

C-X/46/2 223.50-223.60 18.00 27.10 43.10 86.80 10.10 38.60 1.80 7.52 6.70 0.98 6.20 1.17 3.32 0.47 2.98 0.43 255.27 

P-I/4/1 401.26-401.33 11.50 16.60 26.00 53.20 6.00 22.80 1.03 4.20 3.96 0.59 3.42 0.67 2.00 0.28 1.96 0.28 154.49 

P-I/4/2 401.13-401.21 6.60 9.00 17.60 35.80 4.00 15.00 0.67 2.90 2.63 0.37 1.92 0.36 1.07 0.16 1.04 0.14 99.26 

P-III/15/1 373.65-373.75 16.20 15.70 41.80 88.00 9.90 37.60 1.60 7.56 6.37 0.84 4.32 0.70 1.76 0.22 1.40 0.20 234.17 

P-III/15/2 272.07-272.18 18.30 34.60 42.80 87.80 10.20 39.30 1.96 7.81 7.11 1.09 6.70 1.34 3.88 0.54 3.29 0.48 267.20 

P-III/15/3 313.22-313.31 19.40 34.40 52.10 107.30 12.40 45.20 1.84 8.95 8.19 1.22 7.05 1.40 4.20 0.54 3.35 0.49 308.03 

P-III/15/4 310.14-310.23 44.20 26.20 24.10 55.40 7.20 32.10 1.71 7.79 7.96 1.16 6.43 1.11 2.76 0.31 1.66 0.20 220.29 



APPENDIX 2 

Analytical conditions of EPMA measurements

Element Signal WDS crystal Standard Peak and background time (s) 

Si Kα TAP Wollastonite 20 / 10 

Hf Mα TAP 47-ZrO2 Zirconia 20 / 10 

Al Kα TAP Orthoclase 20 / 10 

Y Lα LPET Xenotime 20 / 10 

Sr Lα LPET SrTiO3 20 / 10 

Lu Lβ LLIF Lu-glass 20 / 10 

Tm Lβ LLIF Tm-glass 20 / 10 

Ho Lβ LLIF HoPO4 20 / 10 

Yb Lα LLIF YbPO4 20 / 10 

Er Lα LLIF ErPO4 20 / 10 

Dy Lα LLIF DyPO4 20 / 10 

Fe Kα LLIF 34-Olivine 20 / 10 

Tb Lα LLIF Tb_Glass 20 / 10 

Gd Lα LLIF GdPO4 20 / 10 

Eu Lα LLIF EuPO4 20 / 10 

Sm Lα LLIF SmPO4 20 / 10 

As Lβ TAP Arsenopyrite 20 / 10 

Nd Lβ LLIF NdPO4 20 / 10 

P Kα LPET Apatite 20 / 10 

Zr Lα LPET ZrSiO4 20 / 10 

S Kα LPET BaSO4 20 / 10 

K Kα LPET Orthoclase 20 / 10 

Ca Kα LPET Wollastonite 20 / 10 

Th Mα LPET Th_Glass 20 / 10 

U Mβ LPET U_Glass 20 / 10 

Pb Mβ LPET Crocoite 20 / 10 

Used standard composition:    

 Wollastonite = O: 41.17%, Na: 0.01%, Mg: 0.01%, Si: 23.99%, Ca: 34.17%, Ti: 0.01%, Mn: 0.49%, Fe: 0.15%  
 47-ZrO2 Zirconia = O: 24.91%, Y: 14.37%, Zr: 59.17%, Hf: 1.51%  
 Orthoclase = O: 46.28%, Na: 1.01%, Al: 9.82%, Si: 30.43%, K: 12.19%, Ca: 0.01%, Ti: 0.01%, Mn: 0.01%, Fe: 0.02%, 

Sr: 0.04%, Ba: 0.13%  
 Xenotime = O: 31.7%, Si: 0.04%, P: 15.28%, Y: 33.62%, Nd: 0.14%, Sm: 0.67%, Eu: 0.43%, Gd: 3.8%, Tb: 0.83%, 

Dy: 6.4%, Er: 3.42%, Yb: 3.42%, Th: 0.14%  
 SrTiO3 = Sr: 47.74%, Ti: 26.10%, O: 26.16%  
 23_Lu-glass = O: 42.42%, Al: 6.75%, Si: 25.5%, Ca: 14.78%, Lu: 10.55%  
 21_Tm-glass = O: 42.55%, Al: 6.75%, Si: 25.5%, Ca: 14.78%, Tm: 10.42%  
 HoPO4 = Ho: 63.46%, P: 11.91%, O: 24.62%  
 YbPO4 = Yb: 64.56%, P: 11.56%, O: 23.88%  
 ErPO4 = Er: 63.78%, P: 11.81%, O: 24.41%  
 DyPO4 = Dy : 63.11%, P  : 12.03%, O: 24.86%  
 34-Olivine = O: 43.89%, Mg: 30.42%, Si: 19.44%, Mn: 0.08%, Fe: 5.87%, Ni: 0.3%  
 17_Tb_Glass = O: 42.85%, Al: 6.75%, Si: 25.5%, Ca: 14.78%, Tb: 10.12%  
 GdPO4 = Gd: 62.35%, P: 12.28%, O: 25.37%  
 EuPO4 = Eu: 61.54%, P: 12.54%, O: 25.92%  
 SmPO4 = Sm: 61.29%, P: 12.62%, O: 26.08%  



 Arsenopyrite FeAsS = Fe: 34.44%, As: 44.83%, S: 20.73%  
 NdPO4 = Nd: 60.30%, P: 12.95%, O: 26.75%  
 04-Apatite = O: 38.07%, F: 3.77%, P: 18.42%, Ca: 39.74%  
 ZrSiO4 (2) = O: 34.75%, Si: 15.24%, Zr: 49.1%, Hf: 0.91%  
 BaSO4 = O: 27.42%, S: 13.74%, Ba: 58.84%  
 2_Orthoclase = O: 46.31%, Na: 1.01%, Al: 9.82%, Si: 30.45%, K: 12.2%, Ca: 0.01%, Mn: 0.01%, Fe: 0.02%, Sr: 

0.04%, Ba: 0.13%  
 25_Th_Glass_2 = Al: 7.38%, Si: 27.19%, Ca: 15.72%, Th: 5.17%, O: 44.53%  
 26_U_Glass_2 = O: 45.00%, Al: 7.44%, Si: 27.59%, Ca: 16.11%, U: 3.86%  
 28_Crocoite = O: 19.8%, Cr: 16.09%, Pb: 64.11%  


