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ABSTRACT:

Nejbert, K., Bagiński, B., Kotowski, J., Jokubauskas, P., Jurewicz, E. and Macdonald, R. 2020. Chevkinite-
group minerals in Poland. Acta Geologica Polonica, 70 (1), 97–106. Warszawa.

The chevkinite group of minerals are REE,Ti-silicates increasingly recognized as widespread accessory phases 
in a wide range of igneous and metamorphic parageneses. Members of the group are here recorded from five 
localities in Poland: a two-pyroxene andesite from the Kłodzko-Złoty Stok intrusion, a trachyandesite intrusion 
north of the Pieniny Mountains, a rapakivi-type granite from the Krasnopol intrusion, an anorthosite from the 
Suwałki Anorthosite Massif, and nepheline syenite from the Ełk syenite massif. Specific members found are 
chevkinite-(Ce), perrierite-(Ce) and, potentially, the Al-dominant analogue of perrierite-(Ce). The case is made 
that chevkinite-group minerals will, through systematic investigation, be found in a wide range of Polish igneous 
and metamorphic rocks.

Key words: Chevkinite-group minerals;  Chevkinite-(Ce);  Perrieri te-(Ce);  Mineral  chemistry; 
Petrological significance; Poland.

INTRODUCTION

The chevkinite-group of minerals (CGM) com-
prises twelve members (Table 1). The composition 
of the two most common members, chevkinite and 
perrierite, can be represented by the general formula 
A4BC2D2(Si2O7)2O8, where A = REE, Ca, Sr, Th, 
B = Fe2+, C = Fe2+, Fe3+, Mg, Al, Zr, Ti, and D = 
Ti. Chevkinite tends to have higher Fe and REE, 
and lower Ca, Sr, Ti and Zr contents than perrierite. 
Members can contain up to 50 wt.% REE2O3, espe-
cially the LREE, and can also contain substantial 
amounts of Th, Zr, Nb and Sc. In recent years it has 
become increasingly clear that the CGM are acces-
sory phases in a very wide range of igneous and met-
amorphic rocks ranging from kimberlites through 
mafic to felsic types, granulites and gneisses, hy-
drothermal and pegmatitic rocks, skarns and ore 

depo sits (Macdonald and Belkin 2002; Vlach and 
Gualda 2007; Carlier and Lorand 2008; Belkin et al. 
2009; Macdonald et al. 2009, 2013, 2019; Bagiński 
and Macdonald 2013). Members of the group are 
known from hundreds of localities worldwide. In 
some rocks, for example Palaeogene granites in the 
Hebridean Igneous Province, UK, a CGM is the dom-
inant REE-bearing phase (Macdonald et al. 2013). 
In such rocks, the CGM can play an important role 
in determining trace element behaviour during frac-
tional crystallization and thus govern the potential of 
the system to build up large concentrations of these 
elements. Members of the group have also been used 
to determine the nature of hydrothermal fluids and in 
geochronological studies, as reviewed by Macdonald 
et al. (2019).

Any attempt to model the geochemical evolution 
of a rock suite on the basis of REE or other trace ele-
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ments must take account of the possible contribution 
of CGM. Yet, as Bagiński and Macdonald (2013) have 
stressed, CGM have not generally been systemati-
cally sought for, or have been overlooked, in rocks 
in which they are potential phases. In Poland, for ex-
ample, CGM have only been reported, in an abstract 
without documentation, in carbonatite veins from the 
Tajno massif, East European Platform (Pańczyk et 
al. 2015). We report here on the occurrence of CGM 
at five Polish localities (Text-fig. 1), where the host 

rocks have very different lithologies. We hope to en-
courage researchers to look for further occurrences.

SAMPLES AND ANALYTICAL METHODS

In our work, CGM are first sought using scanning 
electron microscopy, where their bright appearance 
makes them relatively easy to spot. Mineral compo-
sitions are then determined by electron microprobe 
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Text-fig. 1. Schematic geological maps illustrating localities in Poland where chevkinite occurrences have been documented. A – Main tectonic 
units in Poland (after Żelaźniewicz et al. 2011). B – Pieniny andesites (after Nejbert et al. 2012). C – Crystalline basement of the East European 

Platform (after Kubicki and Ryka 1982). D – Kłodzko-Złoty Stok granitic intrusion, Sudetes (after Mazur et al. 2006)



 CHEVKINITE-GROUP MINERALS IN POLAND 99

analysis at the Inter-Institute Analytical Complex at 
the IGMiP, Faculty of Geology, University of Warsaw, 
using a Cameca SX-100 microprobe equipped with 
four wavelength dispersive spectrometers. The accel-
erating voltage is 15 kV and the probe current is 20 
nA. The standards and X-ray lines used are given 
in Suppl. Table 1 available only in online version. 
Standard counting times are 20 s on peak and 10 s on 
each of two background positions. The ‘PAP’ Φ(ρZ) 
program (Pouchou and Pichoir 1991) is used for cor-
rections. Representative analyses are given in Table 2.

The most robust discriminant between chevkinite 
is the monoclinic β angle (~100º in chevkinite; ~113º 
in perrierite; Haggerty and Mariano 1983). However, 
to allow classifying the phases when no structural 
analysis is available, Macdonald et al. (2009) intro-
duced an empirical discriminant based on a plot of 
(CaO+SrO) against FeO* (where FeO* is total Fe 
as Fe2+). That classification scheme is followed here 
(Text-fig. 2).

KŁODZKO-ZŁOTY STOK INTRUSION, 
SUDETES, SOUTHWESTERN POLAND

The first recognition of a CGM in Poland was by 
Jokubauskas during his PhD studies (Jokubauskas 
2017); the occurrence was in the Myszak dyke, a 
two-pyroxene basaltic andesite in the Variscan 
Kłodzko-Złoty Stok intrusion in the Sudetes (Text-
fig. 1). The major minerals in the dyke are phenocrys-
tic plagioclase (An30–90), clinopyroxene and ortho-
pyroxene, with relics of olivine, in a groundmass of 
alkali feldspar, plagioclase (An30) and quartz. The 
accessory phases are apatite, zircon, ilmenite, spinel 
and chevkinite. The chevkinite is rare, occurring as 

fragmented, strongly oscillatory zoned crystals up to 
100 μm long (Text-fig. 3). The dark areas are proba-
bly hydrothermally altered.

Compositional data for the unaltered phase are 
given in Table 2. The mineral is chevkinite-(Ce), with 

Mineral Formula Reference
Chevkinite subgroup

Chevkinite-(Ce) (REE,Ca,Th)4(Fe2+,Mg)(Fe2+,Ti,Fe3+)2(Ti,Fe3+)2(Si2O7)2O8 Ito and Arem (1971)
Polyakovite-(Ce) (Ce,Ca)4(Mg,Fe2+)(Cr3+,Fe3+)2(Ti,Nb)2(Si2O7)2O8 Popov et al. (2001)
Maoniupingite-(Ce) (Ce,Ca)4(Fe3+,Ti,Fe2+,□)(Ti,Fe3+,Fe2+,Nb)4(Si2O7)2O8 Shen et al. (2005)
Dingdaohengite-(Ce) (Ce,La)4Fe2+(Ti,Fe2+,Mg,Fe3+)2Ti2(Si2O7)2O8 Xu et al. (2008)
Christofschäferite-(Ce) (Ce,La,Ca)4Mn(Ti,Fe3+)3(Fe3+,Fe2+,Ti)(Si2O7)2O8 Chukanov et al. (2012)
Delhuyarite-(Ce) Ce4Mg(Fe3+,W)3□(Si2O7)2O6(OH)2 Holstam et al. (2017)

Perrierite subgroup
Perrierite-(Ce) Ce4MgFe3+

2Ti2(Si2O7)2O8 Ito and Arem (1971)
Strontiochevkinite (Sr,La,Ce,Ca)4Fe2+(Ti,Zr)2Ti2(Si2O7)2O8 Haggerty and Mariano (1983)
Rengeite Sr4ZrTi4(Si2O7)2O8 Miyajima et al. (2001)
Matsubaraite Sr4Ti5(Si2O7)2O8 Miyajima et al. (2002)
Hezuolinite (Sr,REE)4Zr(Ti,Fe3+)4(Si2O7)2O8 Yang et al. (2012)
Perrierite-(La) (La,Ce,Ca)4(Fe,Mn2+,Mg)Fe3+

2(Ti,Fe3+)2(Si2O7)2O8 Chukanov et al. (2011)

Table 1. Members of the chevkinite-group of minerals accepted by the CNMNC-IMA

Text-fig. 2. (CaO+SrO) – FeO* discrimination plot, after Macdo-
nald et al. (2009). Point analyses are those listed in Table 2 and 

marked on the relevant figures
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Locality Kłodzko-Złoty Stok 
intrusion

Mt Wżar, north 
of Pieniny Mts.

Suwałki Anorthosite Massif, 
Udryn area

Krasnopol intrusion, 
NE Poland Ełk intrusion

Rock type  basaltic andesite andesite gabbronorite granitoid syenite
Analysis point 1 2 3 x1 x2 x1 x2 x3 x47 x50 x8 x9 x10 x33 x44
wt%

P2O5 bd 0.06 bd 0.08 bd bd 0.03 bd – – – – – bd bd
SiO2 19.26 19.35 19.17 22.64 19.53 21.35 20.48 24.02 20.19 20.37 20.45 20.40 20.48 18.29 18.68
TiO2 17.70 17.81 17.24 16.03 17.28 19.43 18.18 16.43 17.58 18.23 17.15 17.06 16.88 16.68 17.54
ZrO2 0.43 0.80 0.51 1.50 1.69 3.93 2.25 2.17 0.39 0.56 1.53 1.71 1.23 0.10 0.39
ThO2 0.98 0.65 0.49 0.82 1.29 0.95 2.52 2.06 3.16 2.06 3.46 3.65 3.69 1.48 0.57
Nb2O5 0.23 0.14 0.22 1.10 1.28 0.18 0.14 bd 0.00 0.13 0.47 0.42 0.44 0.52 0.45
UO2 0.20 0.16 0.12 0.09 bd 0.10 0.07 0.34 0.00 0.00 0.31 0.24 0.26 – –
Ta2O5 bd 0.12 0.07 0.05 0.11 0.05 0.11 0.08 0.16 0.14 0.06 0.11 0.15 0.09 0.13
Al2O3 0.84 0.77 0.88 2.33 1.23 4.66 4.61 6.33 3.67 3.43 4.29 4.32 4.29 0.04 0.03
Sc2O3 0.26 0.18 0.17 – – 0.49 0.45 0.37 0.27 0.31 0.10 0.12 0.12 0.02 –
Y2O3 1.33 1.52 1.34 0.46 0.43 0.37 0.62 0.33 0.20 0.28 0.98 1.02 1.01 0.13 0.181
La2O3 10.82 11.55 11.62 14.66 14.94 8.74 8.78 8.49 8.54 9.66 9.24 9.48 9.30 20.52 19.36
Ce2O3 20.79 20.67 21.73 19.73 19.87 16.01 17.08 15.35 17.01 19.01 17.47 17.04 17.43 22.30 22.34
Pr2O3 1.90 1.94 1.73 1.45 1.23 1.64 1.83 1.79 1.35 1.37 1.53 1.24 1.30 1.45 1.70
Nd2O3 6.26 5.86 6.66 3.50 3.86 4.68 5.57 5.29 5.90 5.68 5.07 5.32 5.19 3.54 4.02
Sm2O3 0.88 0.58 0.68 0.29 bd 0.16 0.58 0.43 0.52 0.31 0.54 0.75 0.78 – 0.41
Gd2O3 0.74 0.41 0.62 0.29 bd 0.33 0.49 0.27 0.24 0.40 0.45 0.46 0.35 – 0.41
MgO 0.35 0.32 0.37 0.38 0.37 0.45 0.65 0.54 0.81 0.90 0.74 0.70 0.75 0.09 0.11
CaO 3.19 3.47 2.78 3.38 3.48 8.96 6.63 6.75 4.86 5.10 5.84 5.67 5.43 0.84 1.05
MnO 0.11 0.09 0.13 0.24 0.41 0.08 0.08 0.13 0.00 0.00 0.09 0.12 0.11 2.29 2.18
FeO* 9.90 9.70 10.04 9.65 10.67 4.89 6.15 5.28 7.16 6.93 6.02 6.36 6.38 9.46 9.22
BaO 0.18 bd bd 0.17 0.15 bd 0.07 0.31 – – – – – bd bd
Na2O bd bd bd 0.15 bd bd bd bd – – – – – – bd
Total 96.35 96.15 96.57 98.99 97.82 97.45 97.37 96.76 92.01 94.86 95.79 96.19 95.55 97.84 98.76
Σ REE2O3 42.72 42.53 44.38 40.38 40.33 31.93 34.33 31.95 33.56 36.44 34.30 34.28 34.34 47.81 48.23

Formulae on 22 oxygen basis
Ca 0.724 0.783 0.633 0.713 0.768 1.810 0.239 1.356 1.078 1.106 1.251 1.212 1.169 0.196 0.242
Ba 0.015 0.000 0.000 0.013 0.012 0.000 18.207 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.000 0.000 0.000 0.057 0.000 0.000 0.000 0.000 – – – – – – 0.000
La 0.845 0.898 0.911 1.065 1.135 0.608 0.109 0.587 0.653 0.721 0.681 0.698 0.689 1.658 1.533
Ce 1.612 1.595 1.691 1.423 1.499 1.105 0.211 1.054 1.291 1.409 1.278 1.246 1.282 1.788 1.756
Pr 0.147 0.149 0.134 0.104 0.092 0.113 0.022 0.122 0.102 0.101 0.111 0.090 0.095 0.115 0.133
Nd 0.473 0.441 0.505 0.246 0.284 0.315 0.067 0.354 0.437 0.410 0.362 0.379 0.372 0.277 0.308
Sm 0.064 0.042 0.050 0.020 0.000 0.010 0.007 0.028 0.037 0.022 0.037 0.052 0.054 – 0.030
Gd 0.052 0.029 0.044 0.019 0.000 0.021 0.005 0.017 0.016 0.027 0.030 0.030 0.024 – 0.029
Y 0.150 0.170 0.152 0.048 0.047 0.037 0.011 0.033 0.022 0.030 0.104 0.108 0.108 0.015 0.021
Th 0.047 0.031 0.024 0.037 0.060 0.041 0.019 0.088 0.149 0.095 0.157 0.166 0.169 0.074 0.028
U 0.009 0.008 0.006 0.004 0.000 0.004 0.001 0.014 0.000 0.000 0.014 0.011 0.011 – –
Sum A 4.138 4.146 4.148 3.749 3.898 4.063 18.898 3.658 3.786 3.922 4.026 3.992 3.973 4.124 4.079
Fe2+ 1.000 1.000 1.000 1.000 1.000 0.771 1.000 0.828 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Mn 0.000 0.000 0.000 0.000 0.000 0.013 0.000 0.021 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.000 0.000 0.000 0.000 0.000 0.126 0.000 0.151 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sum B 1.000 1.000 1.000 1.000 1.000 0.910 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fe2+ 0.753 0.709 0.784 0.589 0.838 0.000 0.004 0.000 0.241 0.172 0.006 0.062 0.076 0.733 0.654
Mn 0.020 0.016 0.023 0.040 0.072 0.000 0.002 0.000 0.000 0.000 0.015 0.021 0.019 0.425 0.397
Mg 0.110 0.100 0.117 0.112 0.114 0.000 0.033 0.000 0.251 0.271 0.221 0.209 0.223 0.028 0.036
Nb 0.022 0.013 0.021 0.098 0.119 0.015 0.002 0.000 0.000 0.012 0.042 0.038 0.040 0.052 0.044
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Ti dominant in the C site. There are minor amounts 
of Al (≤0.21 a.p.f.u.), Mg (≤0.11 a.p.f.u.) and Zr (≤0.06 
a.p.f.u.). The average formula is:

[(Ce1.63La0.88Ca0.71Nd0.47Y0.16Pr0.14)3.99
Fe2+(Ti0.79Fe2+

0.75Al0.21Mg0.11Zr0.06)1.92
Ti2(Si2.03O7)2O8].

MT WŻAR, NORTH OF PIENINY MTS., 
OUTER CARPATHIANS, SOUTHERN POLAND

Chevkinite-group minerals have been documen ted 
during petrological studies of small-volume intrusions 

of andesites occurring in the Outer Carpathians in 
Poland (near the Pieniny Mts.) and in similar rocks 
occurring in Moravia in the Uherski Brod region 
(Nejbert et al. 2012, 2013; Macdonald et al. 2018). 
Larger amounts of CGM were found in alkaline andes-
ite in Moravia (Nejbert et al. 2013; Macdonald et al. 
2018), while in Poland CGM occur in small amounts in 
the form of microcrystals in the matrix of a hornblende 
trachyandesite from Wżar Mt. (Text-fig. 1).

Text-fig. 4 is a BSE image of chevkinite in a 
Miocene trachyandesite intrusion at Wżar Mt. near 
the Pieniny Mountains. The phase is very rare: so far, 
only one crystal has been identified, occurring as a 
lath interstitial to plagioclase in a trachyandesite con-
taining large (from 0.5 to 4 cm in diameter) clinopy-
roxene, hornblende and plagioclase phenocrysts. The 

Locality Kłodzko-Złoty Stok 
intrusion

Mt Wżar, north 
of Pieniny Mts.

Suwałki Anorthosite Massif, 
Udryn area

Krasnopol intrusion, 
NE Poland Ełk intrusion

Rock type  basaltic andesite andesite gabbronorite granitoid syenite
Analysis point 1 2 3 x1 x2 x1 x2 x3 x47 x50 x8 x9 x10 x33 x44

Ta 0.000 0.007 0.004 0.003 0.006 0.003 0.001 0.004 0.009 0.008 0.003 0.006 0.008 0.005 0.008
Zr 0.044 0.082 0.053 0.144 0.170 0.361 0.037 0.198 0.040 0.055 0.149 0.166 0.121 0.010 0.040
Al 0.210 0.191 0.220 0.541 0.299 1.035 0.183 1.399 0.897 0.817 1.011 1.017 1.015 0.010 0.007
Ti 0.818 0.822 0.755 0.374 0.677 0.754 0.669 0.315 0.739 0.775 0.578 0.561 0.563 0.748 0.831
Sum C 1.978 1.942 1.978 1.900 2.294 2.169 0.931 1.916 2.177 2.110 2.026 2.081 2.066 2.011 2.017
D (= Ti) 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
Si 4.078 4.077 4.073 4.458 4.023 4.024 0.689 4.503 4.184 4.123 4.087 4.073 4.116 4.006 4.009
P 0.000 0.011 0.000 0.013 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sum T 4.078 4.088 4.073 4.472 4.023 4.024 0.690 4.503 4.184 4.123 4.087 4.073 4.116 4.006 4.009
Cations 13.19 13.18 13.20 13.12 13.22 13.17 23.52 13.08 13.15 13.15 13.14 13.15 13.16 13.14 13.11

Table 2. Compositions of chevkinite-group minerals from Polish localities. Analysis points as marked on relevant figures. FeO*, all Fe as Fe2+;  
bd indicates below detection limit; – indicates not determined

Text-fig. 3. BSE images of complexly zoned, hydrothermally al-
tered and fractured chevkinite-(Ce) from the Kłodzko-Złoty Stok 
intrusion. The point analyses marked in pink are given in Table 2. 

Abbreviations: Chev – chevkinite

Text-fig. 4. Chevkinite-(Ce) in (trachy)andesite intrusion, Wżar 
Mt., in the vicinity of Pieniny Mts. The point analyses marked in 
pink are given in Table 2. Abbreviations: Amph – amphibole, Cb – 
carbo nate mineral (dolomite), Chev – chevkinite-(Ce), Fsp Na-K 
– Na-K feldspar, Fsp Na-Ca – sodic plagioclase, Mag – magnetite, 

Pl – plagioclase, VG – volcanic glass
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rock matrix is dominated by small sodic plagioclases, 
Na-K feldspars, quartz, Ti-magnetite and ilmenite, 
with accessory apatite and zircon. Two point analy-
ses are presented in Table 2, showing that the phase 
is chevkinite-(Ce). Analysis 2 has a slight deficiency 
in the A site (3.7 a.p.f.u.), suggesting some secondary 
hydration, and excess Si (4.4 a.p.f.u.) related to beam 
contamination. In analysis 1, Fe is dominant in the 
C site where there are moderate amounts of Al (0.30 
a.p.f.u.), Zr (0.17 a.p.f.u.) and Mg (0.11 a.p.f.u.). The 
formula is:

[(Ce1.50La1.14Ca0.77Nd0.28Pr0.09Th0.06Y0.05)3.9
Fe2+(Fe2+

0.84Ti0.68Al0.30Zr0.17Nb0.12Mg0.11)2.2
Ti2(Si2.01O7)2O8].

SUWAŁKI ANORTHOSITE MASSIF, MAZURY 
COMPLEX, NORTEASTERN POLAND

The tectonic setting of the Mesoproterozoic 
mag matism of the Mazury Complex, NE Poland, is 
thought to be an E-W trending belt of post-collisional 
provenance (Text-fig. 1). Several intrusions of anoro-
genic character, including rapakivi-type granites and 
anorthosite-norite massifs (Suwałki, Sejny, Kętrzyn) 
have been identified (Kubicki and Ryka 1982). The 
anorthosite-norite rocks of Suwałki were part of the 
oldest magmatic episode in the complex and have 
been dated (Re-Os on Ti-magnetite and sulphides) at 
1599±37 Ma and 1569±94 (Stein et al. 1998; Morgan 
et al. 2000; Wiszniewska 2002).

Chevkinite-group minerals are present in both the 
Krasnopol granite intrusion (see below) and Suwałki 
Anorthosite Massif. Text-fig. 5A, B are BSE images 
of a CGM in gabbronorite from the Udryn-4 borehole 
in the Suwałki intrusion. The small (~10 μm) anhe-
dral grain in Text-fig. 5B is associated with ilme nite, 
baddeleyite and pyrrhotite. In Text-fig. 5C, it forms 
a prism enclosed in alkali feldspar and a slightly 
rounded grain associated with ilmenite. Also present 
is an unidentified Ti-Fe-Zr phase.

The high Al2O3 contents of the Suwałki phase 
(4.61–6.33 wt.%; Table 2) result in Al being the dom-
inant cation in the C site (1.03–1.37 a.p.f.u.), which 
potentially makes it the Al-dominant analogue of 
perrierite-(Ce). This, therefore, is a particularly in-
teresting locality: such highly aluminous CGM have 
previously been recorded only from high-grade met-
amorphic rocks of Antarctica (Harley 1994; Hokada 
2007; Belkin et al. 2009). The high Al is very proba-
bly related to its occurrence in anorthosite.

The textural position of the CGM indicates that 
their growth was related to K-feldspar exsolution 

Text-fig. 5. BSE images of perrierite-(Ce) from gabbronorite of the 
Suwałki Anorthosite Massif. A-B – Anhedral perrierite-(Ce) and 
associated ilmenite, baddeleyite and pyrrhotite attached to alkali 
feldspar in gabbronorite. C – Perrierite-(Ce) prism enclosed in al-
kali feldspar, gabbronorite. The phase marked Ti-Fe-Zr is unidenti-
fied. The rounded grain at the bottom marked Perr (perrierite) has 
been identified from its EDS spectrum. The point analyses marked 
in pink are given in Table 2. Abbreviations: Ap – apatite, Bad – bad-
deleyite, Cpx – clinopyroxene, Fe-Ti – magnetite and/or ilmenite, 
Ilm – ilmenite, Kfs – K feldspar, Perr – perrierite-(Ce), Pl – pla-
gioclase, Po – pyrrhotite, Qz – quartz, Ti-Fe-Zr – unidentified min-

eral with Fe, Ti, and Zr in the structure
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from plagioclase (Text-fig. 5A–C), occurring just 
after the solidification of anorthosite melts, proba-
bly at depths of 10 to 20 km (Ashval 1993). Thus, 
recrystallization of feldspars took place under P-T 
conditions typical of the granulite facies. These con-
ditions are commonly recorded in contact aureoles 
around anorthosite massifs (Maijer 1981; Åreback 
and Andersson 2002; Westphal et al. 2003). Similar 
P-T conditions were confirmed during an experi-
mental study of crystallization of magmatic jotunite 
from the Rogaland Anorthosite Complex (Vander 
Auwera and Longhi 1994).

KRASNOPOL INTRUSION, MAZURY 
COMPLEX, NORTHEASTERN POLAND

The Krasnopol granitoid intrusion is located 
between the Suwałki Anorthosite Massif and the 
Sejny Massif, in whose central part there are small 
magmatic intrusions of anorthosite and ferrodi-
orite/jotunite (Text-fig. 1). The Krasnopol monzo-
diorite/granodiorite has a U-Pb zircon age close to 
1525±4 Ma (Dörr et al. 2002). Magmatic rocks of 
the Sejny Massif also represent an early magmatic 
episode in the Mazury Complex, and the monzodio-
rites (jotunites) have been dated from 1549±5 Ma to 
1519+17/-12 Ma by the U-Pb method on single crys-
tals (Gawęda et al. 2005).

The magmatic rocks of the Krasnopol intrusion, 
made available by Krasopol PIG-6 drilling, are sim-
ilar to rocks from the Pawłówka PIG-1, Filipów IG-1 
and Bartoszyce IG-1 boreholes (Bagiński et al. 2001; 
Dörr et al. 2002). Petrographically and geochemi-
cally, they are a diverse set of granitoids with phyric 
texture whose systematic nomenclature varies from 
monzodiorite to granodiorite; however, many of the 
samples are quartz monzodiorites and quartz mon-
zonites (Bagiński et al. 2001; Dörr et al. 2002). The 
SiO2 contents of the Krasnopol rocks vary from 51.6 
to 61.1 wt.%. They are metaluminous, with the geo-
chemical characteristics of A-type granitoids (Ba-
giński et al. 2001; Dörr et al. 2002).

Ongoing studies by KN and JK of rocks from 
the Krasnopol 6 borehole, from the central part 
of the Krasnopol granitoid intrusion, are showing 
that they contain abundant CGM. Crystals are up 
to 400 mm in size and vary in form from ragged 
anhedral grains (Text-fig. 6A) to subhedral plates 
(Text-fig. 6B). A notable feature is that crystals are 
commonly hydrothermally altered; on BSE images 
high-Z cores are mantled by patchy grey altered 
zones (Text-fig. 6). The low analytical totals (92.02–

96.19 wt.%) and the small deficiencies in the A site 
(3.79–4.02 a.p.f.u.) almost certainly indicate that the 
crystals have been secondarily hydrated (Table 2). 
The CGM grains from the Krasnopol granitic in-
trusion are perrierite-(Ce) (Text-fig. 2) and like the 
Suwalki CGM are unusual in being the Al-dominant 
analogue of the mineral.

EŁK SYENITE MASSIF, CRYSTALLINE 
BASEMENT OF EAST EUROPEAN PLATFORM, 
NORTHEASTERN POLAND

Chevkinite-group minerals are rather common 
in syenites of the Carboniferous Ełk syenite mas-
sif (ESM) (Krzemińska et al. 2006; Demaiffe et al. 

Text-fig. 6. BSE images of CGM in the Krasnopol granitic intru-
sion. A – Ragged, elongated plate with a bright (high Z) core of 
perrierite-(Ce), with a patchily zoned mantle of altered perrierite. 
B – Subhedral plate of perrierite-(Ce) with patchily zoned rim of 
altered material. The point analyses marked in pink are given in 
Table 2. Abbreviations: Amph – amphibole, Alt. Perr – altered per-
rierite, Ap – apatite, Ccp – chalcopyrite, Mag – magnetite, Perr – 

perrierite-(Ce), Pl – plagioclase, Po – pyrrhotite
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2013), which occurs in the crystalline basement of 
NE Poland and is buried under a thick (600–800 m) 
Meso-Cenozoic cover (Ryka 1994). The analyzed 
samples were collected from core material and are 
representative of the central part of the Ełk syenite 
massif (Krystkiewicz and Ryka 1994). The crystals 
in Text-fig. 7 occur in a medium-grained nepheline 
syenite with dispersed intergrowths of aegirine. In 
Text-fig. 7A chevkinite-(Ce) forms an arcuate aggre-
gate, totalling ca. 320 μm in length, elongated along 
the boundaries between alkali feldspar crystals. One 
grain in Text-fig. 7B is prismatic, partly resorbed 
and some 105×45 μm in size. It includes a rounded, 
dark grey crystal, so far unidentified. The other grain 
is ragged, platy, and 130×105 μm in size. The platy 
grain is subtly zoned from brighter (higher Z) to 
lower areas of brightness. It is overgrown by allanite.

Representative compositions are given in Table 2. 
The mineral is chevkinite-(Ce), with Ti dominant in 
the C site. The main substituents are Mn, Nb, Th 
and Zr. The MnO contents are relatively high for 
chevkinite: in their compilation of 164 analyses of 
chevkinite, Macdonald et al. (2019) found the average 
abundances to be 0.54±0.67 wt.% MnO. The average 
formula can be written as:

[(Ce1.81La1.38Nd0.33Ca0.29Th0.07)3.9 
Fe2+(Ti0.84Fe2+

0.66Mn0.41Nb0.05Zr0.05)2.0
Ti2(Si2.0O7)2O8].

The detailed relationships between textural type, 
composition and zonation merit our ongoing detailed 
study of the Ełk CGM.

CONCLUDING REMARKS

We stress that these reports are not a result of a 
systematic search for CGM. Rather, being aware of 
their possible existence in various suites that we were 
studying, the CGM were identified quickly. This 
gives us confidence that CGM are present in a wide 
range of Polish rocks, including further examples 
from the Variscan granitoids, the Carboniferous in-
trusions of Mazury, and the AMGC suites of Mazury. 
A CGM has recently been found in the Žermanice sill 
in the Czech segment of the teschenitic association 
of southern Poland-Czech Republic (Matýsek et al. 
2018), and must surely also be present in the Polish 
segment. Other potential occurrences are in the 
granulite facies rocks of the East European Craton, 
and the volcanic rocks associated with the Variscan 
granitoid intrusions in SW Poland. As this work has 
shown, CGM are not restricted to alkaline igneous 
rocks, as commonly supposed.
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Supplementary-table 1. Analytical details of EPMA (CAMECA SX100)

Element Line Crystal Standard Detection limit
(wt.%)

Al Ka TAP orthoclase 0.008
Ba La LiF baryte 0.114
Ca Ka PET CaSiO3 0.008
Ce Ka PET CeP5O14 0.053
Dy Lb LiF REE1* 0.312
Eu Lb LiF REE2* 0.263
Fe Ka LiF hematite 0.034
Gd Lb LiF GdP5O14 0.126
Hf Ma TAP Hf-SPI 0.033
La La PET LaB6 0.052
Mg Ka TAP diopside 0.006
Mn Ka LiF rhodonite 0.036
Na Ka TAP albite 0.012
Nb La PET Nb metal 0.054
Nd Lb LiF NdP5O14 0.121
P Ka PET Apatite Jap2 0.014
Pr Lb LiF PrP5O14 0.119
Sc Ka PET Sc metal 0.01
Si Ka TAP CaSiO3 0.006

Sm Lb LiF SmP5O14 0.115
Sr La TAP SrTiO3 0.027
Ta Ma TAP Ta metal 0.036
Tb La LiF REE4* 0.144
Th Ma PET ThO2 synthetic 0.086
Ti Ka PET rutile 0.016
U Mb PET vorlanite (CaUO4) 0.077
Y La TAP Y3Al5O12 0.028

Yb La LiF REE3* 0.136
Zr La PET Zircon ED2** 0.051

* the acronyms REE1-4 refer to glasses containing REE (for details see Jarosewich and Boatner 1991); ** zircon standard from the Gogołów 
-Jordanów serpentinite massif  (for details see  Dubińska et al. 2004).


