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Introduction

Liandratite, with the ideal formula  U6+(Nb,Ta)2O8, is a rare 
mineral, first described from the granitic pegmatite Antsa-
koa I in Madagascar by Mücke and Strunz (1978), where 
it is an oxidation product of the isostructural petschekite 
 U4+Fe2+(Nb,Ta)2O8. Both phases are metamict and after 
heating they yield products with X-ray powder diffraction 
(XRD) patterns similar to that of synthetic  U6+Ta2O8 (Gas-
perin 1960), implying the P3̄1m space group.

Since its first description as a new mineral species, 
liandratite has only been mentioned by several authors 
(Lumpkin and Ewing 1996; Lumpkin 2001; Kristiansen 
2006; Abd El-Naby 2009; Galliski et al. 2009; Matyszc-
zak 2013, 2014), while chemical data seem to have been 
presented only by Lumpkin and Ewing (1996). The latter 
authors found liandratite as a weathering product of betafite 
(□,U4+)2Ti2O6(O,OH,F) and analyses revealed that the 
chemical composition of liandratite is no less complex than 
those of the other Nb-Ta-Ti oxides.

Liandratite shows a strong compositional similarity to 
the U-rich member of the pyrochlore group – uranopyro-
chlore (□,U4+)2Nb2O6(O,OH,F) (Atencio et al. 2010); how-
ever, it has a different U oxidation state. Unfortunately, to 
the author’s knowledge, uranopyrochlore is still a rather 
theoretical member of the pyrochlore group because there 
is currently no species fulfilling the classification criteria 
proposed by Atencio et al. (2010) for this mineral. Only one 
analysis in the literature satisfactorily meets the dominant 
valence rule regarding the U content in the A-site: analy-
sis 9 from Chibiny (Chakhmouradian and Mitchell 2002). 

Abstract The chemical composition of liandratite, 
 U6+(Nb,Ta)2O8, was determined from material collected in 
Niobium, Yttrium, Fluorine type (NYF) pegmatites of the 
Karkonosze intrusion (Sudetes, SW Poland). Liandratite 
occurs mainly as rims, up to 40 µm thick, and fracture infill-
ings in fergusonite-(Y) and other Nb-Ta-Ti minerals. Its for-
mation was related to the fluid-driven alteration of primary 
minerals by three potential mechanisms: (i) direct replace-
ment of a primary mineral by liandratite; (ii) breakdown of 
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composition of minerals of the pyrochlore group; (iii) mul-
tistage alteration, which involved: removal of A-site cations 
(mostly Y + REE with the exception of  U4+) and formation 
of phases with the composition of pyrochlore group miner-
als; then crystallization of U-, Bi-, Pb-rich pyrochlores and 
their replacement by liandratite. The chemical compositions 
of liandratite formed by the breakdown of different primary 
minerals are also different, mainly in their U, Ti and Nb 
contents. Excess Ti, relative to the  U6+Nb2O8 end-member, 
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The Ti content of liandratite, and partially through this the U 
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“Uranopyrochlore” from the Nechalacho REE deposit 
(Timofeev and Williams-Jones 2015) can be classified as 
calciopyrochlore from the prevalent amount of  2+-valence 
group cations. Additionally, a single U-rich member of the 
betafite group, classified as oxyuranobetafite, was described 
by Mokhov et al. (2008). This paper presents new chemi-
cal analyses of liandratite from Karkonosze pegmatites and 
summarizes the available data on this phase in terms of its 
chemical similarity to the U-rich pyrochlore-betafite solid 
solutions.

Geological setting

Granite

Karkonosze is a Variscan granitoid pluton located on the 
northeastern edge of the Bohemian Massif (Fig. 1). It is 
a postcollisional type pluton, composed mainly of peralu-
minous, calc- to sub-alkaline granite and considered to be 
an I- to transitional I/S-type (Mikulski 2007). According to 
Słaby and Martin (2008) most of the pluton is a product of 
mixing of acidic crustal melts with mantle-derived mafic 
melts. Mixing, hybridization and fractional crystallization 
were involved in the evolution of the pluton.

The pluton is formed of several varieties of granitoids, 
among which four main types can be distinguished in the 

Polish part: (i) Porphyritic coarse- to medium-grained 
granite is characterized by the presence of K-feldspar phe-
nocrysts a few cm in size, often mantled by albite or oligo-
clase, with subordinate hornblende. Traditionally, it has been 
called the central granite in the Polish section of Karkon-
osze (Borkowska 1966) and is subdivided into the Jizera 
and Liberec types in the Czech part (Žák and Klomínský 
2007). (ii) Equigranular, medium-grained biotite granite (the 
Harrachov type; Žák and Klomínský 2007) is composed of 
K-feldspar, quartz, plagioclase and depleted in hornblende. 
This variety occurs mainly in the middle of the intrusion and 
also in the eastern part. (iii) Fine-grained biotite granite is 
very similar to variety (ii) in composition; this rock is often 
called the ridge (Borkowska 1966) or Karkonosze gran-
ite (Žák and Klomínský 2007). (iv) A subordinate variety 
granophyric granite is present as small bodies near Jelenia 
Góra and builds the middle part of the Rudawy Janowickie 
ridge near Strużnica (Borkowska 1966). In addition to these 
four main granitoid types, the two-mica granite of Tanvald 
type (v) is present in the southwestern part of the pluton 
and the Fojtka granodiorite (vi) is hosted in the porphyritic 
variety (between the Liberec and Jizera types) in the western 
part.

Based on chemical abrasion-isotope dilution-thermal ion-
ization mass spectrometry (CA-ID-TIMS) zircon ages, the 
age of emplacement of the main granite varieties (porphy-
ritic and equigranular) was estimated at ca. 312 Ma (Kryza 
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et al. 2014). Detailed information on the Karkonosze pluton 
is given by Kryza et al. (2014), Žák and Klomínský (2007), 
Žák et al. (2013); see also references therein.

Pegmatites

Pegmatites are common in the Karkonosze pluton, although 
probably a significant part of them were removed by erosion 
of the upper part of the intrusion, along with the metamor-
phic cover. They take different forms: ovoidal, globular, len-
ticular and veins. The size is very variable, from decimetre-
sized nests to bodies several meters long (Kozłowski and 
Sachanbiński 2007). In the past they were used as feldspar 
raw material for ceramic production. At the end of the 19th or 
beginning of the twentieth centuries exploitation ceased and 
since that time most of the pegmatites have been forgotten.

Six of the investigated pegmatites, Rudzianki #1, Sos-
nówka #1, #2, Karpniki #1, #3 and Königstein, are bodies of 
significant size. The biggest, Karpniki #1, is probably tens 
of meters in length; others are smaller, up to several meters 
in maximum dimension. The other investigated pegmatites 
are veins or parts of veins with a thickness of several tens 
of centimetres. All the investigated pegmatites are hosted in 
the porphyritic variety of the Karkonosze granite (Fig. 1), 
with the exception of the Grodna #1 pegmatite vein which is 
found in a small occurrence of the equigranular granite type.

The contact between pegmatite and host rock is usually 
sharp. The border zone is represented by aplite, followed by 

a fine graphic zone and a blocky K-feldspar (microcline?) 
zone with quartz toward the core. The whole sequence is 
complemented by a quartz core (Fig. 2). The presence of 
these zones depends on the thickness of the pegmatite and 
usually only large bodies have all the zones well developed. 
The Sosnówka #1 and #2 pegmatites show a biotite schlieren 
at the contact between pegmatite and host rock.

The mineralogical composition of the pegmatite bod-
ies is rather simple: K-feldspar, quartz, biotite, and less 
commonly muscovite. Biotite is frequently chloritized. 
The accessory mineral assemblages are different in almost 
all the investigated bodies, comprising: fergusonite-(Y) 
 YNbO4, xenotime-(Y)  YPO4 ± monazite group miner-
als ± thorite  ThSiO4 ± aeschynite-(Y) Y(Ti,Nb)2O6 ± poly-
crase-(Y) Y(Ti,Nb)2O6 ± allanite-(Ce) (CaCe)(Al2Fe2+)
Si2O7[SiO4]O(OH) ± cassiterite  SnO2 ± wolframite (Fe,Mn)
WO4 ± scheelite  CaWO4 ± ixiolite (Ta,Mn,Nb)O2 ± a xeno-
time-(Y)–chernovite-(Y) solid solution  YPO4-YAsO4. 
Many grains of the Nb-Ta-Ti oxides are heavily altered and 
replaced by secondary phases, i.e. liandratite or minerals 
of the pyrochlore supergroup. The monazite is frequently 
replaced by cerianite-(Ce). The detailed occurrence of the 
most important accessory minerals in the pegmatite bodies 
is presented in Table 1.

Karkonosze pegmatites predominantly fit to the NYF sig-
nature sensu Černý and Ercit 2005 (Pieczka et al. 2015), 
but with very low fluorine content. Despite this and not 
being hosted by an A-type granite as is typical of this family 
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Fig. 2  Schematic sketch of the structure of the investigated pegmatite. The asymmetrical shape does illustrate not always the full development 
of the typical pegmatite zones. Typical thickness of investigated veins does not exceed 50–60 cm
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(Černý and Ercit 2005; Martin and De Vito 2005; Černý 
et al. 2012), the mineralogical composition of most pegma-
tite bodies indicates mainly a NYF affiliation. The Karkono-
sze pegmatites can be assigned in general to the rare ele-
ment (REL) and miarolitic class pegmatites of the NYF 
family sensu Černý and Ercit 2005 (Pieczka et al. 2015). 
Details of the Karkonosze pegmatites are presented in 
Kozłowski and Sachanbiński (2007), Pieczka et al. (2015) 
and references therein.

Recent mineralogical studies (Matyszczak 2013) indicate 
that the investigated liandratite-bearing pegmatites can be 
assigned with some ambiguity to the euxenite, gadolinite 
and allanite-monazite type of the REL-REE subclasses 
sensu Černý and Ercit (2005). The mineralogical composi-
tion of the following bodies allows us to ascribe them to the 
euxenite type: Sosnówka#1?, Grodna#1, Karpniki#2, Karp-
niki#3, Karpniki#4 and Königstein? The presence of gado-
linite subgroup minerals in Karpniki#1 and Rudzianki#1 
pegmatites might suggest an affiliation to the gadolinite type; 
however only a single grain of these minerals was found. In 
the localities mentioned, HREE minerals prevail over LREE 
types (Table 1). The allanite-monazite type is represented 
only by the Sosnówka #2 pegmatite, in which allanite-(Ce) 

together with monazite group minerals seem to be the main 
REE minerals (Table 1).

Samples and experimental

Description of samples

The material for analysis was obtained mostly from dumps 
in amounts of 3–4 kg from each pegmatite and comprises 
blocks of K-feldspar, sometimes with gray quartz and altered 
biotite and rarely with fine muscovite. It probably corre-
sponds to the intermediate pegmatite zone. In the case of 
pegmatites Karpniki #2 and #4 the samples comprise a 
graphic zone together with subhedral K-feldspar crystals, 
as a result of the small size of the pegmatite bodies.

After preliminary treatment of the pegmatites (crush-
ing, milling in a disc mill and sieving), heavy minerals were 
separated in bromoform. Unfortunately, such a preparation 
usually makes it very difficult, or even impossible, to deter-
mine the textural relationships between minerals as well 
as the morphology of single crystals. Nevertheless, such 

Table 1  Accessory minerals present in investigated Karkonosze pegmatites

+ –single grains; ++ – few; +++ –significant number; ++++ –large number ; * –micro inclusions; ? – uncertain

Mineral Sosnówka#1 Sosnówka#2 Rudzianki#1 Grodna#1 Karpniki#1 Karpniki#2 Karpniki#3 Karpniki#4 Königstein

Ixiolite + +? ++ +? + +
Aeschynite-(Y) +
Polycrase-(Y) + +++ +
Fergusonite–(Y) ++ + ++++ ++ +++ +++ +
Pyrochlore subgroup 

minerals
+ +

Mikrolite subgroup 
minerals

+

Uranobetafite +
Liandratite + + + + + ++ +++ + +
Cerianite-(Ce) + + +
Monazite-(Ce) + + + +++
Monazite-(Nd) ++ + ++ ++ +++
Cheralite ++
Xenotime-(Y)
Arsenian xenotime-(Y) + + + + + + +++ + +++
Chernovite-(Y) + +
Zirconolite or kobeite-

(Y)
+

Allanite-(Ce) +++ + +
Gadolinite-(Y) or 

hinganite-(Y)
+ +

Cassiterite +* +* +++
Wolframite +
Scheelite +
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a procedure was necessary to obtain representative heavy 
mineral samples.

Liandratite is a fairly common Nb-Ta-Ti mineral in the 
Karkonosze pegmatites. It was found in 9 of the 11 studied 
localities, which are chiefly in the northeastern part of the 
pluton (Fig. 1).

Four types of liandratite occurrence can be distinguished: 
(i) Liandratite is found in rims (up to 40 µm thick) and frac-
ture infillings in fergusonite-(Y) (Fig. 3a-b) or in polycrase-
(Y). The contact between liandratite and the host mineral 
is usually sharp, without any transition zone. Such a zone 
is sometimes present, especially on grains showing more 
advanced replacement (Fig. 3b), and is a result of the altera-
tion of a host mineral (Y + REE loss or substitution by Ca, 
addition Si, hydration). Both types of replacement can be 
present simultaneously in the same grain. (ii) There are 
porous liandratite masses (aggregates?) replacing miner-
als of the pyrochlore group (Fig. 3c). Although this type 

of occurrence is less common, replacing a host mineral 
by liandratite is often followed by alteration of the former 
to a phase with the composition of the pyrochlore group 
minerals. Sometimes alteration leads to the formation of 
Pb-, Bi- or U-bearing pyrochlores associated with liandrat-
ite. (iii) Liandratite occurs as inclusions in heavily altered 
Nb-Ta-Ti minerals (Fig. 3d). They are tens of micrometers 
in size and are randomly spread in the host matrix. (iv) A 
probably euhedral liandratite crystal was found in one peg-
matite; the grain has a triangular form with a maximum 
dimension of 90 µm. This crystal was filled with a min-
eral from the cheralite-huttonite CaTh(PO4)2-ThSiO4 solid 
solution series (Fig. 3f). In addition to the previously men-
tioned assemblages, liandratite occurs together with the Ce 
and Nd varieties of monazite, cerianite-(Ce) (Ce,Th)O2, 
xenotime-(Y)–chernovite-(Y) solid solution and allanite-
(Ce). Note that cassiterite is present in these assemblages 
less frequently.

Fig. 3  Different occurrences 
of liandratite from Karkono-
sze: a, b liandratite replac-
ing fergusonite-(Y), grains 
LWD-nom-14 and LWD-nom-7 
respectively from Karpniki#3 
pegmatite; c liandratite replac-
ing mineral with the composi-
tion of pyrochlore supergroup 
minerals, grain Sn39 from 
Sosnówka#1 pegmatite; d 
inclusions of liandratite in 
mineral with the composition of 
pyrochlore supergroup minerals, 
grain Rum3 28 from Rudzi-
anki#1 pegmatite; e liandratite 
replacing altered ixiolite, grain 
Ks-mag-5 from Königstein 
pegmatite; f large euhedral? 
liandratite with cheralite within 
and 3 smaller grains of lian-
dratite present in ixiolite, grain 
Sn2-5 from Sosnówka#1 peg-
matite. Ld – liandratite, PGM 
– mineral with the composition 
of pyrochlore group minerals, 
PGM-Pb – Pb enriched mineral 
with the composition of pyro-
chlore group, Ch – cheralite, 
Fgt – fergusonite, aFgt – altered 
fergusonite, Ixl – ixiolite
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Analytical methods

Images of samples were obtained using a Jeol JSM-6380 
LA scanning electron microscope (SEM). The chemical 
composition of minerals was determined using a CAMECA 
SX-100 electron probe micro-analyser (EPMA). The analy-
ses were made with a 15 kV and 20–60 nA beam current, 
beam diameter 3–5 µm, peak count time of 30 s for REE 
and 20 s for the other elements and background count time 
was half of that of the respective peak. The analytical lines, 
reference materials and detection limits are given in the elec-
tronic supplementary material Table S1. The on-line PAP 
protocol (Pouchou and Pichoir 1985) was applied to the raw 
data. A distinction between the columbite group minerals 
and ixiolite was based only on the stoichiometric criterion 
suggested by Wise et al. (1998) and applied by Beurlen et al. 
(2007). The name ixiolite was used for samples with more 
than 10 mol %  SnO2 + TiO2 + ZrO2 + HfO2 + Sc2O3 + Fe2O3.

The term mineral with a composition of the pyrochlore 
group minerals was applied to (i) the heavily altered Nb-Ta-
Ti oxides witch fall in field of “pyrochlore group” minerals 
of statistical discrimination proposed by Ercit (2005), with 
high A-site cation deficiency, low totals and usually a high 
 SiO2 content in analyses. The degree of alteration makes 
us unable to identify their precursors. This group contains 
samples whose precursors presumably were fergusonite-(Y), 
aeschynite-euxenite groups minerals or less often ixiolite; 
(ii) newly formed secondary minerals of the pyrochlore 
group, enriched in U, Pb, sometimes in Bi, however still 
silicified and with A-site cations deficiency, are classified 
according to Atencio et al. (2010) as zero valence dominant 
pyrochlore group minerals.

The chemical analyses of liandratite were recalculated 
on the basis of 8 oxygen atoms per formula unit. All U was 
treated as  U6+ with regard to liandratite and  U4+ to ixiolite, 
polycrase-(Y), fergusonite-(Y) and its alteration products 
(minerals with the compositions of the pyrochlore group). 
Total Fe was assumed to be  Fe3+ in the case of liandratite 
and  Fe2+ in the other phases. The only exceptions are analy-
ses shown in the supplementary material Table S2, in which 
Fe is presented as published in the cited original.

Results

General comments

More than 30 determinations revealed the complex composi-
tion of liandratite from the Karkonosze pegmatites. Analyti-
cal totals are between 89.5 and 99.7 wt%. The behaviour of 
liandratite during analysis varied from grain to grain. Usu-
ally it was fairly stable under the electron beam; hence parts 
of the analyses were performed with a beam current up to 

60 nA. In some cases, for example in pegmatite Karpniki #2, 
a much lower current was used because of the intense min-
eral decomposition in the area of analysis. Despite using a 
low current, such analyses often had low totals. A metamict 
state and related problems, e.g. beam susceptibility, porosity 
and possibly the presence of water, are often the causes of 
low totals in this type of mineral. Selected chemical analyses 
are given in Table 2.

The cation content in the A-site is variable and usually 
significantly exceeds the theoretical number of cations, 
reaching up to 1.51 apfu. Uranium is the main cation in 
this position (0.99–1.27 apfu; 49.6–60.0 wt%  UO3) but the 
presence of other cations is notable: Ca (0.01–0.19 apfu; 
0.1–1.80  wt% CaO), Y(≤ 0.05apfu; ≤0.87  wt%  Y2O3), 
∑REE (≤ 0.13 apfu; ≤3.6 wt% ∑REE2O3); Th (≤ 0.11 apfu; 
≤4.6 wt%  ThO2), Bi (≤ 0.09 apfu; ≤3.5 wt%  Bi2O3) and Pb 
(≤ 0.07 apfu; ≤2.7 wt% PbO).

The B-site occupancy is also variable and, in contrast 
to the A-site, the cation content is generally slightly (but 
not always) below the theoretical 2.00 apfu, ranging from 
1.70 to 2.10 apfu. Due to the low content of the main cati-
ons occupying this site, it was decided to put Fe as  Fe3+ 
in this position. Niobium (0.86–1.47 apfu; 19.6–34.1 wt% 
 Nb2O5) is dominant over Ti (0.02–0.59 apfu; 0.3–7.8 wt% 
 TiO2), Ta (≤ 0.23 apfu; ≤8.4 wt%  Ta2O5) and Fe (0.04–0.18; 
0.55–2.48 wt%  Fe2O3). The content of non-formula ele-
ments is high and ranges between 0.27 and 0.73 apfu: Al 
(0.02–0.28 apfu; 0.10–0.24 wt%  Al2O3), Si (0.06–0.32 apfu; 
0.6 − 0.32 wt%  SiO2), P (≤ 0.20 apfu; ≤2.7 wt%  P2O5) Zr 
(≤ 0.1 apfu; ≤2.1 wt%  ZrO2) and W (≤ 0.03 apfu; 1.2 wt% 
 WO3).

Chemical composition of the associated minerals

Liandratite occurs in association with various Nb-Ta-Ti min-
erals. Most textural relationships between liandratite and 
associated minerals indicate a direct or indirect replacement 
of the host mineral by a later phase e.g. Fig. 3a–c, including 
liandratite as one of the breakdown products of unidentified 
Nb-Ta-Ti oxide minerals, e.g. Fig. 3d. Representative analy-
ses of possible precursors are given in Table 3.

Due to the ubiquity of its occurrence, fergusonite-(Y) is 
apparently the most widespread possible precursor of lian-
dratite in the pegmatites. Its composition and those of other 
possible precursors are plotted in the system Nb-Ta-Ti in 
Fig. 4. Fergusonite contains 38.0–44.3 wt%  Nb2O5 and small 
amounts of Ti (0.8–4.4 wt%  TiO2) and W (2.5–5.5 wt% 
 WO3). The Ta content is variable (3.0–17.0 wt%  Ta2O5) and 
depends on the locality and degree of alteration. The  UO2 
content varies between 2.2 and 6.8 wt%.

The next possible precursor, ixiolite, is a rather uncom-
mon mineral in the Karkonosze pegmatites. It is usually 
altered to some degree and decomposes during analysis. 
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Table 2  Representative chemical compositions and calculated formulae of liandratite from various Karkonosze pegmatites

Constituents Sn39-5 Sn2-5-5 Grod-16-4 Rum3-28-nom-3 Sn3-15-6 LWD-nom-14-6 LWD-nom-3-7 Range of oxides content

EPMA results (wt%)
 WO3 0.18 0.10 0.11 1.02 0.00 1.22 1.13 ≤ 1.22
 UO3 56.69 52.72 57.98 55.81 52.55 53.52 52.05 49.15–60.02
 P2O5 0.40 1.03 1.63 0.00 0.66 0.57 2.47 ≤ 2.47
 Nb2O5 26.62 30.25 18.52 20.15 34.10 20.98 24.43 18.12–34.10
 Ta2O5 1.94 1.33 1.33 0.00 1.11 7.21 4.10 ≤ 8.41
 SiO2 1.94 1.86 1.04 1.26 2.08 2.99 1.43 0.57–3.19
 TiO2 2.46 0.73 6.94 7.37 0.26 1.19 1.83 0.26–7.78
 ZrO2 n.a n.a 0.08 0.87 0.00 0.85 1.99 ≤ 2.14
 SnO2 0.00 0.00 0.00 0.22 0.00 0.00 0.00 ≤ 0.28
 ThO2 0.00 2.62 0.05 2.70 0.00 1.73 3.36 ≤ 4.64
 Al2O3 0.68 0.99 0.50 0.15 1.14 1.82 1.35 0.14–2.41
 Fe2O3

a 1.85 2.45 0.63 1.41 0.61 1.28 0.94 0.55–2.48
 Y2O3 0.00 0.00 0.13 0.36 n.a 0.00 0.00 ≤ 0.87
 REE2O3 0.11 1.27 0.59 2.11 2.94 1.21 0.25 ≤ 3.55
 Bi2O3 3.26 1.06 n.a n.a n.a n.a n.a ≤ 3.50
 CaO 1.81 1.34 0.82 0.58 1.06 0.33 0.17 0.11–1.81
 MgO 0.00 0.00 0.02 0.00 0.00 0.00 0.00 ≤ 0.03
 MnO 0.00 0.11 0.00 0.00 0.11 0.00 0.00 ≤ 0.16
 SrO 0.10 0.04 0.00 0.00 0.00 0.00 0.00 ≤ 0.1
 PbO 1.66 1.59 0.43 0.00 0.74 0.38 0.62 ≤ 2.74
 Na2O n.a n.a 0.00 0.00 0.00 n.a n.a
 F 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 Total 99.70 99.49 90.80 94.01 97.36 95.28 96.12

Calculated formulae (apfu)b

 W6+ 0.005 0.002 0.003 0.027 0.000 0.032 0.029 ≤ 0.03
 P5+ 0.033 0.083 0.143 0.000 0.053 0.048 0.203 0.20
 Nb5+ 1.163 1.300 0.863 0.929 1.467 0.952 1.073 0.83–1.47
 Ta5+ 0.051 0.034 0.037 0.000 0.029 0.197 0.108 ≤ 0.20
 Si4+ 0.187 0.177 0.107 0.129 0.197 0.300 0.139 0.06–0.32
 Ti4+ 0.179 0.052 0.538 0.565 0.019 0.090 0.134 0.02–0.59
 Zr4+ 0.000 0.000 0.004 0.043 0.000 0.041 0.094 ≤ 0.10
 Sn4+ 0.000 0.000 0.000 0.009 0.000 0.000 0.000 0.01
 Al3+ 0.077 0.111 0.061 0.017 0.128 0.216 0.154 0.02–0.28
 Fe3+ 0.135 0.175 0.049 0.108 0.043 0.097 0.069 0.04–0.18
 Sum B 1.830 1.934 1.805 1.827 1.936 1.973 2.003
 U6+ 1.152 1.053 1.256 1.195 1.050 1.129 1.063 0.98–1.28
 Th4+ 0.000 0.057 0.001 0.063 0.000 0.039 0.074 ≤ 0.10
 Y3+ 0.000 0.000 0.007 0.019 0.000 0.000 0.000 ≤ 0.05
 REE3+ 0.004 0.043 0.022 0.076 0.101 0.044 0.009 ≤ 0.13
 Bi3+ 0.081 0.026 0.000 0.000 0.000 0.000 0.000 ≤ 0.09
 Mg2+ 0.000 0.000 0.003 0.000 0.000 0.000 0.000 ≤ 0.004
 Ca2+ 0.188 0.136 0.091 0.064 0.108 0.036 0.017 0.01–0.19
 Mn2+ 0.000 0.009 0.000 0.000 0.009 0.000 0.000 ≤ 0.01
 Sr2+ 0.056 0.002 0.000 0.000 0.000 0.000 0.000 ≤ 0.056
 Pb2+ 0.043 0.041 0.012 0.000 0.019 0.010 0.016 ≤ 0.07
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The analyzed grains associated with liandratite contain 
53.6–55.7 wt%  Nb2O5, 3.2–6.5 wt%  Ta2O5, 2.1–6.5 wt% 
 TiO2, up to 0.8 wt%  P2O5 and 1.6–5.6 wt%  UO2 (Table 3).

Only a single grain of polycrase-(Y) was found together 
with liandratite. The content of Nb (13.3–22.5 wt%  Nb2O5) 
and Ta (13.2–23.8 wt%  Ta2O5) in this grain is quite high 
compared to Ti (16.9–19.0 wt%  TiO2, see Fig. 4); the content 
of W (2.9–3.3 wt%  WO3) is rather typical of the Karkonosze 
Nb-Ta-Ti minerals, as is the content of U (2.9–8.1 wt%  UO2).

The last-mentioned possible precursors are minerals with the 
composition of the pyrochlore group. These phases are formed 
as a result of the multistage alteration of various Nb-Ta-Ti oxide 
minerals (i.e. fergusonite) in the way described by Ercit (2005); 
usually with loss of A-site cations, Si addition and hydration. A 
similar alteration affects ixiolite. Sometimes newly formed sec-
ondary phases belonging to this group with high contents of Pb, 
Bi or U are present. The relationship between them and liandrat-
ite is rather unclear. The composition of minerals of the pyro-
chlore group together with Pb-, Bi-, U-rich phases is as follows: 
21.9–38.7 wt%  Nb2O5, 5.5–23.6 wt%  Ta2O5, 1.2–9.9 wt%  TiO2 
and up to 1.6 wt%  WO3. Analyses reveal a very high content of 
silica (2.7–14.2 wt%  SiO2) and in specific grains a high content 
of Pb (up to 16.4 wt% PbO) and sometimes Bi (up to 7.5 wt% 
 Bi2O3) and  P2O5 (4.6–9.2 wt%  P2O5). The content of U is very 
variable and ranges from 0.9 to 12.7 wt%  UO2. Representative 
analyses of Pb- and Bi-rich minerals of the pyrochlore group are 
given in Table 3 (grains Sn#2–11 and Sn2-5; see also Fig. 3f).

It seems that in the Karkonosze pluton there is no specific 
mineral which would be more susceptible to alteration than 
the others and the formation of liandratite depends only on 
the availability of relevant species in the pegmatite. There-
fore liandratite in Karkonosze pegmatites possibly forms 
mostly after fergusonite since other possibly Nb-Ta-Ti oxide 
precursors occur much less frequently.

Chemical similarity to uranopyrochlores

Liandratite seems to be compositionally similar to urano-
pyrochlore (Atencio et al. 2010) in terms of the main ele-
ments; however, it has a different U oxidation state. Accord-
ing to the currently proposed nomenclature of the pyrochlore 

supergroup (Atencio et al. 2010), uranopyrochlore is a mem-
ber of the pyrochlore group, with  U4+ as the dominant cation 
at the A-site, assuming that  4+-valence cations prevail over 
other valence groups at this site and not regarding the domi-
nant anion at the Y-site. It is still a somewhat theoretical 
mineral. The reason is the absence in the literature of an 
analysis meeting the current nomenclature rules. As previ-
ously mentioned, the dominant valence rule regarding the 
U content in the A-site is in fact met only by analysis 9 from 
Chibiny (Chakhmouradian and Mitchell 2002).

Due to the scarcity of good analyses of uranopyrochlore, 
the analyses of liandratite were compared to the theoretical 
composition of the following end-members: oxyuranopyro-
chlore □UNb2O6O and oxyuranobetafite (□0.5U1.5)2Ti2O6O. 
This theoretical solid solution represents the most U-enriched 
members of the pyrochlore and betafite groups, respectively.

Data for U-rich members of the pyrochlore supergroup are 
plotted on Fig. 5, having been classified previously as uran-
pyrochlore and uranmicrolite (Hogarth 1977), partly given in 
Table S2. The content of U in the A-site in these analyses is 
> 20% of cations other than Na and Ca. The theoretical composi-
tions of oxyuranopyrochlore and oxyuranobetafite end-members 
are as follows: 50.4 wt%  UO2, 49.6 wt%  Nb2O5 and 71.7 wt% 
 UO2, 28.29 wt%  TiO2, respectively. The change of composition 
between these two end-members should proceed along the line 
according to the exchange 0.5□+(Nb,Ta)5+

2↔0.5U4++2Ti4+, 
which borders the composition field of pyrochlores in the system 
U-Nb + Ta-Ti (Fig. 5).

Normally, plots of the chemical composition of the U-rich 
phases of pyrochlore-betafite solid solution in the system 
U-Nb + Ta-Ti should not exceed this boundary line. However, 
shifting the plot across the line is possible with a considerable 
contribution by Al and  Fe3+ in comparison to Ti. Such a case 
is represented by analysis 9 from Chibiny (Chakhmouradian 
and Mitchell 2002). The significant presence of Al (1.80 wt% 
 Al2O3; 0.18 apfu) compared to Ti (4.8 wt%  TiO2; 0.30 apfu, 
Table S2) indicates an important contribution of a substitu-
tion into the B-site other than (Nb + Ta)5+↔Ti4+ with adequate 
compensations and slightly distorting the obtained image.

Liandratite should plot in the field restricted by the 
 UNb2O8-U1.33Ti2O8-U2TiO8 end-members. The analysis 

Table 2  (continued)

Sum B: W + P + Nb + Ta + Ti + Si + Zr + Sn + Al + Fe3+

Sum A:  U6++Th + YREE + Bi + Mg + Ca + Mn + Sr + Pb + Na
Note: F and Na were below the detection limits in all analyses
n.a. not analysed
a Total content of Fe is calculated as  Fe2O3
b Calculated based on 8 O = 8 apfu (atoms per formula unit)

Constituents Sn39-5 Sn2-5-5 Grod-16-4 Rum3-28-nom-3 Sn3-15-6 LWD-nom-14-6 LWD-nom-3-7 Range of oxides content

 Na+ 0.000 0.000 0.000 0.000 0.000 0.000 0.000
 Sum A 1.524 1.367 1.392 1.417 1.287 1.258 1.179
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of liandratite from Madagascar (Lumpkin and Ewing 1996, 
Table S2) plots within this field whereas that from Karkono-
sze plots mostly above the  UNb2O8-U2TiO8 border due to 
the significant contribution of non-formula elements in the 
B-site (Al,  Fe3+) (Fig. 5). Analyses of liandratite from Egypt 
(Abd-el Naby 2009) show a significant dominance of Ti over 

Nb + Ta which suggests that it should not be considered as 
liandratite, which is essentially a Nb-dominant U oxide 
(Table S2).

A multiplicity of different substitutions in the pyrochlore-
microlite-betafite groups yields a situation where in most 
cases in the system U-Nb + Ta-Ti the compositional fields 

Table 3  Chemical compositions of liandratite precursors

All values are quoted in wt%
n.a not analyzed
a Total content of Fe is expressed as FeO

Constituents Polycrase-(Y) Fergusonite-(Y) Altered fergusonite-(Y) Mineral with composition of pyrochlore 
group

Ixiolite

Grod1-16-6 LWD-nom-14-11 Sn3-8-6 Rum3-nom-24-4 Rum3-nom-28-7 Sn#2-11-3 S2-5-2 KS-mag5-2

WO3 3.18 2.90 3.10 5.39 1.38 0.94 0.22 1.57
P2O5 0.00 0.00 0.00 0.06 0.14 5.21 9.18 0.20
Nb2O5 13.90 43.33 41.85 30.51 25.78 22.56 28.75 55.72
Ta2O5 23.76 3.00 9.06 6.34 12.38 22.51 18.04 6.54
SiO2 0.00 0.10 2.59 2.29 10.18 4.11 2.70 0.71
TiO2 18.68 0.83 3.93 5.56 9.87 2.88 1.16 6.51
ZrO2 0.00 0.00 0.00 0.24 1.82 0.31 0.17 0.31
SnO2 0.26 0.00 0.00 0.11 0.67 0.22 0.31 0.49
ThO2 1.08 0.68 1.96 3.37 4.14 0.51 0.39 0.81
UO2 7.24 2.52 2.24 5.35 12.72 5.67 10.06 5.58
Al2O3 0.00 0.00 0.38 0.00 0.61 2.19 4.75 0.95
Sc2O3 0.13 0.00 0.00 0.00 0.09 0.1 0.03 0.24
Y2O3 14.55 25.47 6.11 20.13 3.17 0.11 0.00 0.15
La2O3 0.00 0.00 0.16 0.00 0.68 0.20 0.13 0.00
Ce2O3 0.17 0.37 1.09 0.37 0.65 0.35 0.21 0.30
Pr2O3 0.00 0.00 0.29 0.07 0.44 0.00 0.00 0.00
Nd2O3 0.85 0.71 1.90 1.24 1.54 0.00 0.15 0.00
Sm2O3 0.51 0.68 1.51 0.94 0.81 0.00 0.00 0.00
Eu2O3 0.42 0.67 0.59 0.67 0.00 0.00 0.00 0.00
Gd2O3 0.88 1.45 1.74 1.86 0.85 0.00 0.00 0.00
Tb2O3 0.00 0.00 0.33 0.28 0.00 0.00 0.00 0.00
Dy2O3 1.78 2.94 2.28 2.68 1.10 0.00 0.00 0.00
Ho2O3 0.00 0.80 0.45 0.60 0.00 0.00 0.00 0.00
Er2O3 1.93 2.93 1.73 2.35 0.70 0.00 0.00 0.00
Tm2O3 0.58 0.00 0.00 0.00 0.00 0.00 0.000 0.00
Yb2O3 3.36 3.33 1.83 2.65 0.89 0.00 0.00 0.00
Lu2O3 0.59 0.61 0.33 0.43 0.00 0.00 0.00 0.00
Bi2O3 n.a n.a n.a n.a n.a 5.88 0.00 0.00
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
CaO 0.86 0.67 5.01 1.98 0.92 0.80 0.28 0.19
MnO 0.56 1.50 0.51 0.30 0.00 0.18 0.14 3.72
FeOa 2.31 0.00 3.31 0.95 3.81 3.60 3.70 15.51
PbO 0.00 0.00 0.58 0.00 0.46 15.76 10.86 0.00
Na2O 0.03 0.00 0.00 0.00 0.00 0.00 0.00 n.a
F 0.00 0.43 0.00 0.56 0.00 n.a 0.00 n.a
O = F2 0.00 -0.18 0.00 -0.22 0.00 0.00 0.00 0.00
Total 97.61 95.74 94.86 97.06 95.80 94.09 91.23 99.54
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of natural U-rich pyrochlores fall in the area below the 
□UNb2O6O-(□0.5U1.5)2Ti2O6O boundary. This is evidence 
that distinguishing between the U-rich pyrochlore group 
minerals and liandratite in the U-Nb + Ta-Ti system in most 
cases is possible, although ideal liandratite has the same theo-
retical U to Nb + Ta ratio as oxyuranopyrochlore. Exceptions 
arise when the B-site in the pyrochlore group is significantly 
occupied by trivalent cations – Al,  Fe3+ (or by other cati-
ons different to Nb, Ta, Ti), when the compositional plot 
could be shifted and fall in the liandratite field. Theoretically, 
analyses of liandratite trending toward the  U1.33Ti2O8 end-
member, due to the slightly overlapping composition fields of 

pyrochlore and liandratite, can also mistakenly be considered 
to be uranopyrochlore.

Discussion

The occurrence of liandratite suggests three possible modes of 
origin. One would be the direct replacement of a primary min-
eral (e.g. fergusonite) from the outer part toward its inner core 
along cracks and fissures present in the host (Fig. 3a–b). Occa-
sionally between liandratite and the host mineral a transitional 
zone formed (Fig. 3b). Its chemical composition corresponds 
to the composition of the fergusonite at different alteration 
stages (mostly early or moderate) i.e. elevated Ca and decreased 
Y + REE contents, minor Si addition. It seems that in this case 
liandratite incorporates almost the whole element set of its pre-
cursor, except for Y + REE which are removed during alteration. 
In contrast to the observation of Lumpkin and Ewing (1996) in 
breakdown assemblages, discrete Ti-phases (e.g. rutile) were not 
found, even in altered Ti-rich phases such as polycrase-(Y). Only 
the excess Fe from Fe-rich phases (e.g. ixiolite) was transported 
out of liandratite and formed rims around it.

The second mode is possibly related to the breakdown 
of the precursor to two phases. These are a phase with the 
composition of pyrochlore group minerals (almost totally 
depleted in typical A-site cations) and liandratite, which 
occurs as 10–50 μm inclusions.

In the Sosnówka#1 pegmatite, a third, multistage-type 
alteration to liandratite was identified. It is based on the 
observation that the primary mineral is altered first to a 
phase with the composition of the pyrochlore group minerals 
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Minerals with a composition of

the pyrochlore group minerals
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Fig. 4  Chemical composition of liandratite precursors plotted in the 
Nb-Ta-Ti triangle
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Fig. 5  Comparison of chemical composition of natural U-rich pyro-
chlores with liandratite from different localities in system U-Nb + Ta-Ti. 
Composition of U-rich pyrochlores is restricted by the ideal end-
members oxyuranopyrochlore, □UNb2O6O, and oxyuranobetafite, 
(□0.5U1.5)2Ti2O6O whereas field of liandratite by  UNb2O8 – U2TiO8-

U1.33Ti2O8. Details of presented data are given in Table S2. Please refer 
also to Hogarth and Horne (1989), Lumpkin and Ewing (1996), Uher 
et  al. (1998), Chakhmouradian and Mitchell (2002),  Zurevinski and 
Mitchell (2004), Caprilli et al. (2006), Monchoux et al. (2006),  Mokhov 
et al. (2008),  Abd El-Naby (2009), Timofeev and Williams-Jones (2015)
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or directly to Pb-, Bi-, U-rich pyrochlores, and then possi-
bly to liandratite (i.e. Fig. 3c) Sometimes these late-formed 
pyrochlores occurred directly on the primary mineral and 
then were partly replaced by liandratite. However, the rela-
tionships between these pyrochlores and liandratite are not 
always clear. Obviously the pyrochlores mostly are replaced 
by liandratite (i.e. Fig. 3c); on the other hand, occasion-
ally some occurrences indicate that they may have formed 
simultaneously.

Some textural features of the altered primary Nb-Ta-Ti 
phases are similar to those described by Poitrasson (2002) in 
allanite and Ruschel et al. (2010) in fergusonite from Mada-
gascar and permits recognition of this type of alteration as 
fluid-driven. The alteration probably involved two events 
with different brine compositions with different oxidation 
potentials. The first event was related to the alteration of pri-
mary Nb-Ta-Ti minerals – removal mostly of the A-site cati-
ons, with the exception of U. The content of U in the altered 
and non-altered parts of the investigated primary Nb-Ta-Ti 
minerals (mainly fergusonite and aeschynite-euxenite group 
minerals) is similar or slightly higher in the altered parts 
which suggests that  U4+ was not converted to  U6+ and also 
indirectly suggests that the fluids were not oxidising. Dur-
ing the second stage of alteration, U-bearing fluids favoured 
the formation of liandratite and U-rich pyrochlores. Possibly 
these were similar solutions to those forming epithermal U 
deposits in Karkonosze and numerous occurrences of pitch-
blende in low temperature hydrothermal assemblages within 
the granite. However, in this case the solutions were more 
oxidised, conceivably with an influence of meteoric water.

The contents of cations in the A position, significantly 
higher than the theoretical value, do not seem to be unusual 
for liandratite, as shown for the first time by Lumpkin and 
Ewing (1996). It is caused by the presence of cations other 
than pentavalent in the B-site, mainly Ti, and the necessary 
charge compensation. The A position is able to accommo-
date additional cations as happens in the isostructural pets-
checkite  U4+Fe2+(Nb,Ta)2O8. Hence, the chemical formula 
of liandratite is often presented as similar to that of pets-
checkite but with a vacancy in the  Fe2+ position, namely 
 U6+□(Nb,Ta)2O8 (Černý and Ercit 1989).

The mechanism of incorporation of Ti into the struc-
ture is possibly allied to the incorporation of a signifi-
cantly greater content of U than the theoretical 1 apfu. 
This can be explained by the coupled heterovalent substitu-
tion expressed by the equation 2(Nb,Ta)5+↔U6++Ti4+ or 
2(Nb,Ta)5+↔1/3U6++2Ti4+causing the shift of the chemical 
composition of liandratite toward the theoretical  U2TiO8 and 
 U1.33Ti2O8 end-members, respectively.

However, 2D plots show ambiguous trends. There is a 
significant negative correlation between Ti and Nb + Ta with 
a trend close to 1:1 (Fig. 6a). The abundance of U is rather 
weakly positively correlated with the content of Ti (Fig. 6b). 

The analyses plotted on a U vs Ti diagram show a significant 
scatter but with a positive trend ratio of approximately 1:4 
(Fig. 6c). The relationships between U and Nb + Ta show a 
weakly negative trend with a ratio close to 1:3 or 1:4. Addi-
tionally, it seems that analyses from various pegmatites differ 
in substitution patterns, which makes it difficult to indicate 
the main direction of substitution in the whole population. 
A rather weak set of correlations is possibly caused by the 
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limited number of analyses. On the other hand they express 
a more complex character of the cation exchange than that 
mentioned above.

Surplus Ti in liandratite, when compared to its ideal end-
member, is related to its mineral precursor. There is a strong 
correlation between the mean content of Ti (expressed in 
wt%) in the precursor and in the associated liandratite 
(Fig. 7). The excess of U is at least partially and indirectly 
controlled by the amount of Ti in the precursor (Fig. 8). 
Liandratite formed by the breakdown of Ti-rich precursors 
(polycrase) is characterised by an elevated content of U 
when compared to liandratite from the alteration of low-Ti 
minerals.

The analysed elements, occupying both A- and B-sites, 
mostly were found in liandratite (Lumpkin and Ewing 1996) 
and also in the composition of the isostructural and chemi-
cally similar petscheckite (Mücke and Strunz 1978; Tomašić 

et al. 2004). However, the presence of non-formula elements 
such as Al, Si, P and W in the structure of liandratite, some-
times in significant amounts, requires explanation.

The structure of  U6+Ta2O8 given by Gasperin (1960) has 
not yet been verified and has even been questioned (Bush 
and Gruehn 1996). According to Gasperin’s data, the A-site 
is in sixfold and B-site in eightfold coordination; the number 
of elements which could possibly occupy the B-position is 
limited when compared to other Nb-Ti-Ta oxides, e.g. the 
pyrochlore supergroup and fergusonite. According to Shan-
non (1976), Al, Si, P and W do not have as high coordination 
numbers as Nb, Ta and Ti. The difference between the ionic 
radii of P (0.38 Å), Si (0.4 Å) in sixfold coordination and 
Nb (0.74 Å) and Ta and Ti in eightfold coordination (Shan-
non 1976) is 49 and 46% respectively, and this means that 
they are too small to occupy this position. Although sixfold 
coordinated Si is known in synthetic silicate pyrochlores 
(Reid et al. 1977; Xu et al. 2011) they are stable only at high 
pressures. The role of Si frequently revealed in analyses is 
still intensively discussed. However the latest investigations 
of natural Si-bearing pyrochlores excluded the presence of 
 Si4+in the structure of this group of minerals (Dumańska-
Słowik et al. 2014).

The occurrence of P is a particular problem. It is rather 
seldom reported as a non-formula element in metamict Nb-
Ta-Ti minerals. However in some Karkonosze pegmatites, 
meso- and epithermal solutions were P-rich down to very 
low temperatures, as shown by precipitating phosphate min-
erals, mainly monazite-(Nd) and probably rhabdophane-(Nd) 
together with manganese oxides and hydroxides. Therefore, 
the occasional presence of small amounts of P together with 
Si and others in the matrix of heavy altered primary Nb-Ta-
Ti minerals and in liandratite is not surprising.

In the case of Al (0.54 Å) and W (0.6 Å) the differences 
are 28% and 21%, respectively, which allows only limited 
substitution, according to Goldschmidt’s rules (Misra 2012). 
Hence, the presence of W in the structure with a maximum 
content of 0.03 apfu seems to be very probable. Possibly Al 
is also located within the structure but in significantly lower 
amounts than the maximum of 0.28 apfu mentioned above. 
Therefore only a small part of the Al found by microprobe 
analysis possibly occupies the B-site; the rest is not structur-
ally located.

The presence of non-formula elements in various radia-
tion-damaged minerals (e.g. zircon and pyrochlore super-
group minerals) has been extensively investigated (e.g. 
Geisler et al. 2003; Rayner et al. 2005; Bonazzi et al. 2006; 
Dumańska-Słowik et al. 2014). In various minerals of the 
above-named assemblage there are different elements; 
however, they share a common feature—they all concen-
trate in the intensively radiation-damaged, amorphous 
domains outside the crystal structure of the host mineral. 
The non-formula elements found in the analyses, namely 
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 P5+,  Si4+ and the majority of  Al3+, due to their inconsist-
ency with the structure of liandratite and by analogy with 
other metamict minerals, should be treated as elements 
dispersed in the amorphous matrix (Geisler et al. 2003; 
Rayner et al. 2005) or as sub-microscopic intergrowths of 
alumosilicates or phosphates.

Liandratite in Karkonosze pegmatites is a secondary 
mineral but a detailed explanation of its origin may pre-
sent some issues. Due to the method of investigation used, 
crushing, milling etc., it was difficult to obtain the full 
textural context of the occurrence and as a consequence 
the origin of the liandratite.

Concluding remarks

Liandratite is a complex secondary mineral formed as a 
product of alteration of Nb-Ta-Ti oxides such as fergu-
sonite-(Y), minerals from the aeschynite-euxenite group 
and ixiolite. Apparently, during the alteration of Ti-poor 
primary minerals, e.g. fergusonite, ixiolite, and the altera-
tion of Ti-rich phases (polycrase), all the Ti is incorpo-
rated into liandratite. Incorporation of Ti caused the addi-
tional incorporation of U into the structure. Nevertheless, 
neither of the two theoretical solid solutions fully explains 
the presence of the significant U excess in liandratite from 
Karkonosze.

The theoretical U-rich end-member of the pyrochlore 
group, namely oxyuranopyrochlore □U4+Nb2O6O, has a 
similar composition to the ideal liandratite, with the excep-
tion of different U oxidation states. Its theoretical solid 
solutions with oxyuranobetafite, (□0.5U4+

1.5)2Ti2O6O, 
present the most U-enriched pair of end-members in the 
pyrochlore supergroup which can be chemically similar 
(with regard to the U oxidation state) to liandratite. In the 
system U-Nb + Ta-Ti, the theoretical composition fields of 
the both groups of minerals, pyrochlores and liandratite, 
slightly overlap, especially toward the Ti apex. Neverthe-
less, contemporary reviews of natural U-bearing pyrochlo-
res point out that their compositions usually fall far below 
the boundary line. The only exceptions are analyses with 
significant contents of elements other than Nb, Ta, Ti in the 
B-site which can fall in the liandratite field. On the other 
hand theoretical liandratite with a significant contribution 
of  U6 + 1.33Ti2O8 can be mistakenly identified as pyrochlore.

So far the number of liandratite analyses is rather insuffi-
cient, its crystallochemical model (scheme) almost unknown 
and oxyuranopyrochlore is still only a theoretical end-mem-
ber of the pyrochlore group. Therefore the data presented 
here are only a first approach to a complete description of 
the Karkonosze liandratite and to its chemical relationship 
with the pyrochlore supergroup minerals.
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