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Petscheckite and liandratite, two new pegmatite minerals from Madagascar
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Abstract

We discovered two new metamict minerals in the Antsakoa I pegmatite near Berere in
Madagascar. They were recrystallized through heating and investigated with the following
results:

(1) Petscheckite, idealized as U** Fe**(Nb,Ta),0O,, hexagonal, space group P3lm, a = 642,
¢ = 4.02A, Z = 1. It occurs as crystals up to 4 cm long and 2 cm thick, hardness ~5, specific
gravity ~7. The color is black, streak brown-black, and fragments are opaque. Through
oxidation and hydration, two intimately intergrown varieties occur: oxy-petscheckite, U**
(Fedi1./5)(Nb,Ta),04 and hydroxy-petscheckite, Ut*(Fel%[5/5)(Nb,Ta),0+0,0H).

(2) Liandratite, U*(Nb,Ta),Os, space group P31m, a = 6.36, c = 4.01A, Z = 1. It occurs
as crusts up to 2 mm thick surrounding petscheckite. The color is yellow to brown, streak
bright yellow, hardness ~3 1/2, specific gravity ~6.8, refractive index n = 1.83 for metamict
material. The structure of liandratite is identical with that of synthetic U**Ta,0s. The empty
position at (00}) for this species is occupied by Fe in petscheckite.

The names are for Mr. Eckehard Petsch of Idar Oberstein and Professor George Liandrat
of Samoéns, France, who have performed noteworthy prospecting activities in Madagascar.
Both species were accepted by the IMA Commission on New Minerals and New Mineral

Names.

Occurrence

The pegmatites in the Berere region lie about 250
km north of Tananarive and approximately 40 km
northeast of the town of Tsaratanana, in the in-
accessible lowland of north Madagascar, near the
boundary between basement and supracrustal rocks.
Like nearly all Madagascar pegmatites they are
linked to the ‘““granite tardiff”” of about 550 m.y. in
age. According to Besairie (1964), they are intruded
into amphibolites (group de Beforona, CS).

We focus attention on four pegmatites, Antsakoa
I, Antsakoa II, Analila, and Ambany (Fig. 1). They
are situated 0.5 to 2 km from the mining point of
Berere, which has been abandoned since 1960. The
pegmatities are distinctly zoned (Fig. 2). At the Ant-
sakoa I pegmatite the outer zone is aplitic in the
envelope (A) and beryl-bearing in the center (B). The
feldspar of the quartz and feldspar core (Q + F) is
extensively weathered. The nomenclature of the
zones and the plan of the pegmatite follow Uebel
(1977). The quartz of the core juts out as bleached
rose quartz and extends 20-30 meters above the sur-

0003-004X/78/0910-0941502.00 941

roundings. The mineralized zone (B) around the
quartz and feldspar core was mined for beryl and Ta/
Nb-bearing minerals during the years 1950-1960. The
accessory minerals are found in this zone, including
the new minerals petscheckite and liandratite. Associ-
ated minerals include striiverite, monazite, ilmenite,
garnet, and tourmaline along with the major pegma-
tite minerals. Crystals of so-called ““niobo-tantalite”
from Berere/Tsaratanana, up to 4 cm long and 2 cm
thick, weight 5-20 g, were secured during a research
expedition to Madagascar in 1972. All examples are
encased by a crust of varying thickness which is gray-
brown, brown, yellow, or white in color.

Petscheckite: chemical analysis and formula contents

The analysis in Table 1 leads, on the basis of
S(Nb*+ + Ta** + Fe**) = 2.00 at one site, to the
formula unit

(Uo.sxcao.oszro.ozKo.ol)(FegLMn%."hAlo.osFe%E)
(Nb1.55TaO.33FeD.12)OB
After heating at 650°C, the pulverized mineral yields
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Fig. 1. The pegmatite near Berere, Madagascar.

a powder pattern which corresponds to the hexagonal
compound UTa,0g, synthesized by Gasparin (1960),
in which the valency is U®*. For the mineral de-
scribed here, however, uranium is present as U**. For
valence balance Fe?* is built into the structure, assur-
ing electrostatic neutrality. By metamictization and
oxidation the original primary Fe** was oxidized.
The original composition of petscheckite must have
corresponded to the formula U**Fe?**(Nb,Ta),0s. In
the course of subsequent reworking, two varieties
were formed: (1) oxy-petscheckite, U**(Fe®*,[])

Table 1. Analysis of the heated oxy- and hydroxy-petscheckites.
Wet-chemical analysis by W. Napiontek

Weight Molecular Cation
% Contents Contents
UO2 40.5 0.9087 3.68
Nb,0, 1.5500 7.75
2’5 45.99

T3205 0.3291 1.65
F6203 10.01 0.7596 2.28
FeO 0.10 0.0084 0.02
MnO 1.32 0.1128 0.22
ZI‘O2 0.42 0.0207 0.08
A1203 0.71 0.0843 0.24
Ca0 0.49 0.0530 0.10
K20 0.05 0.0064 0.01
99.59 16.03
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Fig. 2. The zoned Antsakoa I pegmatite in the province of
Berere.

(Nb,Ta),0s,[] = 1/3 and (2) hydroxy-petscheckite,
U*t(Fezi/s,[ ]s2s)(Nb,Ta);OzAOH)s,. The general
formula for petscheckite is therefore U*t(Fe,[])
(Nb,Ta),(0,0H)s.

Origin of the varieties

Through oxidation of primary U*tFe?*(Nb,Ta),
O;, Fe** is changed to Fe**. In order to maintain
valence balance and the structure type, a third of the
total iron is removed according to the following
scheme:

9U*+Fe**(Nb,Ta),0s + 407%-
petscheckite
— 3U$TFe3t(Nb,Ta)sO,4 + FeyOf + 8e
oxy-petscheckite magnetite

The solid phases on the right are products of the
oxidative sequence. Through this reaction under in-
termediate temperature, oxy-petscheckite and mag-
netite are of the same age and are intergrown (Fig. 3).
In addition we find another variety, called hydroxy-
petscheckite. This hydroxylated phase is poorer in
iron, and Mn occurs only in trace amounts, as estab-
lished by microprobe scans. This implies that separa-
tion of iron and manganese occurs during the altera-
tion process, so that the reaction occurred in an
alkalic regime. The iron content varies significantly in
hydroxy-petscheckite. Hydroxy-petscheckite is wa-
ter-rich. The water content could only be approxi-
mately determined, since significant amounts of the
varieties could not be separated. The limits are pet-
scheckite < 3.2 weight percent H,O, hydroxy-pet-
scheckite > 3.2 weight percent H,O.

On account of the significant difference in Fe-con-
tent, the formation of hydroxy-petscheckite proceeds
step-wise (1) directly from petscheckite:
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Fig. 3. Disklike magnetite inclusions oriented in hydroxy-
petscheckite. The length of the disks is about 3 . Oil immersion.

(a) 3U*Fe**(Nb,Ta),0, + H,0 + 30H~
, U$*Fe**(Nb,Ta)eOy(OH), + 2FeOOH + 3e

(b) U*Fe**(Nb,Ta),0, + 2H,0 + OH-
—, U*(Nb,Ta),0OH), + FeOOH + e

It is also quite likely that hydroxy-petscheckite (2)
forms indirectly from oxy-petscheckite. Analogous to
reactions (a) and (b) the degree of hydroxylation can
be distinguished although the same reaction products
arise. For example, reaction (b) follows:

Uj*Fe3*(Nb,Ta)s0,, + 4H,0
oxy-petscheckite

— 3U**(Nb,Ta),04OH), + 2FeOOH
hydroxy-petscheckite

Fig. 5. Columbite (most brightly reflecting) overgrown by oxy-
petscheckite. The spherulitic boundaries are hydroxy-petscheckite.
Oil immersion.

Fig. 4. Oxy-petscheckite (brightly reflecting) replaced by
hydroxy-petscheckite. As a sign of progressive hydroxylation, the
hydroxy-petscheckite extensively borders the oxy-petscheckite.

The hydroxy-phase occurs with limonite, which is
recognizable in polished section, although it is trans-
ported away in part so that iron content and degree
of hydroxylation is not constant in a sample. The
amounts of both members, which reflect the degree of
hydrolysis of the reaction, lead to variations of chem-
ical contents between U3*Fe**(Nb,Ta)sO.,(OH), and
U4+ (Nb,Ta)eO:5(OH), (Fig. 4). The general formula
of hydroxy-petscheckite is

UstFelt(Nb,Ta)eOs-5:(OH)ars:, x = 0 to 1, or
Ug+(Fez:l;?ésD;2/3)(Nb,Ta)2OZ7(OH)'>'1

Ore microscopic investigation

In polished section, oxy-petscheckite and hydroxy-

Fig. 6. Hydroxy-petscheckite with remains of oxy-petscheckite.
Oil immersion.
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Table 2. Microchemical analysis of liandratite

Table 3. Lattice constants of the uranium minerals

I i1
vo, ~ 50 48,73 (U03)
szo5 ) 36.22 g

~ 50 51.27
Ta, 05 ; 15.05 g
H,0 ~ 0.5

petscheckite are clearly distinguishable (Fig. 5). Their
proportions vary considerably, but the oxy-variety is
always dominant. The results in Table 1 are based on
an analysis of both varieties in about 1 : 1 proportion.

The color of oxy-petscheckite is white with a tinge
of orange. Against columbite, the orange tint is ab-
sent. In oil, oxy-petscheckite is light brown and
against columbite possesses a tint toward blue-gray.
Reflectance in air is about 15 percent and in oil 6
percent, slightly below columbite (Fig. 5). Ani-
sotropy under crossed nicols is absent, owing to the
metamict character of the mineral. Also encountered
are red-brown inner reflections which in oil are con-
siderably augmented. Further properties are: metallic
luster, color black, streak brown-black, hardness
about 5 (on Mohs scale).

The reflectance of hydroxy-petscheckite is about
10-12 percent lower, and it is more strongly lowered
in oil than oxy-petscheckite. The two varieties are
thus easily distinguished from each other, and the

Table 4. d-values for oxy-petscheckite after a single heating at
650°C (CuKa radiation, 57.3 mm camera diameter)

No. |Int. 28obs dops dealc hkil
1 10 22.10 4,02 4.02 0001
2 10 27.80 3.21 3,208 1120
5 8 35475 2.51 2.507 1121
4 2 45.00 2,01 2.010 0002
5 2 48.95 1.861 1.861 2131
6 3 49,25 1.850 1.852 3030
7 44 54.05 1.697 1.682 3031

1.7032 1122
8 2 62.20 1.492 1.490 22T
9 2 64,90 1.437 1.439 3154

10 1 69.05 1.360 1.362 3032

11 1 72.30 1.307 1.312 40T

12 1 79.00 1.212 1.212 4150

13 1 83.20 1.161 1.161 4151

indexed
a(A) | c(4) | d-value remarks

Oxy-
petscheckite 6.42| 4,02 | Table &4
Hydroxy- decomposes by heating
petscheckite
Liandratite 6.36| 4.01| Table 5
UTa,0q 6.41| 3.95| Table 5
Uran- by heating of hydroxy-
pyrochlore 10.36 petscheckite

“phase boundary” runs continuously (the reflect-
ances alternate within the value of oxy-petscheckite
on one side and hydroxy-petscheckite on the other
side) and is a sign of progressive hydroxylation (Fig.
4).

The color is gray-brown, in oil dirty gray-brown
and speckled; that is, it is in part a mixture of oxy- and
hydroxy-petscheckite (Fig. 6). Some domains consist
only of hydroxy-petscheckite with enclosures of limo-
nite. Under crossed nicols, numerous red-brown to
yellow-brown inner reflections can be discerned. Fur-
ther properties are: luster semi-metallic, color dark
brown, streak light brown, hardness 3 1/2.

Liandratite

Petscheckite is usually completely enclosed by a
glassy transiucent yellow to yellow-brown phase. The
crust is within 1-2 mm in thickness and, like pet-
scheckite, it is metamict. The mineral contains only
the principal metals U, Nb, and Ta, and traces of Fe,

Table 5. d-values for liandratite (CuK« radiation, 57.3 mm camera
diameter) and for synthetic UTa,0, (from Gasparin, 1960)

Liandratite UTa208
No. Int., | 2Pops dobs calc Int d hkil
1 8 22.15 4o L.o1 ai 3.94 0001
2 10 28.10 3.18 3.179 ti 3.20 11720
3 4 36.10 2.49 2.491 ¥ 2.49 1121
4 1 45,35 2.00 2.005 ai 1.978 |oooz
5 3 49.60 1.838 1.835 ai 1.855 |3030
6 2 54,20 1.692 1.696 a 1122
7 1 55.10 1.667 1.669 i 1.676 |3031
8 1 58.00 1.590 1.590 ai 1.607 |22G0
9 { 62.85 1.479 1.478 ai 1.487 |22%1
10 1 69.45 1.353 1.354 af 1.351 |3032
11 1 76.60 1.244 1.245 af 1.244  |22%2
12 2 79.95 1.200 1.201 ai 1.218  |4150
13 1 84.20 1.150 1.151 ai 1.159 |15
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Table 6. d-values for the pyrochlore (CuKw radiation, 57.3 mm
camera diameter)

U(Nb, Ta)207 U-bearing
after heating (cri}slio;?izr'zl)

No. Int. d Int. d hkl
1 - 4 733 110
2 10 300 10 3.01 222
] ) 2.60 3 2.61 400
4 6 1.83 8 1.84 440
B - il 1.72 600
6 8 1.558 6 1.575 622
L4 - 1 1.483 710
8 2 1.494 1 1.514 iy
9 1 1.296 1 1.302 800

10 3 1.188 2 1.202 662

1 2 1.158 2 1.168 840

1 1.070 8hh

Mn, Th, and Pb. The results from a microchemical
analysis are in Table 2, column I. These contents
correspond to a composition U(Nb,Ta),0s with a
Nb:Ta content of about 5: 1 (see column II in Table 2
for the theoretical composition). We name this min-
eral liandratite. Liandratite is yellow to brownish-
yellow, streak yellow-white, transiucent with glassy
luster, fracture conchoidal, hardness 3 1/2, n = 1.83.
U(Nb,Ta),O; arises through complete oxidation of
uranium and iron, where nearly all Fe** ions have
been removed. This process occurred in situ and only
on the surface of petscheckite crystals, which are
therefore epitaxially overgrown by liandratite.

X-ray studies

The petscheckite varieties and liandratite are re-
crystallized by rapid heating at red heat (~650°C). In
hydroxy-petscheckite, shrinkage cracks appear. The
results of the X-ray powder study are given in Tables
3 to 6. If both petscheckite varieties are heated for 24
hours at 1000°C, two distinct phases arise which
appear to be homogeneous.

Liandratite remains a single phase by heating, but
oxy-petscheckite forms a small amount and hydroxy-
petscheckite principally converts to uranpyrochlore.
The appearance of uranpyrochlore, especially from
hydroxy-petscheckite, is supportive evidence for the
afore-mentioned formulae. Through heating the fol-
lowing reaction is complete:

2UstFe®*(Nb,Ta)eO2(0OH); — 3U*+(Nb,Ta),0,
hydroxy-petscheckite uranpyrochlore
+ U$*Fed*(Nb,Ta)s0,, + 3H,0
oxy-petscheckite

Starting with U**(Nb,Ta),0(OH),, only uran-
pyrochlore arises by heating, so that collectively a
quantity of preponderant uranpyrochlore and oxy-
petscheckite remains behind. Hydroxy-petscheckite is
therefore not fully transformed by heating from the
metamict state to crystals, since during heating water
is lost and a fraction of uranpyrochlore and oxy-
petscheckite are decomposed. These transformations
through heating conclusively demonstrate the afore-
mentioned increase in the charge of uranium. If ura-
nium in hydroxy-petscheckite was not 4-valent, it
would not recrystallize as uranpyrochlore. In liandra-
tite, where U®* is present, lines corresponding to
pyrochlore are missing in the powder diagram.

The specific gravity of unheated petscheckite is 5.0
and increases after heating to 5.5. Corresponding to
Gasparin’s (1960) structure cell with Z = 1, we get
calculated values of 7.2 for oxy-petscheckite and 6.6
for hydroxy-petscheckite. The specific gravity of
heated liandratite is 7.0. Computed specific gravity
ranges between 6.523 for UNb,Oy and 8.604 for
UTa,04.

For petscheckite and liandratite the indices for the
powder patterns are in accord with the results of
Gasparin (1960) for UTa,0, with space group P31m.
In contrast with Fe-free liandratite which corre-
sponds to synthetic UTa,O,, in petscheckite the atom
positions at 003 (b) for this space group are occupied
by Fe?". The U**-Fe?* separation is 2A.

We thank Dr. A. Clauss for the calculated in-
tensities of UTa,0, and UFeTa,0,, which were based
on the structure proposed by Gasparin (1960). The
results on the two compositions are practically in-
distinguishable and are in good agreement with the
results on the new minerals in the present study.

Fig. 7. Oriented inclosure of columbite (size about 1 mm) in
hydroxy-petscheckite. Oil immersion.
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Furthermore, the agreement between our data and
those of Gasparin (1960) are quite good.

Inclusions in petscheckite

Both varieties of petscheckite have intergrowths of
magnetite as elongated disks. The magnetite bodies
are arranged parallel to each other and form an ori-
ented intergrowth with petscheckite. As already dis-
cussed, magnetite is of the same age as oxy-pet-
scheckite, and its presence suggests that during the
formulated transformation of petscheckite into oxy-
petscheckite, the formation of free Fe,O, is quite
probable. Furthermore, since a distinction in the fre-
quency of magnetite could not be established in oxy-
petscheckite and hydroxy-petscheckite, the indirect
formation of hydroxy-petscheckite from oxy-pet-
scheckite is more likely than the direct formation
from petscheckite. The inclusions of magnetite in
hydroxy-petscheckite are, in part, significantly more
martitized than in oxy-petscheckite.

The characteristic appearance of the associated
columbite, distinct in orientation from crystals which
grew freely, is related to the petscheckite according to
more than one law (Fig. 7). It forms with petscheck-
ite, U**Fe**(Nb,Ta),0s, a primary diataxial inter-
growth. The columbite crystals appear to mimic the
outline of an enclosed hexagonal crystal so that the
primary petscheckite—analogous to the heated prod-
uct—was in fact hexagonal.

Other products of reworking

In addition to the crust mineral liandratite, other
locally concentrated minerals were encountered
which are not metamict.

(1) Matted to ribbed thin examples of a dirty

brown to yellow powder. The mineral belongs to the
pyrochlore group. The powder photograph was in-
dexed on @ = 10.44A (Table 6). From a crude esti-
mate, the formula (Ca,U,Pb)(Nb,Ta),0, is proposed,
and therefore it is a lead-bearing uranpyrochlore. In
spite of its U-content the mineral is not metamict,
suggesting late-stage younger crystallization. This im-
plies that pyrochlore is not only an early high-tem-
perature mineral but a phase which can also form
under hypogene conditions.

(2) Next to liandratite, the most frequently en-
countered crust mineral is Nb- and U-bearing meta-
halloysite which is most frequently white and occa-
sionally yellow-brown. Intimate mixtures of fine-
grained pyrochlore and metahalloysite have also been
encountered. Other crust materials exist in a similar
association, but these minerals have not been investi-
gated in greater detail.
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