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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 tn

Madagascar. They were recrystallized through heating and investigated with the following

results:
( l)  Petscheckite, ideal ized as Ua+Fe2+(Nb,Ta)rOr, hexagonal, space group P3lm' a :  6.42,

c :  4.02A, Z : l . I t  occurs as crystals up to 4 cm long and 2 cm thick, hardness -5, specif ic

gravity -7. The color is black, streak brown-black, and fragments are opaque. Through

oxidation and hydration, two intimately intergrown varieties occur: oxy-petscheckite, Un+

(FelAI v'XNb,Ta)zOg and hydroxy-petscheckite, Ua+(Fe!r+'!rr ' )(N b,Ta)rO'(O,O H ) '
(2 )  L iandra t i te ,  U6+(Nb,Ta)2Os,  space group P3 lm,a :6 .36 ,  c :4 .01A,  Z  =  l . l toccurs

as crusts up to 2 mm thick surrounding petscheckite. The color is yel low to brown, streak

bright yel low, hardness -3 t/2, specif ic gravity -6.8, refract ive index n : 1.83 for metamict

material.  The structure of l iandrati te is identical with that of synthetic U6+TazOa. The empty
posit ion at (001) for this species is occupied by Fe in petscheckite.

The names are for Mr. Eckehard Petsch of ldar Oberstein and Professor George Liandrat

of Samo€ns, France, who have performed noteworthy prospecting activi t ies in Madagascar.

Both species were accepted by the IMA Commission on New Minerals and New Mineral

Names.

Occurrence roundings. The mineralized zone (B) around the

rhe pegmatites in the Berere region 
"" "T:: ?.tj frTt:"1i,1r,?1ff:ff:11ffiilil:1.:"ir:'#i#r1Tilikm north of rananarive and approximately.40 km 

;;;;; ;inerars are found in this zone, including
northeast of the town of rsaratanana' tt-ll: 

]l^ ;;;;;^;i"eralspetscheckiteand liandratite.Associ-
accessible lowland of north Madagascar, near the 

;;;i ';;;;"ls include striiverite, monazite, ilmenite,
boundary between basement and supracrustal rocks. 

;;;;;;, ';;; tourmaline along with the major pegma_
Like nearly all Madagascar pegmatit"t 

11?- 
uf 

il,i '. l""t"rr. crystals of so-called "niobo-tantalite"

#i"il'?ih;1T!::#ii',U-.i,","".;'*?li#;I;ilnnt**,,,fru3:li:** j::'"*:;
into amphibolites (group de Beforona, C5).

we focus attention on four pegmatires, A,l,,:Tou :lHsjliitJ"x3,TFffii#,tt#;*l';ilLTij?,i;:
I, Antsakoa II, Analila, and Ambany (Fig. t):,tn:{ ;;;;;, #*n, yellow, - *1it" in color.
are situated 0.5 to 2 km from the mining point of
Berere, which has been abandoned since 1960. The Petscheckite: chemical analysis and formula contents
pegmatities are distinctly zoned (Fig. 2). At:h:..A.lt^ fne analysis in Table I leads, on the basis of
sakoa I pegmatite the outer zone is aplitic in the 

>(N;;--l iau+ + Fe'*) : 2.00 at one site, to the
envelope (A) and beryl-bearing in the center (B). The l: --: ,- ."
feldspar of the quartz and feldspar core (a'l '; l]; formula unit

extensively weathered. The nomenclature of the (lJo rrCao.ouZro.o2Ko.or)(Fefl.+'oMnfil"Alo.o.Fe35t)
zones and the plan of the pegmatite follow Uebel
(1977). The quartz of the core juts out as bleached 

(Nbr'uuTao'a'Feo't')ot

rose quartz and extends 20-30 meters above the sur- After heating at 650oC, the pulverized mineral yields
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Fig. l. The pegmatite near Berere, Madagascar.

a powder pattern which corresponds to the hexagonal
compound UTarOr, synthesized by Gasparin (1960),
in which the valency is U6+. For the mineral de-
scribed here, however, uranium is present as Un+. For
valence balance Fe2+ is built into the structure, assur-
ing electrostatic neutrality. By metamictization and
oxidation the original primary Fe2+ was oxidized.
The original composition of petscheckite must have
corresponded to the formula gr+pez+(Nb,Ta)rOr. In
the course of subsequent reworking, two varieties
were formed: (l) oxy-petscheckite, U1+(Fe8+,8)

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

Weight

%

on

Contents

Fig. 2. The zoned Antsakoa I pegmatite in the province of

Berere.

(Nb,Ta)rOr,,l : l/3 and (2) hydroxy-petscheckite,
Ua+(Fe<lr+s,E;r7s)(Nb,Ta)rO?{OH)>r. The general
formula for petscheckite is therefore Ua+(Fe,[)
(Nb,Ta)dO,OH)'.

Origin of the varieties

Through oxidation of primary Un+Fd+(Nb,Ta),
O., Fe2+ is changed to Fe3+. In order to maintain
valence balance and the structure type,a third ofthe
total iron is removed according to the following
scheme:

9gr+ Pez+(Nb,Ta)zOs + 4O2-
petscheckite

- 3U3+Fe3+(Nb,Ta)'Ozr * FesOr f 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 HrO, hydroxy-pet-
scheckite ) 3.2 weight percent H2O.

On account of the significant difference in Fe-con-
tent, the formation of hydroxy-petscheckite proceeds
step-wise (l) directly from petscheckite:
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Fig. 3. Diskl ike magneti te inclusions oriented in hydroxy-
petscheckite. The length of the disks is about 3 p. Oil  immersion.

(a )  3gr+Psz+(Nb,Ta)2O6 +  HrO +  3OH-

- U6+Fe'+(Nb,Ta).Orr(OH)s + 2FeOOH * 3e

(b) gr+Psz+(Nb,Ta)2O6 + 2H2O + OH-

- Uo*(Nb,Ta)rO(OH), * FcOOH * e

It is also quite l ikely 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:

U!+Fe9+(Nb,Ta).O2a + 4HrO
oxy-petscheckite

- 3Ua+(Nb,Ta)rO.(OH), * 2FeOOH
hydroxy-petscheckite

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+Fe3+(Nb,Ta).Or1(OH)3 and
U!+(Nb,Ta).Om(OH), (Fig. a). The general formula
of hydroxy-petscheckite is

Ui+Fel1,(Nb,Ta)uOrr-r ,(OH)r*r" , . r  :  0 to l ,  or

Ui+ (Fe<i/r, E 5 y')(Nb,Ta)rO< {OH )> 1

Ore microscopic investigation

In polished section, oxy-petscheckite and hydroxy-

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

Fig. 6. Hydroxy-petscheckite with remains of oxy-petscheckite'

Oi l  immersion.
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Table 2. Microchemical analysis of liandratite

PETSC H ECKITE A N D LIA N D RATITE

Table 3. Lattice constants of the uranium minerals

a ( A ) c  ( A )
indexed

d-va1ue renarka

oxy-
petscheck i te

Hydroxy-
petscheckite

Limdratite

UTa^O^

Uran-
pyrochlore

6 . 4 2

6 . 4 1

1 0 . 1 6

4 . o 2

4 . 0 1

t , 9 5

Table 4

Table 5

Table 5

deconpoaes by heat ing

by heating of hydroxy-
h A l F ^ h a ^ L i  + 6

u0^

Nb^0-

Ta^0-

E A

N 5 0

* 5 0

-  o . 5

)
)

petscheckite are clearly distinguishable (Fig. 5). Their
proportions vary considerably, but the oxy-variety is
always dominant. The results in Table I are based on
an analysis of both varieties in about I : I 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
l0-12 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 radiat ion,  57.3 mm camera diameter)

"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 l/2.

Liandratite

Petscheckite is usually completely enclosed by a
glassy translucent yellow to yellow-brown phase. The
crust is within l-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 (Cui(a radiation, 57.3 mm camera
diameter) and for synthetic UTarO" (from Gasparin, 1960)
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Table 6. d-values for the pyrochlore (Cur(a radiation, 57.3 mm
camera diameter)

u(Nb, Ta)2o7

after heating

I l - h a A  r i  h  o

pyrochlore
( crust nineral )
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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)rOr with a
Nb: Ta content of about 5: I (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, translucent with glassy
luster,  f racture conchoidal,  hardness 3 l /2,  n:  1.83.
U(Nb,Ta)rO, 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 ovexgrown 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:

2Uf + Fe3+(Nb,Ta)uOr'(OH)' - 3 Un+(Nb,Ta)rO7
hydroxy-petscheckite uranpyrochlore

+ Ui+Fet+(Nb,Ta)uOro + 3HrO
oxy-petscheckite

Starting with Ua+(Nb,Ta)106(OH)r, 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 : l, 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 UNbrOs and 8.604 for
UTarOr.

For petscheckite and liandratite the indices for the
powder patterns are in accord with the results of
Gasparin (1960) for UTazOs with spacegroup P3lm.
In contrast with Fe-free liandratite which corre-
sponds to synthetic UTazOr, in petscheckite the atom
positions at 00; (b) for this space group are occupied
by Fe2+. The U'+-Fe2+ separation is 24.

We thank Dr. A. Clauss for the calculated in-
tensities of UTarOr and UFeTazOs, 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 I  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 FerOn 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, U4+psz+(Nb,Ta)rOs, 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 a : 10.44A (Table 6). From a crude esti-
mate, the formula (Ca,U,Pb)(Nb,Ta)rO, 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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