
Canadian Mineralogist
Yol.29, pp. 95-105 (1991)

PHURCALITE FROM PERUS, SAO PAULO, BRAZIL, AND REDETERMINATION OF ITS
CRYSTAL STRUCTURE

DANIEL ATENCIO AND REINER NEUMANN
Departamento de Mineralogia e Petrologia, Instituto de Geoci€ncias, Universidade de Sdo Paulo, Caixa Postat 20899,

01498 Sdo Paulo, SP, Brasil

ANTONIO J.G.C. SILVA AND YVONNE P. MASCARENHAS
Departamento de F{sica e Ci€ncia de Materiais, Instituto de Fbico e Qu{mica de Sdo Carlos, Universidade de Sdo Paulo,

Coixa Postol 369, 13560 Sdo Carlos, SP, Brasil

ABSTRACT

Phurcalite has been found filling fractures in the
tourmaline-bearing granitic pegmatite of Perus, in the
northwestern part of 56o Paulo city, Brazil. It forms
aggregates of radiating euhedral crystals up to 5 mm in
length. The crystal structure of phurcal i te,
Ca2(UO)3O2@Oq)z.7HzO, orthorhombic, tpace exoup
lQca, o t7.4lsQ),, 16.035(3), c 13.598(3) A, V 3797Q)
4", Z = 8, has been solved by single-crystal X-ray-
diffraction methods and refined to an R of 3.890 using 2065
observed tI> 3o(I)l reflections. The structure consists of
truot3o2(Por2lf;- layers, parallel to (010), which are
connected by Ca2+ions and H2O. The coordination poly-
hedra are: for U(1) a hexagonal bipyramid, for U(2) and
U(3) pentagonal bipyramids, for Ca(4) and Ca(5) a capped
trigonal prism and a triangulated dodecahedron, re-
spectively, and for P(6) and P(7), tetrahedra. As a conse-
quence of this work, the structural formula of phurcalite,
previously reported as Ca2(UOJ:(POdz(OF0a.4H2O, must
be changed to Ca2(UO)3O2(POa)2.7H2O. The anaMcal
formula, derived from microprobe data, is
(Ca1.e7Ke.65)s2.02(UOr2.s7O1.e3[(POrr.e0(SiOro.oa[r.sa.
7.57H2O.

Keywords: phurcalite, hydrous calcium uranyl oxy-
phosphate, pegmatite, crystal structure, X-ray diffrac-
tion, physical and chemical characterization, Perus, 56o
Paulo, Brazil.

SoNaverns

Nous avons trouvd la phurcalite le long de fissures dans
une pegmatite granitique d tourmaline de Perus, dans la
partie Nord-Ouest de la ville de Sio Paulo, au Br6sil. Les
agr6gats fibroradi6s de cristaux idiomorphes atteignent 5
mm en longueur. La phurcalite est orthorhombique, g^oupe
spatial PJca, a 17.4r5Q), b 16.035(3), c 13.598(3) A, Z
3797Q) 43, Z = 8. Sa structure cristalline a 6t6 affin€e par
diffraction X, sur cristal unique, jusqu'i un r6sidu R de
3.890 en utilisant 2065 rdflexions observ6es [I>3o(I)]. La
phurcalite contient des feuillets t@O):92@O+)zlfo- paral-
lbles i (010), et li6s par des ions C*- et des moldcules
d'eau. Les polyddres de coordination comprennent un bipy-
ramide hexagonal pour U(l), des bipyramides pentagonaux
pour U(2) et U(3), un prisme trigonal i capuchon pour

Ca(4), un dod6cabdre i faces trianguldes pour Ca(5)' et des
t6trabdres pour P(6) et P(7). La formule structurale, inter-
pr6t6e comme 6tant Ca2(UO)3@Or2(OH)4.4H2O aupa-
ravant, devient Ca2(UO)3O2@O)z.7HIO. Les analyses d
la microsonde dlectronique ont donn6 (Car.sz&.os)r2.02
(UO)z.erOr.ssleOrl.eg(Siot o.ulil.sa.l .57Hza.

(Traduit par la R6daction)

Mots-clds: phurcalite, oxyphosphate hydrat6 de calcium et
d'uranyl, pegmatrte, structure cristalline, diffraction X,
caracterisation physique et chimique, Perus, 56o Paulo,
Br6sil.

INTRODUCTION

Phurcalite occurs in the Perus district, 56o Paulo
city, Brazil, and corresponds to "mineral X" of
Camargo (1965), also quoted as "unnamed uranyl
phosphate" by Fleischer (1974) afi Fleischer el a/.
(1934). The other recorded occurrences of phurca-
lite are at Nisa, Alto Alentejo, Portugal (Lencastre
& Vairinho 1970, Braithwaite et ol. 1989), Bergen
an der Trieb, Vogtland, Saxony, Germany (Deliens
& Piret 19?8), Streuberg, near Bergen an der Trieb
(PDF 30-285), Shinkolobwe, Shaba, Zaire @eliens
& Comblain 1978), Kern County, California @em-
berton 1983, Braithwaite et al, 1989), Riverside
County, California (Chew 1982) and Dartmoor'
southwestern England (Braithwaite et al. 1989).

New data are presented here to better define the
properties of the mineral, and to document at the
same time a chemical formula that shows a better
agreement with new structural information. The
crystal structure of phurcalite was solved by Piret
& Declercq (1978). The formula given was
Caz(UOJ:(PO )2(OH) 4.4H2O, with a final residual
indix R of l2t/0. However, there are problems with
their structure. Bond-valence considerations derived
from the bond lengths determined by Piret &
Declercq (1978) clearly suggest that (i) O(14) and
O(17) are isolated Ol anions and not (OtI)- groups,
(ii) O(24) to O(29) are all HrO groups, and (iii) an
additional oxygen atom linked to Ca(5) might exist.
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Ftc. l. Location map.

Ftc. 2. Phurcalite: a) an aggregate of radiating crystals; b) an individual crysal from Perus.
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To resolve these points, a new structural study of
phurcalite was undertaken using a crystal from the
occurrence at Perus.

OccunnsNcp AND PARAcENESIS

Phurcalite fills in fractures of the tourmaline-
bearing granitic pegmatite at Perus, a district in the
northwestern part of Sdo Paulo cify, Brazil (Fig. l).
Only one hand specimen with this material rvas obtai-
ned, which served as a basis for this study. No other
uranium mineral is directly associated with phurca-
lite in this hand specimen, but several other uranium
minerals occur in the pegmatite fractures: autunite,
meta-autunite, chernikovite, torbernite, metatorber-
nite, phosphuranylile, uranophane, uranophane-beta
and haiweeite. For background information on the
geology and mineralogy of the Perus area, see
Camargo & Coutinho (1960), Hasui (1963), Gabel-
man (1963), Camargo (1965), Camargo & Svisero
(1969), Svisero (1976), Coelho (1980), Madureiraet
al. (1986) and Atencio (1988).

Phurcalite is interpreled as a secondary mineral,
product of hydrothermal activity. DTA and TGA
data (see below) suggest that the temperature of for-
mation did not exceed 150oC.

Hearr arp PHYSIcAL Pnoprnrtss

Phurcalite from Perus forms aggregates of rad!
ating euhedral crystals, tabular according [010] and
elongate following [001] (Fig. 2). Morphological
studies by Camargo (1965) showed the presence of
pinacoids {010} and { l@}, rhombic prism { I l0} and
rhombic dipyramid {lll} (Fig. 3). The crystals
studied are up to 5 mm in len$h, whereas those first
described by Camargo (1965) and all the others cited
in the literature have a maximum length of I mm.

Phurcalite is bright yellow, transparent and dis-
plays a vitreous luster, grading to adamantine in the
largest crystals and to silky in the fine aggregates.
The streak is pale yellow. The crystals in this study
do not fluoresce in short- (254 nm) or long-wave (366
nm) ultraviolet radiation. Camargo (1965) noted
weak pale green fluorescence only under short-wave
ultraviolet radiation. Phurcalite has good cleavages
on {@1} and {100}, and a perfect cleavage on {010}.
It is brittle, with a conchoidal fracture. Hardness
measurements were carried out with a Vickers micro-
hardness tester. Two indentations (5 g load) gave
VHN values of 86 and 95 (average 90.5) correspond-
ing (Young & Millman 1964) to a Mohs hardness of
2.4.

The density determination was carried out on crys-
tals using Clerici solution diluted with distilled water.
The resulting average of four determinations is
4.n@ g/crrf . The calculated density is 4.220
g/cm3.

(  b ) q_--.'p.

Frc. 3. Habit of phurcalite from Perus (modified from
Camargo 1965): a) the most frequent habit; b) the rarest
habit. Faces (010) and (100) were interchanged to agree
with the orientation proposed by Deliens & Piret (1978).
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FIc, 4. Thermal data for phurcalite from Perus: a) ther-
mogravimetric curve; b) differential thermal curve,

Optical dara were determined in white light. phur-
calite is biaxial negative, dispersion rly medium,
orientation X: b,Y = oandZ = c; absorption
X<Y<Z, positive elongation. Other optical proper-
ties for phurcalite are presented in Table l.

CrmulceL Dana

Nineteen analyses of two crystals were carried out
in the Institute of Mineralogy, University of Berne,
Switzerland, by means of an ARL-EMX automated
electron microprobe fitted with an energy-dispersion
analyzer. The operating voltage was 15 kV, and the
sample current 3 nA. The COMIC.ED program,
l98l version, was used for corrections. The following
standards were used: metallic uranium (J), wol-
lastonite (Ca and Si), apatite (P), adularia (K) and
pyrrhotite (S). Metallic uranium was polished and
recoated shortly before analysis in order to avoid oxi-
dation. The results demonstrate a homogeneous
chemical composition. No other elements with
atomic number greater than l0 were found by
energy-dispersion X-ray fluorescence. A separate
hand-picked sample was used to determine concen-
tration of hydrogen on a Perkin-Elmer Model Z0B
Elemental Analyzer, recalculated to HrO. The aver-
age results of the chemical analyses of phurcalite
from Perus (with ranges in brackets) are compared
with those from other occurrences in Table 2. Only
at one point was 0.0470 SO3 detected. The empiri-
cal formula for phurcalite from Perus (based on 23
atoms of oxygen) is (Ca1.e7Ks.o)zz.oz(IJO)2.r,
o1.e7[(Porr.e0(sio/6.6a]s1.ea.7 .57HzO.

The differential thermal curve shows an intense
endothermic peak with a maximum at l50oC, cor-
responding to loss of H2O, as confirmed by the
thermogravimetric curve. A small irregularity in the
DTA curve at about 550'C may correspond to a slow
volatilization of oxide from above about 500"C, as
suggested from a TGA curve obtained by Braithwafue

et al. (1989). No further change takes place until
about 900oC, when melting begins (Fig. 4).

A more detailed infrared-absorption spectrum
than that given by Camargo (1965) was obtained
(Fig. 5). The following absorption maxima (in cm-)
were observed: 3400, 1615, 1 140, 1055, 960, 885, 575,
540, 385 and 255. The very broad band centered at
3400 cm-r is due to the stretching vibration of H2O.
The band at 1615 cm-r is a consequence ofthe bend
vibration of H2O. The peaks observed between 960
and ll40 cm-r are probably those of the stretching
vibrations of POo tetrahedra. The band at 885 cm-r
is due to UO2.

Phurcalite is insoluble or very slowly soluble in
water but soluble in cold l:l acids: HCI (readily, with
effervescence), HNO3 (readily), and H2SOa (slowly,
with a grey coating).

CnvsrellocnepHy AND Cnvsral Srnucrunn

X-ray powder-diffraction data for phurcalite from
Perus were obtained uti l izing graphite-
monochromatized CuKa radiation. The results are
compared with those for phurcalite from other
occurrences in Table 3.

A single crystal of dimensions 0.03 x 0.10 x 0.45
mm was selected for intensity measurements on a
CAD-4 Enraf-Nonius diffractometer using graphite-
monochromatized MoKo radiation. Room-
temperature cell parameters (Table 4) were deter-
mined by a least-squares procedure applied to the
setting angles of 25 strong reflections in the range
9.45'<0<20.53". The unit cell is orthorhombic,
space group Pbca, Z : 8. The q:b:c relation for the
unit-cell parameters is 1.086:l:0.848 for the Perus
sample.

Calculations using the Gladstone-Dale relation-
ship were performed using the chemical data, the
measured density and the recorded indices of refrac-
tion of the Perus phurcalite. Most conslants used are
those reported by Mandarino (1981); the constant
for UO3, 0.134, is that given by Larsen (1921),
allowing a better agreement for the uranyl phos-
phates @iret & Deliens 1989). These calculations
yielded Kp : 0.172 and Kg : 0.175. Hence
l-(Kp/Kd is 0.017 indicating, according to Man-
darino (1979), superior compatibility.

The diffraction intensities were measured by the
co-20 scan technique up to A = 25o in the range 0
s h s 16, 0 s k < 19 and-2 s,l < 20, using
an intensity-dependent variable rate of scanning
between 2.88'0.min-r and 10.00".min-r. A total of
3298 unique reflections. were measured; of these,
2065 had an intensity greater than 3o(I). Two peri-
odically monitored reflections showed no significant
changes in intensity. Intensity data were corrected
for Lorentz, polarization and absorption (Enraf-
Nonius Structure Determination Package), owing to



PHURCALITE FROM BRAZIL
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Frc. 5. Infrared-absorption spectrum of phurcalite from Perus.
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the elongate shape of the crystal and high coefficient
of linear absorption Q5l.9l cm-r) . After the cor-
rection for absorption, R6, fell from 10.2 to 5.890.

Scattering factors for neutral atoms and coeffi-
cients of anomalous dispersion were taken from
Cromer & Mann (1968) and Cromer & Liberman
(1970), respectively. The position ofuranium atom
U(l) was determined by the Patterson method, and
those of U(2) and U(3), by difference-Fourier tech-
niques. After least-squares refinement of the coor-
dinates and the anisotropic temperature-factors of
the U atoms, the position of atoms other than ura-
nium was obtained by the difference-Fourier tech-
nique. Isotropic refinement of all 30 atoms [U(l),
U(2) and U(3) anisotropicl converged to an R index
of 4.2t/o and R* of 4.40/0, where R = EIF.I-
/c I F" I )/D I F". The function minimized in the refine-
ment was Ew( | F" l-k lF.l)2, where w : to2(F,) +
0.001F^21-', and k is the scale factor. Refinement
with af anisotropic temperature-factors presented
some problems regarding O(10) and O(19) (non-
positive definite). For this reason, they were included
in the model with isotropic temperature-factors. A
few more cycles of full-matrJx (?51parameters) least-
squares refinement yielded a final R index of 3.890
and R* of 4.00/0,

Final atomic positions are given in Table 5. The
coordinates are not those originally determined, but
we performed translations in order to easily compare
them v/ith those from the paper of Piret & Declercq
(1978). Anisotropic temperature-factors are listed in
Table 6, and selecled interatomic distances and
angles, in Table 7. The several footnotes in Table
7 are pertinent to the translations made in Table 5.

Empirical bond-valences (Table 8) were calculated
using parameters from Brown & Wu (1976) for
U6+- 02- bonds and from Brown & Alterman
(1985) for C**- o,2- and P5"- 02- bonds. origi-
nally, this table was obtained using all the constants

from Brown & Altermatt (1985), but the bond
valences involving uranium seemed less accurate than
those involving other cation-oxygen bonds. Brown
& Shannon (1973) reported a root mean square devi-
ation of 590 for the bond-valence method. However,
the values for all U atoms in phurcalite were found
to deviate from ideality (6 v.u.) by a much greater
extent (up to l09o using the constants from Brown
& Altermatr (1985) (R" : 2.075 and B = 0.37).
Using the older constants for U6*- 02- bonds from
Brown & Wu (1976) (Ro = 2.059 and N : 4.3), we
found an improved result not only for U6*, but also
for all oxygen ions bonded to U6*. It must be noted
that the values for Ro quoted by both Brown & Wu
(1976) and Brown & Altermatt (1985) represent the
average of values for reported structures and may
differ owing to physical variations in the cation
environment. Brown & Altermatt (1985) recorded a
standard deviation of 0'046 for Ro : 2'075' The
value for R : 2.059 from Brown & Wu (1976) fits
in the interval determined by this standard deviation.

Observed and calculated structure-factors (Table
9) may be obtained from the Depository of Unpub-
lished Data, CISTI, National Research Council of
Canada, Ottawa, Ontario KIA OS2.

Most of the calculations were performed on a
VAX lll780 computer. Both Patterson and Fourier-
difference methods and refinement of the structure
were performed using the SHELX-76 program (Shel-
drick 1976). Bond lengths and angles were calculated
using program NRC-12 @ippy & Ahmed 1968). The
structure projections 'cqere drawn with program
ORTEP (Johnson 1965), which is incorporated in
the Enraf-Nonius Structure Determination Package.

DISCUSSION

The structure of phurcalite consists of
t(UOr3O2GOo)rlf* layers, similar to those in
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dumontite (Piret & Piret-Meunier 1988). The coor-
dination polyhedra are: for U(1) a hexagonal
bipyramid, for U(2) and U(3) pentagonal
bipyramids, and for P(6) and P(7) tetrahedra (Fig.
6). The layers are parallel to (010) and connected by
two Ca and seven H2O. The coordination poly-
hedra for Ca(4) and Ca(5), shown in Figure 7, are
capped trigonal prism (seven vertices) and triangu-
lated dodecahedron (eight vertices), respectively. The
methods of Porai-Koshits & Aslanov (1972) and
Muetterties & Guggenberger (1974) were used for
determining the polyhedron around Ca(5). The
angles 6 between pairs of faces intersecting along the

f f i n , z t  D t l z + x , l n - \ , - z l
E 1n-l.-1,1r2+Zi Ft -X,ln*\,1n'Zt G: -X'-Y,-z.

type-D edges lthe ones that link O(20)' OQz), OQ8)
a"A OtZ)t are, in phurcalite, 15.3, 27.9,28.1 and
28.7". The angles <p between two planes (the first
plane contains the short base of the body-diagonal
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u(1) ut2) u(3) a(4) G(5) p(6) p(?j  :  tu.crcry

Tff 8. IiDVMG Tff M MlJmIE t r igonal  pr ism,61 = 0o,62 :  21.8o,63 :  fo  :
48.2" anid 9r = 9z: 16.l'; and in the ideal square
antiprism, 6r : 0z : 0o, 6r - 6a : 52.4" a1.d 91
: ez : 2.5o. Consequently, the polyhedron
around Ca(5) in phurcalite is very close to an ideal
dodecahedron. The projections of the phurcalite
structure parallel to (010), (100) and (001) are shown
in Figure 8.

Final atomic positions (Table 5) are practically
identical to those from Piret & Declercq (1978),
except for the additional atom O(30), not found by
them. Although the hydrogen atoms were not located
directly from the X-ray data, a sensible hydrogen-
bond arrangement could be derived from local bond-
valence requirements (Donnay & Allmann 1970). The
variation in bond length (Table 7) correlates well with
the bond-valence analysis (Table 8). Intersheet link-
age is increased through hydrogen bonding from the
H2O groups to oxygen anions of the sheets.

The suspected possible errors in the crystal-
structure determination by Piret & Declercq (1978)
were confirmed by this new study. The present result
suggests the formula Ca2(UO)3O2(PO)2.7H2O for
phurcalite.

Relationship to other hydrous
colcium uranium phosphotes

Several hydrous calcium uranium phosphates have
been described in addition to phurcalite, including
autunite, meta-autunite, pseudo-autunite, phos-
phuranylite, ningyoite, tristramite, lermontovite, and
Blinkoff's compound I, quoted by Ross (1956). No
structural data are available for pseudo-autunite, ler-
montovite and Blinkoff's compound I. Tristramite
is probably isostructural with rhabdophane-(Ce),
rhabdophane-(La) and brockite: the overall arrange-
ment may be described as columns built up of alter-
nate Caz* (or Ua*) and (POi-) ions, extending
along the c axis, each column linked to four neigh-
boring columns; ningyoite has a similar structure
(Atki\ et ol. 1983). Neither the microprobe analysis
nor the bond-valence sums of phurcalite support the
U-Ca replacement that seems to occur in tristramite
and ningyoite.

Autunite and meta-autunite possess sheets of the
type (UOrPOn)fi-; between the sheets lie water
molecules and calcium atoms (Beitema 1938). Phos-
phuranylite is quite similar to phurcalite. Unit-cell
parameters are the same for both minerals. The X-
ray-diffraction patterns differ only by different sys-
tematic absences. The crystal structure of phos-
phuranylite (Shashkin & Sidorenko 1975) has little
value because the studied mineral has 3.090 Pb and
0.50/o Ca and is really a probable case of calcian
renardite. Besides, the final R value found was
15.70/0, and no H2O oxygen ion was located. A
crystal-structure study of phosphuranylite is in
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trapezoid and passes through the midpoint of the
long base, whereas the second contains the long base
of the trapezoid and passes through the midpoint of
the short base) are, in phurcalite, 0.3 and 5.4o. In
the ideal dodecahedron, all four d angle are equal
to 29.50 , &fld 91 = ez = 0" : in the ideal bicapped

8 . m  6 . 4 7  A . 4  z U  2 . 8  4 . n  4 . 8

Ftc. 6. Hexagonal and pentagonal bipyramids around ura-
nium and tetrahedra around phosphorus.

t
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Frc. 7. Coordination polyhedra around Ca: a) capped trigonal prism around Ca(4); b) triangulated dodecahedron around
Ca(5).

progress in order to test whether phosphuranylite
and phurcalite are polymorphs.

AcKNowLEDGEMEIT{Ts

The authors thank the International Union of
Crystallography for a copy of the list of structure
factors of phurcalite; J.S. Taddeo for the help with
the Vickers hardness measurements; J.M.V. Cou-
tinho and A.M. Coimbra for assistance with deter-
mination of optical properties; J.H.D. Schorscher
and Tj. Peters for providing microprobe analyses;
E.L.A. Macchione for technical support with the
EDS; G. Vicentini and L.E.S. Narimatsu for the H
determinations; G. Vicentini for the infrared-
absorption spectrum; V.A. Zampieri for the DTA
and TGA spectra; D.A.P. Bulla, E.H. Mishima,
O.W.R. Almeida and F.M.S. Carvalho for assistance
with X-ray-diffraction study; J.G. Catarino for his
help in the collection of intensity data; M. Deliens,
P. Bayliss and R.S.W. Braithwaite for help with the
biblioeraphy; R. Hypolito, J.V. Valarelli, H.H.G.J.
Ulbrich, W. Iwanuch, R.F. Martin, T.S. Ercit' J.D.
Grice and three anon)'rnous referees for helpful com-
ments and suggestions; and to CNPq, FINEP and
FAPESP for financial support.

REFERENCES

Armcro, D. (1988): Chernikovite, a new mineral name
for (H3O)2(UO )2(P O l2.6H2O superseding "hydro-
gen autunite". Mineral. Rec. 19, U9-252,

Arrn, D., Besuau, I.R. & Bowms, J.F.W. (1983):
Tristramite, a new calcium uranium phosphate of
the rhabdophane group. Mineral. Mag. 41,393'396,

BErrnve, J. (1938): On the composition and the crys-
tallography of autunite and the meta-autunites. Rec.
Trov. Chim. PaY*Bas 57,155'175.

BnertHwelrs, R.S.W., Paen, W.H. & Crusuolt"t, J.E.
(1989): Phurcalite from Dartmoor, southwest
England, and its identity with "nisaite" from Por-
tugal. Minerql. Mag. 53,583-589.

BnowN, I.D. & ArrBnrrlerr, D. (1985)l Bond-valence
pilameters obtained from a systematic analysis of
ihe inorganic crystal structure data base. Acta Crys-
tallogr. B4l, 2M'247.

& Snewxor.r, R.D. (1973): Empirical bond-
strength - bond-length curves for ondes, Acta Crys'
tallogr. A29,266-282.

& Wu, KeNc Kw (1976): Empirical parameters
for calculating cation-oxygen bond valences. /cla
Crystallogr. B,32, 1957'1959.

Ceuenco, W.G.R. (1965):, Minerais Uranffuros de
Perus, SP. Professorship thesis, Fac. Filos. Ci0n-
cias Letras, Univ. Sdo Paulo, 56o Paulo, Brazil
lPublished inthe Bol. Inst. Geoc. Astr. Univ, Sdo
Paulo 2, 83-201 (1971)1.

& Cournruo, J.M.V. (1960): Beta-uranofdnio
de Perus, 56o Paulo, SP. Bol. Soc. Bras. Geol.9Q\,
s-tz.

b



ra4 THE CANADIAN MINERALOCIST

o co4

o Co5

"co4o?-- ?o'"7* -8"o
o30

oco4

Frc. 8. Phurcalite structure: a) parallel to (001), water molecules not drawn; b) parallel to (100), PO|- terrahedra and
pentagonal bipyramids around U(2) not shown, and only one water assemblage drawn; c) projection of the
truOr3o2@Orzlfn- layers on (010).

Qs4 cPCo 5

& Mar.rN, J.B. (1968): X-ray scattering factors
computed from numerical Hartree-Fock wave func-
tions. Acta Crystallogr. 424, 321-324.

DrtmNs, M. & Counr-arx, G. (1978): Une occurrence
de phurcalite d. Shinkolobwe (Shaba, Zalrre). Bull.
Soc. Belge Gdol. E7,225-226.

& Prnar ,  P.  (1978): La phurcalite,
nouveau min€ral.Ca2(UO)3(POr2(OH)4.4H2O,

Bull. Mindral. 101, 356-358.

& Svrsrno, D.P. (1969): Haiweeite, a new
occurrence in Brazil. Am. Mineral. 54,966-969.

Cuew, R.T., III (1982): Phurcalite, Riverside County.
CaliJornia Geol. 35, 246-247.

CoerHo, P.E.F.P. (1980): Reconhecimento Radio-
ldgico da Regiad de Perus (SP). M.Sc. thesis, Univ.
Sdo Paulo, 56o Paulo, Brazil.

CnouEn, D.T. & Lnmuar, D. (1970): Relativistic cal-
culation of anomalous scattering factors for X rays.
J. Chem. Phys. 53,1891-1898. Dolr{av, G. & AlrMAwN, R. (1970): How to recognize



O2-, (OH)-, and H2O in crystal structures deter-
mined by X-rays. Am. Mineral.55, 1003-1015.

FrrrscsBn, M. (1974): New mineral names. Am.
Mineral. 59,208-212.

Wu-cox, R.E. & Marzro, J.J. (1984):
Microscopic determination of the nonopaque
minerals. U.S. Geol, Sum., Bull. 1627.

Gareluan, J.W. (1963): Reconnaissance for uranium
in the Perus area, Sio Paulo, Brazil. U.S. Atomic
Energy Comm. RME-4546.

Hasur, Y. (1963): Sobre os granitos turmaliniferos de
Perus, SP. Bol. Soc. Bras. Geol. 12, 87-108.

JoHr.rsoN, C.K. (1965): ORTEP. A Fortran thermal-
ellipsoid plot program for crystal structure illustra-
tions. Oat Ridge National Zab., ORNL3794.

Lansm, E.S. (1921): The microscopic determination of
the nonopaque minerals. U.S. Geol. Sun., Bull.
679.

LrNcasrnr, J. & VetntNno, M.M. (1970): Estudo de
um Mineral Uran{fero da Regido de Nisa (Portu-
gaO. Presid€ncia do Conselho, Junta de Energia
Nuclear, Lisboa, Portugal.

MaouRErRA, J.B., Fo., Szas6, G.A.J. & VncH, S.R.F.
(1986): Granadas dos turmalina-granit6ides de
Perus, SP: variag6es morfol6gicas e quimicas.
XXXU Congr. Bras. Geol., Bol, 1, Resumos e
Breves Comunica?des, 11 5-17 6 (abstr.).

MeNpanrNo, J.A. (1979): The Gladstone-Dale rela-
tionship. III. Some general applications. Cat?.
Mineral. 17. 7l-76.

(1981): The Gladstone-Dale relationship. IV.
The compatibility concept and its application. Can.
Mineral. 19, M1450.

Murrrenrres, E.L. & GuccrNssncrn, L.J. (1974):
Idealized polytopal forms. Description of real
molecules referenced to idealized polygons or poly-
hedra in geomeiric reaction path form. J. Am.
Chem, Soc. 96. 1748-1756.

PHURCALITE FROM BRAZIL

439-442.

PrMnsnroN, H.E. (1983): Minerals of Caldornia. Yan
Nostrand Reinhold, New York. [not seen; from
Mineral. Abstr. 83M/2483 and 85/ll82l.

Prppv, M.E. & Agvln, F.R. (1968): NRC Crystallo'
graphic Programs for the IBM/360 System.
NRC-12: Scan of Interatomic Distances and Angles.
National Research Council of Canada, Ottawa,
Canada.

Prner, P. & Drclrncq, J.-P. (1978): Phurcalite..4cta
Crystallogr. 834, 1677 -1679.

& DermNs, M. (1989): The Gladstone-Dale
constant f(UO3) for uranyl phosphates and
arsenates. Can. Minerol. 27' 533-534.

& Prnsr-Mrwren, J. (1988): Nouvelle determi-
nation de la structure cristalline de la dumontite
Pb2[UO)3O2(PO)2].5H2O. Bull. Mindral. lll,

105

Ponel-KosHtrs, M.A. & AsLnNov, L.A. (1972): Some
aspects of the stereochemistry of eight-c-oordinate
complexes. J. Struct. Chem- 73,244-253.

Ross, V. (1956): Studies of uranium minerals. XXII.
Synthetic calcium and lead uranyl phosphate
minerals. Am. Mineral, 41' 915-926.

Suasurtx, D.P. & StooRrNKo, G.A. (1975): Cry-stal
structure of phosphuranylite CaIUO;r(Pofz
(OH)21.6H2O. Dokl. Akad. Nauk SSSR 220,
r23-t26.

Sserontcr, G.M. (1976): SHELX-76. Programme for
Crystal Structure Determinatior. Univ. Cambridge'
Cambridge, England.

Svrsnno, D.P. (1976): Um novo h6bito em berilo.
Ci€ncia e Cultura2S1), Resumos das comunicagdes
da Reunido Anual da SBPC, 212 (abstr.).

YouNc, B.B. & MIrlrr,raN, A.P. (1964): Microhardness
and deformation characteristics of ore minerals.
Inst. Min. Metall. Trans.73, 437'466.

Received November 27, 1989, revised manuscript
accepted September 17, 1990.


