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Arsrneqr

Deliensite, ideally Fe(UO2)z(SO+)z(OH)z.3HzO, is a new mineral species from the Mas d'Alary glanium deposit, in
Loddve, Hdrault, France. It occurs as sufmillimeu'ic tabular crystals axranged in spherical ag$egates, and is associated with
uraninite, gypsum and pydte. The crystals are pale yellow to grayish white in color wittr a vitreous luster, and nonfluorescent.
D^*3.268 and Dcac 3.31 (empirical formula), 3.26 glcmt (idealized formula); I/von" = 2. OpfrcalIy biaxial negarive,
2V =73121", a 1.432(calc.), F 1.470(2) arldy 1,.492(3) with optical orientation Y and Z in ptane (tOO;, and Z ll elongation.
The dispenion r > v is weak, and the crystsls are nonpleochroic. Deliensite is orthorhombic, space group Pnnm or Pnn2, with
unit-cellparamelersrefinedfrompowderdata:415.908(5),b1.6.274(3),c6.903(1) A,VtlSi(o)Az,o:b:":0.9775:1:O.4242,
Z= 4.T\e crystals show a tabular habit, tenacity is weak, and the {100} cleavage is perfect.The shongest ten reflections of
the X-ray powder-diffraction pattern td n (A)(I)(hkDl are: 7.95(81)(200), 5.90(100) (1ll), 4.26(31)(031), 4.2o(37)(30t),
3.94(7 r)(14o),3.45(67)(002),3.r6s(s0)(202),2.893(4r)(rsr),2.596(7o)(r42) nd 2.118(27)(033). Electron-microprobe and
thermogravimehicanalysesgave:FeO7.42,UOr67.63,SO: l7.37,HzO 8.63,total TOI.O5wt.Vo.Theempiricalformula(based
on O = 13) is Feo.s0e(UQ)z.0sr(SO+)r.sas(Ol{)z.o&2.3.179H2O. Deliensite originates from the alteration of uraninite and prirnary
sulfides, with a contribution from the host focks. The mineral name honors Belgian minsral6gisf Michel Deliens. Holotype
material is deposited i1 fts mineplogical collection of the Royal Belgian Institute of Natural Sciences, Brussels, Belgium.

Keywords: deliensite, new mineral species, ferrous uranyl sulfate hydroxyl hydrate, Mas d'Alary, Loddve, H6raul! France.

So\,nr{eRs

La deliensite, de formule iddale Fe(UOz)z(SOa)z(OH)2.3H2O, est une nouvelle espdce nindrale du glte uranifEre de Mas
d'Alary, en LodEve, H6rault, France. Le mindral se pr6sente en amas de cristaux tabulaires submillimdu'iques en agr6gats
sph6rulitiques, associds e I'uraninite, au gypse et a la pyrite. [a couleur des cristaux estjaune pile d gris-blanc, avec un 6c]at
vitreux; aucune fluorescence n'est d6velopp6e en lnmiBre ultra-violette. [,e clivage {001 } est bon. D,* = 3.268 glem3 et
Dcar" = 3.31 g/cm3 (formule empirique), 3,26 glcmz (formule id6a1e). Ilysx" = 2. optiquement biaxe n6gative 2v =13121",
a 1.432(ca1c.),p 1,.470(2) ety 1.492 (2), avec orientation optique y 

"1 
2 dens Ie plan (100), et Z parallble i I'allongement. La

dispersion r > u est faible, et les cristaux sont non pl6ochroiques. La delienrsite est orthorhombique, groupe spatial pnnm ou
PwA, ave.lesparambtre.s r6ticulaires a 15.908(5), b rc.n4?) et c 6.903(l) A, V 1787Q) Az, a:b:c 0.9775:7:0.4242,2=4.1-EA
cristaux montrent un habitus tabulaire, la tenacite est faible, et le clivage { 100} est parfait. Les dix raies les plus intenses
ldG,n A)(r)(hk[)] sonr: 7.95(81)(200), 5.90(100)(111), 4.26(3r)Q31),'q.Zd?t)(7Otl, 3.s4(71)(r40), 3.4s,f7)(OO2),
3.165(50)(202),2.893(41X151), 2.596(70)(142), et 2.118(27)(033). Les analyses d la microsonde dlectronique et
thermogravin6trique ont donnd: FeO 7.42,1JOg67.63, SOg 17.37, HzO 8.63, totzl L0l.O57o (en poids). La formule empirique
(avec O = 13) ast Fe6.e6(UOrzosr(SOe)r.eag(OtDzoaz.3,l79 HzO. Le min6ral resdte de I'alr&arion de l'uraninire et des sulfiues
primaires, en combinaison avec les 6l€ments d6riv6s de Ia gangue du glte uranifdre. Le nom est i I'honneur de Michel Deliens,
min6ralogiste belge. Le min6ral est conserv6 dans Ia collection mingmlegiqgs fle I'Institut royal des Sciences naturelles de
Belgique, i Bruxelles, Belgique,

Mots-cMs; deliensite, nouvelle espdce min6rale, sulfate ferreux d'uranyle hydroxyd6 et hydrat6, Mas d'Alary, Loddve, H6rault,
France.
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Deliensite, ideally Fe(UO2)2(SO4)2(OH) z.3HzO, is
a new ferrous uranyl sulfate hydroxyl hydrate from
Mas d'Alary, Loddve, H6rault, France, collected in
L994.kon-, lead- and zinc-bearing sulfides ate associ-
ated with the uranium mineralization. Uraninite and
coffinite occur as stratiform horizons, as banded lens-
like masses, and seldom as veins. The exceptionally
high concentration ofuranium wittrin the deposits of
Loddve can only be explained by volcanic activity. The
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Frc. l. A. Photomicrograph (scanning electron microscopy) of tabular crystals of deliensite
(scale bar: 20 pm). B. Photomicrograph of spherical a59te5ate of deliensite crystals
(scale bar: 10 pm).

geology and metallogenesis of these deposits were
extensively described by Deliens et al. (1992). T\e
alteration of the primary ore leads to the formation of
a plethora of secondary uranium minerals. The abun-
dance of secondary uranium minerals is primarily due
to the diversity of primary sulfides that are associated
with uraninite. From this locality, four new uranium-
bearing species have been described: metaloddvite
(Aginrer et al. 1972), fontanite @eliens &Ytet1992),
seelite @ariand et al. 1993) and rabejacite @eliens &
Plret 1993). The discovery specimen of deliensite was



collected and given to the authors by Jean Claude
Leydet, member of "Association frangaise de micro-
min6ralogie", The mineral 4d fts minepl name (IMA
number 96--013) were approved by the Commission on
New Minerals and Mineral Names, IMA. The type
specimen of deliensite is stored as RC 4718 in the min-
eralogical collection ofthe Royal Belgian Institute of
Natural Sciences, Brussels, Belgium. The mineral
nzme honors Michel Deliens (b. 1939), head of the
division ef minsl2lsgy at the Royal Belgian tnstitute
of Natural Sciences, Brussels, Belgium" who has been
involved in the description of twenty-five new urani rm-
bearing minerals.

Monpuol-ocy, Pgysrcar Pnopenrns
AND OCCURRENCE

Deliensite occurs as pale yellow to grayish white
microtabular crystals arranged in spherical aggregates
up to 4 mm in diameter. The crystals have a mean
length of 0.35 mm and a width of 0.06{.15 mm. The
mineral is transparent to translucent, with a vitreous
luster and white streak. It is nonfluorescent. The Mohs
hardness is 2, the tenacity, weak, and the {100}
cleavageo perfect. Many crystals are twinned with
parting along (010). The SEM photomicrograph
(Fig. lA) shows crystals with a tabular habit and a
pronounced elongation on [001]. Figure lB shows the
spherical aggregates of the crystals. The density meas-
ured by flotation in heary liquids (methylene iodide +
toluene) at25'C is 3.268(7) g/cm3. The calculated den-
sity is 3.31 g/cma if based on the empirical formula,
and3.26 g/cm3 if based on the idealized formula. The
mineral is readily soluble in dilute HCl.

Deliensite was found in the oxidation zone of the
Mas d'Alary uranium deposit, LodCve, H6rault, France.
It is found in close association with uraninite, gypsum
and granular pyrite.

Opncer Cn cRAcrERlsrrcs

The mineral is biaxial negative, with a measured 2V
value of73(2)" (Iobi method). The indices ofreftaction
were determined at 589 nm: u 1..432(calc.), B I.47O(2)
and^y 1.492(2). The dispersion (r>v) is weak, and the
crystals are nonpleochroic. The optical orientation is
such that Y and Z are located in the plane (lOO), and Z
paralel to elongation (Frg. 2).

X-Ray Cnys:rarr.ocnapuy

The X-ray powder-diffraction data were recorded
with a Guinier-H6gg camera using monochromated
CuKar radiation (7\ 1.5406 A). Synthetic fluor-
phlogopite (SRM-675) was used as a calibrant for rhe
lower-20 values, and silicon powder (SRM-460) was
used for the hi$er-20 values. The relative intensities of
the difftaction lines were measured with a Carl-Zeiss
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Frc. 2. Optical orientation of the vibration directions in
deliensite.

Jena MD-100 microdensitometer. The pattern is
unique, and could not be matched with any phase in
the ICDD Powder Diffraction File. Single crystals of
deliensite were examined using Weissenberg methods
employing Ni-filtered Cu radiation. Film data of the 0,
L and 2levels for a crystal mounted along the c axis
indicate orthorhombic symmebry. Systematic absences
give the permissible space-groups Pnnm(58) or Pnn2
(34). The refined unit-cel p:uameters: a 15.908(5),
b 16.274(3), c 6.9o3(l) A, v r787(l) 43, a:b:c
0.9775:l:0.4242, Z = 4, are based on the d-values of
34 X-ray powder-diffraction lines. The indexing of
the powder-diffraction lines is conformable with the
single-crystal Weissenberg data. The program PIRUM
(Werner 1969) was used for unit-cell refinement.
Figure of merit values are M(20) = 16, F(20) =
1 9(0.008 1 40, 1 32). A tully indexed powder-ditfr action
patlern is given in Table 1.

Crumcer- ColposmoN

Crystals of deliensite were chemically analyzed
with a Cameca SX-50 electron microprobe, utilizing a
beam size of 2 pm, an operating voltage of 15 kY and
a berm current of 20 nA. Except for the maj61 gs6t.-
nents, no peaks of elements with an atomic number of
6 or greater were significantly above the detection
limit, indicating that deliensite is essentially a pure
Fe-U-S phase. The following standards were used:
hematite (Fe), synthetic uraninite (U) and barite (S).
The HzO content was determined thermogravimetri-
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?n 7.95 7.954 81 701
0ll 6.34 6.355 l5 033
ll l 5.s 5.901 l@ 262
qll 4 4265 3l 83
301 4n 4l'.5 37 080
040 4.06 4.068 13 lto
140 394 3.942 7l 053
w2 3.45 3.451 67 153
m2 3.165 3.16 50 43
051 2.942 2.94 2t @1
l5l 2.89t 2.895 4t ',t@

4t 2.629 2.630 16 @4
142 2.5% 2.597 70 291
161 2.4m 2.493 9 M
u2 2.357 2.358 t5 144
I t3 2.?55 2255 21 155
I'tr 2.rv. 2.192 t0 674

TiqBLE l. X-RAY POWDER-DIFFRACTION DATA FOR DEUENSITE

ttU d*(A) d*(A) ,{d d&(A) de(L)

2.158 2.159 8
2.i l8 2.118 27
zc6t 2.w l0
2.46 2.U7 I
2.033 2.934 u
2.0t9 z0l8 9
1.878 1.879 9
1.865 1.866 20
1.789 1.7t9 9
t;149 t.749 19
1.74t t.742 t2
1.725 L.T)6 2,
r;tv 1.76 19
1.6E6 1.6&7 14
l.sEO 1.581 U
1 2 6 5 t 7 l 0
l l ? 2 a l l

caily. A thermogravimetric analysis (fGA) revealed
a total loss of 8.63 wt.Vo. Five electron-microprobe
analyses, carried out on each of four different
crystals, yield (in vvt.Vo) FeO 7.42(5.70-8.36), UOr
67 .63 (65.4249. 88), and SO z l7 .37 (l 6.7 1 - I 8.20) ; with
the 8.63Vo HzO, the total is lol.05 wt.Vo. Fe3+ could
not be detected by microchemical tests using KCNS on
separate crystals. This does not preclude that some
crystals of deliensite may be partialy oxidized. The
oxide formula calculated on the basis of 13 O atoms is:
0.909 FeO'2,081 UOg'1.949 503.4.2'4 HzO. The em-
pirical formula, taking into account electroneutrality, is:
Feo.gog(UOz)z.oer (SOa)r.s+s(OH)2.sg2.3.179H2O. The

ideal formula is Fe(UOz)z(SO+)z(OIf)z.3HzO. Calcula-
fions of the Gladstone-Dale relationship, using the
constants of Mandarino (1981), yield a compatiblity in-
dex of 0.072, which indicates fair agreement between
physical and chemical data using the measured density.

Tm.MALSTABIrIY

The thermal stability of deliensite was studied
with a thermogravimetric aaalyzer TGA 2950, TA
lnstruments, utilizing a heating rate of 5'C/min and a
constant Nz-flow of 50 ml/min. The TGA curve
(Fig. 3) shows that dehydration and dehydroxylation
do not take place in distinct steps; instead, over an
interval between 110 and 500'C, the dehydration is
complete, and corresponds to a loss of 8.63 wt.Vo HzO.
Between 500 and 800'C, decomposition of the
sulfate group takes place and corresponds to a loss
of 17.87 tttt.%o, wlich is in excellent agreement with
the averaged value of L7.37 wlTo SO3 obtained by
elechon-microprobe analyses.
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Ftc. 3. Thermogravimetric curve of deliensite.
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The infrared spectrum was recorded using the KBr
dispersion lsshnique (1 mg sample and 300 mg KBr)
with an Ati-Mattson Genesis Fourier transform infrared
spectrometer, which covers the range 400-4000 cm-1.
The infrared spectrum (Fig. ) is characterized by the
vibrations of HzO molecules, OH, UO2 and SO+
groups. The absorption bands at3409 and 1629 cm-l
ate due to HzO stretching vibrations and deformation
modes, respectively (Moenke L962, 1966). The assign-
ment of the absorption bands is snmmarized in Table 2.

RELdToNSHp ro Orrnn Spncms

After rabejacite, deliensite is the second uranyl
sulfate to be found at Mas d'Alary. Like most uranyl
sulfates, deliensite occurs as a microcrystalline crust on
the surface 6f samples. It differs from rabejacite,
Ca(UOz)+(SO+)z(OII)e.6 H2O, which also occurs in the
same area, by the grayish white color of the flakes and
by its vitreous luster. The X-ray powder-diffraction
paftern is also characteristic and cannot be confirsed
with that of any other known species.
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Ftc. 4. Fourier-transform infrared-absorption spectrum of deliensite from 400 to
4fr)0 cm-t.
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