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A new barium uranyl oxide hydrate mineral, protasite 
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of the uranyl oxide hydrate group, occurs as bright orange 
pseudo-hexagonal platelets associated with uraninite and 
uranophane on unidentified rock matrix from Shinko- 
lobwe mine, Zaire. Protasite is monoclinic, Pn with a 
12.295(2), b 7.221(1), c 6.9558(8) A, fl 90.40(2) ~ and V 
617.50(11)/~3. The tabular pseudo-hexagonal crystals are 
flattened on {010}, 0.1 mm to 0.5 mm wide and up to 
0.1 mm thick. They are biaxial negative, 2 V = 60 65 ~ fl 
and 7 1.79 1.83, and X = b. Sector twinning is common. 
Microprobe analysis shows BaO 15.0, UO3 78.0, H20(diff.) 
7.0%. The structural formula is Ba[(UO2)aO3(OH)2 ]. 
3H20, Z = 2, and density(calc.) = 5.827(3) g cm-3. Com- 
plete crystal-structure analysis shows protasite to be the 
simplest model structure of the uranyl oxide hydrate 
group. 

KEYWOaDS: protasite, new mineral, uranyl oxide, 
Shinkolobwe mine, Za'ire. 

DURING the course of a study of secondary 
uranium minerals, a specimen from the Shinko- 
lobwe mine, Shaba province, Zaire, was found to 
contain crystals of an unidentified phase. Electron 
microprobe and X-ray diffraction investigations 
show that this mineral is a new barium-containing 
member of the uranyl oxide hydrate group (Protas, 
1959; Christ and Clark, 1960; Evans, 1963). Type 
material is preserved as specimen N M N H  150832 
in the Department  of Mineral Sciences, Nat ional  
Museum of Natural  History, Smithsonian Institu- 
tion, Washington, DC. The specimen was originally 
obtained from M. Gilbert Gauthier, who was 
formerly associated with the Shinkolobwe mine. 
Protasite has not  as yet been found on any other 
specimens. 

Both the new mineral and the name have been 
approved by the Commission on New Minerals 
and New Mineral Names of the International  
Mineralogical Association. 

Occurrence and appearance. Protasite occurs as 
bright orange pseudo-hexagonal platelets, associated 
with uraninite and uranophane,  on a single speci- 
men of unidentified fine-grained rock matrix f rom 
the Shinkolobwe mine. The platelets are transparent 
but very intensely coloured. The colour of protasite 
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is the same in transmitted and reflected light. Single 
platelets, flattened on {010}, range from 0.1 mm to 
0.5 mm wide and are up to 0.1 mm thick. Luster is 
subadamantine.  Protasite is brittle with a hackly 
fracture. Cleavage is good parallel to {010}. 

Of the other secondary uranium minerals which 
occur at Shinkolobwe, fourmarierite most closely 
resembles protasite in colour and habit. However, 
the two minerals may be distinguished by the more 
blocky habit of fourmarierite and its tendency to 
form parallel aggregates, whereas protasite occurs 
as separate thinner platelets with striations due to 
twinning. Fourmarierite is not  present on the 
specimen which contains protasite. 

Physical and optical properties. Measurement of 
the optical properties of protasite proved to be 
extremely difficult due to the high indices of 
refraction and the extremely intense colour, coupled 
with the thin tabular habit. Protasite is biaxial 
negative. Both fl and 7 are in the range 1.79-1.83 
(589 nm) and the acute bisectrix is parallel to the 
b-axis (normal to the plates). The third index, c~, 
could not  be measured accurately. The value of 2 V 
measured by Kamb's  method is 60-65 ~ Birefrin- 
gence is high. Dispersion was not determined. No 
pleochroism was observed for Y or Z. 

Because of the extreme scarcity and high specific 
gravity of protasite, the density could not  be 
measured directly. There is insufficient material 
to perform pycnometric measurements, and the 
density range is too high for determination by 
flotation in heavy liquids. The density calculated 
from the cell dimensions (from single-crystal data) 
and ideal chemical composition is 5.827(3) g cm -  3. 
From the actual chemical analysis (water by differ- 
ence) the density is 5.88 g cm -3. When 5.827 g 
cm -3 is used in a Gladstone-Dale calculation 
(Mandarino, 1979) a mean refractive index of 1.78 is 
obtained, which is compatible with the partial 
determination of the refractive indices, given the 
biaxial negative sign and the high birefringence. 

Sector twinning is present in all crystals of 
protasite which were examined. The probable twin 
law is a rotation of 60 ~ around [010]. Protasite is 
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non-fluorescent. The streak and hardness were not 
determined in order to conserve as much as possible 
of the scarce material and because of their limited 
value in recognizing the mineral. 

Chemical analysis. Protasite was analysed chemi- 
cally with an ARL-SEMQ electron microprobe 
using a beam approximately 25 #m in diameter at 
15 kV and a current of 0.15 x 10- 6 A. The data were 
corrected with a modified version of the MAGIC- 
IV computer program (Colby, 1975). The chemical 
composition reported here represents the average 
of numerous repeated analyses on a single protasite 
crystal. This crystal has been confirmed as protasite 
by single-crystal X-ray diffraction precession photo- 
graphs. Microprobe standards were: uraninite for 
U, benitoite for Ba, Corning glass for Pb, and 
Kakanui hornblende for Si, A1, Mg, Fe, and Ca 
(Jarosewich et al., 1980). Water content was deter- 
mined by difference since spectral scanning had 
detected no other elements present in significant 
amounts. The reported water content was later 
verified by a complete crystal-structure determina- 
tion. The microprobe data yield the following 
chemical analysis: BaO 15.0 wt. ~o, UO3 78.0~, 
H20(diff.) 7.0 ~o, which gives the empirical formula 
1.05BaO- 2.93UO3- 4.17H20, based on 14 oxygen 
atoms. The crystal-structure determination gives 

the formula Ba[(UO2)303(OH)2 ] '3H20,  which 
requires the ideal analysis BaO 14.15 wt. %, UO3 
79.20~o, H20  6.65~o. Taking into consideration 
the difficulties of microprobe analysis in minerals of 
this group, we believe that the protasite studied is 
near this ideal composition. 

X-ray crystallography. Protasite was studied by 
single-crystal precession and four-circle diffracto- 
meter X-ray diffraction techniques. The cell dimen- 
sions were originally obtained from precession 
films, and later refined by least-squares from high- 
precision single-crystal measurements of thirty- 
seven independent reflections with 2 0 values 
between 50.8 ~ and 59.6 ~ These measurements were 
made on the four-circle diffractometer (Mo-K~ 
radiation, Zr filter) using the technique of Hamilton 
(Ibers and Hamilton, eds., 1974). The wavelength 
used was 0.70926 ,& (Mo-K~0. Protasite is mono- 
clinic, Pn with a = 12.295(2), b = 7.221(1), c = 
6.9558(8) A, and fl = 90.40(2) ~ 

Powder-diffraction data (Table I) were obtained 
for protasite by the Gandolfi technique using a 
camera with a diameter of 114.59 mm and Cu-K~ 
radiation (Ni filter). Intensities were measured by 
visual comparison with calibrated intensity film 
strips. All lines strong enough to measure reliably 
in the range d = 15.0-1.139 A were included. The 

TABLE I. X-ra__ ! powder diffraction data for protasite, monoclinic cel__~l, 

space group, P n; a 12.295(2), ~ 7.221(I),~ 6.9558(8) ~, Cu-K~ rad. 

h k i dcalc dob s I h k 1 dcalc dob s I h k i dcalc dob s I 

0 I 0 7.221 7.06 50 -3 2 I 2.528 3 3 0 2.075 
I I 0 6.226 6.42 9 3 2 I 2.820 2 I 3 2.073 

2 0 0 6.147 0 2 2 2.805 2.496 35 6 0 0 2.049 2.037 13 
-I 0 I 6.072 -3 I 2 2.497 5 2 0 2.032 
I 0 I 6.036 6.00 18 3 I 2 2.482 -3 0 3 2.024 
0 I I 5.009 -I 2 2 2.457 3 0 3 2.012 2.006 9 
2 I 0 4.681 ~ 2 2 2.452 -3 3 I 1.991 

-I I I 4.647 0 3 0 2.407 2.395 25 3 3 I 1.987 
I I I 4.631 4.61 13 I 3 0 2.362 2.350 9 0 3 2 1.979 1.976 25 

-2 I I 3.893 4 2 0 2.340 6 I 0 1.971 
2 I I 3.874 5 I 0 2.328 1-933 18 
0 2 0 3.610 -2 2 2 2.324 1.878 18 
3 I 0 3.564 3.58 35 -5 0 I 2.323 1.799 13 

-3 0 I 3.542 2 2 2 2.315 1.778 13 
0 I 3.520 5 0 I 2.313 1.753 25 
0 2 3.478 3.49 18 -4 0 2 2.311 1.704 6 

I 2 0 3.464 3.45 18 4 0 2 2.295 2.295 13 1.687 9 
0 2 1 3.204 -I 0 3 2.281 1.654 9 

-3 I I 3.180 I 0 3 2.275 2.264 9 1.630 9 
3 I I 3.164 0 3 I 2.275 1.601 25 
0 I 2 3.133 3.14 100 2 3 0 2.241 1.582 6 
2 2 0 3.113 3.11 35 -I 3 I 2.238 1.533 6 

-I 2 I 3.103 I 3 I 2.236 1.516 6 
I 2 I 3.098 -4 2 I 2.222 1.419 9 
4 0 0 3.074 4 2 I 2.215 1.406 9 

-I I 2 3.041 -5 I I 2.212 1.387 6 
-2 0 2 3.036 0 I 3 2.208 1.372 13 
I I 2 3.032 5 I I 2.203 1.355 9 
2 0 2 3.018 -4 I 2 2.201 2.199 18 1.345 9 

-2 2 I 2.845 4 I 2 2.187 1.334 13 
2 2 I 2.838 -I I 3 2.175 1.294 13 
4 I 0 2.828 I I 3 2.170 2.160 6 1.238 9 

-2 I 2 2.799 2.802 13 -3 2 2 2.142 1.212 9 
2 I 2 2.785 2.776 13 -2 3 I 2.135 1.195 6 
3 2 0 2.709 3 2 2 2.132 1.154 6 

-4 I I 2.626 2 3 I 2.132 1.139 18 
4 I I 2.614 -2 I 3 2.082 
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data are corrected for film shrinkage and have been 
indexed using the program of Appleman and Evans 
(1973). The wavelength used was 1.5405 A (Cu- 
Kel). The unit cell derived from refinement of 
the powder diffraction data is a = 12.345(8), b = 
7.181(4), c = 6.936(2) A, and fl = 90.57(4) ~ These 
errors, obtained from the refinement calculations, 
are much too low and do not reflect the true 
precision of the measurements, which are subject to 
numerous experimental errors due to the generally 
poor quality of the patterns, line overlap, and the 
lack of an internal standard. The experimental 
errors undoubtedly explain the differences between 
the powder-refinement cell and the much more 
accurate cell obtained from the single-crystal 
measurements. 

Crystal-structure analysis. A complete three- 
dimensional crystal-structure determination was 
carried out for protasite, based on 2913 reflections 
(2505 observed greater than background) measured 
on an automated four-circle single-crystal diffracto- 
meter with Mo-Ke radiation (Zr filter). A linear 
absorption coefficient of 404 cm 1 was calculated. 
Absorption corrections by Gaussian quadrature 
were applied. The structure was determined by 
Patterson and difference Fourier techniques and 
refined by full-matrix least-squares to a final R 
value of 0.073. This rather high value is typical of 
structure refinements of minerals in the uranyl 
oxide hydrate group (Pagoaga, 1983; Piret-Meunier 
and Piret, 1982). It is probably due to the poor 
crystallinity and high absorption in these minerals. 
Assignment of oxo and hydroxyl oxygen atoms is 
based on bond-length and bond-strength calcula- 
tions (Brown and Wu, 1976). The computer pro- 
grams of Stewart et al. (1976, 1983) were used 
throughout the single-crystal structure determina- 
tion. Details of the structure refinement (Pagoaga, 
1983) will be published elsewhere (Pagoaga et al., 
in preparation). 

Crystal chemistry. Protasite is crystallographi- 
cally the least complicated member of the uranyl 
oxided hydrate mineral group. In this group the 
essential cation is hexavalent uranium in the form 
of the uranyl ion (UO2) 2§ The only anionic 
species present are 0 2- and (OH)-. Other large 
cations including K +, Ca 2+, Sr 2+, Ba 2+, Pb 2+, 
and possibly Bi 3 + may be present. In protasite the 
uranyl ions, coordinated by three 0 2- and two 
(OH) anions form infinite sheets of composition 
[(UO2)303(OH)z]n 2n- which, in projection, re- 
semble those found in ,-U3Os (Loopstra, 1964 and 
1970). The near-linear uranyl ions are roughly per- 
pendicular to the sheets which are bonded together 
by interlayer Ba 2 + ions and water molecules. 

The structure of protasite is the simplest of those 
so far determined in the uranyl oxide hydrate 
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group, and as such represents a model structure 
for the group. Each protasite sheet contains only 
three independent uranium atoms, and there is only 
one independent sheet in the structure. There is 
one independent interlayer Ba 2+, giving a Ba:U 
ratio of 1 : 3, and there are three independent inter- 
layer water molecules. Other members of the group 
have lower cation : uranium ratios and more inde- 
pendent sheets. A detailed comparison of their 
crystal chemistry is in preparation. 

Two other uranyl oxide minerals, billietite and 
bauranoite, are similar to the new mineral protasite 
in that they contain Ba 2 + as the only additional 
cation. However, billietite and bauranoite have 
BaO:UO3 ratios of 1:6 and 1:2, respectively, 
while protasite has a ratio of 1:3. The crystal 
structure of billietite (Pagoaga, 1983) shows it to 
have the same general layer structure as protasite. 
Because of the lower Ba: U ratio, a smaller number 
of interlayer sites are occupied by Ba atoms leading 
to two independent types of sheets with six indepen- 
dent U atoms. 

No single-crystal data are available for baur- 
anoite. The reported powder-diffraction data 
(Rogova et al., 1974) are quite different from those 
of protasite. We have examined a specimen, in the 
collection of the Smithsonian Institution's National 
Museum of Natural History, labelled 'Bauranoite, 
Burpala deposit, Transbaikalia, USSR', NMNH 
133493, acquired from Prof. A. S. Povarennykh. 
The powder-diffraction pattern of this sample 
shows that it probably belongs to the uranyl oxide 
hydrate group, but the pattern is significantly 
different from that of protasite. The material also 
differs from protasite in habit, being massive rather 
than in tabular crystals, and is browner in colour. 

Mineral name. The name protasite was chosen 
for this new mineral to honour Prof. Jean Protas 
(1931- ) of the University of Nancy, who has 
contributed a great deal to our understanding of 
the uranyl oxide hydrates through his excellent 
analytical and crystallographic investigations of 
these minerals. 

REFERENCES 

Appleman, D. E., and Evans, H. T., Jr. (1973) Indexing and 
Least-Squares Refinement of Powder Diffraction Data. 
Geological Survey Computer Contribution, USGS- 
GD-73-003, US Geological Survey, Washington DC, 
62 pp. 

Brown, I. D., and Wu, K. K. (1976) Empirical Parameters 
for Calculating Cation-Oxygen Bond Valences. Acta 
Crystallogr. B32, 1957. 

Christ, C. L., and Clark, J. R. (1960) Crystal Chemical 
Studies of Some Uranyl Oxide Hydrates. Am. Mineral. 
45, 1026. 

Colby, J. W. (modified by L. W. Finger) (1975) Magic 



128 M. K. P A G O A G A  E T  AL.  

IV A Computer Program for Quantitative Electron 
Microprobe Analysis. Allentown, PA: Bell Telephone 
Laboratories, Inc. 

Evans, H. T., Jr. (1963) Uranyl Ion Coordination. Science, 
141, 154. 

Ibers, J. A., and Hamilton, W. C., eds. (1974) International 
Tables for X-ray Crystallography, 4. Birmingham, 
England: Kynoch Press. 

Jarosewich, E., Nelen, J. A., and Norberg, J. A. (1980) 
Reference Samples for Electron Microprobe Analysis. 
Geostandards Newsletter, 4, 43. 

Loopstra, B. O. (1964) Neutron Diffraction Investigation 
of U30 s. Acta Crystallogr. 17, 651. 

- - ( 1 9 7 0 )  The structure of beta-U308. Ibid. B26, 656. 
Mandarino, J. A. (1979) The Gladstone-Dale Relation- 

ship. Part III: Some General Applications. Can. Mineral. 
17, 71. 

Pagoaga, M. K. (1983) The Crystal Chemistry of the 
Uranyl Oxide Hydrate Minerals. Chemistry Depart- 
ment, University of Maryland, College Park, Maryland, 
167 pp. 

Piret-Meunier, J., and Piret, P. (1982) Nouvelle d&er- 
mination de la structure cristalline de la becquerelite. 
Bull. Mineral. 105, 606. 

Protas, J. (1959) Contribution fi l'6tude des oxides 
d'uranium hydrat6s. Bull. Soc. ft. Minkral. Cristallogr. 
82, 239. 

Rogova, V. P., Belova, L. N., Kiziyarov, G. N., and 
Kuznetsova, N. N. (1974) Bauranoite and Meta- 
calciouranoite, New Minerals of the Hydrous Uranium 
Oxides Group. Intern. Geol. Rev. (English translation) 
16, 214. 

Stewart, J. M. et al. (1976) The X-ray System of Crystallo- 
graphic Programs. TR-446, Computer Science Center, 
Univ. of Maryland, College Park, Maryland, 232 pp. 

- - - - ( 1 9 8 3 )  The XTAL83 System of Crystallographic 
Programs: USER'S MANUAL TR-1364, Computer 
Science Center, Univ. of Maryland, College Park, 
Maryland, 244 pp. 

[Manuscript received 22 April 1985] 


