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Review of the hydrated oxides of U and Pb, 
with new X-ray powder data 

MICHEL DELIENS 

D6partement de G6ologie et de Min6ralogie, Mus6e royal de l'Afrique centrale, 
198o Tervuren, Belgium 

SUMMARY. New X-ray powderdata are presented for vandendriesscheite, fourmarierite, masuyite, and w61sen- 
dorfite. Literature data on the known U-Pb hydrated oxides is reviewed, and suitable criteria for their 
distinction are set forth. 

SEVEN hydrated oxides of lead and hexavalent uranium are known: curite (Schoep, I92I), 
fourmarierite (Buttgenbach, I924), masuyite, vandendriesscheite, and richetite (Vaes, 1947), 
w61sendorfite (Protas, 1957), and the unnamed 'Mineral C' from the Wiseman mine, Mitchell 
County, North Carolina, briefly described by Frondel (1956). ~ 

The samples in the mineralogical collection of the Mus6e royal de l'Afrique centrale from 
the uranium deposit of Shinkolobwe, Shaba ( =  Katanga), have been systematically re-examined 
in order to select the uranium-lead oxides. X-ray diffraction data on the selected specimens 
have been compared with data from the literature and their qualitative compositions checked; 
all the above species except richetite and 'Mineral C' were recognized. 

Of the seven species, richetite has never been quantitatively analysed or adequately described, 
and material for a new study was not found; it should be readily distinguished from the others, 
as it occurs in thin black pseudohexagonal (monoclinic) plates, and the others are various shades 
of orange or red. 

Curite, which is very common at Shinkolobwe, is easily distinguished by its acicular habit 
and its characteristic X-ray powder pattern (cf. Table V). 

The present study therefore concentrated on the four species vandendriesscheite,fourmarierite, 
masuyite, and  wi~lsendorfite; they are all orthorhombic, with related unit-cell dimensions and 
similar, though distinct, X-ray powder patterns. They are very similar, too, in habit and physical 
properties. Crystals are less than 1, or at most 2 mm in size, usually tabular on {OOl} with 
pseudohexagonal outline, and they also occur as microcrystalline aggregates or crusts. Such 
properties as refractive indices do not afford reliable criteria for differentiating the species-- 
apart from the difficulty of determining indices in the range above 1.8, there are considerable 
variations in the values reported, possibly due to variations in the water content. 

The best criterion for determining these four minerals is the X-ray powder pattern. Although 
their patterns display marked similarities, related to their similar pseudohexagonal pseudo-cell 
dimensions (Table u  there are several minor but typical differences between them. There is an 
appreciable decrease in pseudo-cell dimensions in the order vandendriesscheite-fourmarierite- 
masuyite-w61sendorfite, paralleling the decrease in U/Pb ratio (Table V). The strong or 

i 'Mineral X', from Great Bear Lake, Canada, first described by C. Palache and H. Berman as a U-Pb oxide 
(Am. Mineral. 18, 20 0933)) and later regarded as UOa. zH~O (C. Palache, ibid. 19, 309 0934)), has been identi- 
fied as vandendriesscheite (Frondel, 1956). 

�9 Copyright the Mineralogical Society. 
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medium lines 200, 002, and H I (indices for the Pseudo-cell) are particularly useful for discrimi- 
nation, and are listed, together with some other useful lines, in Table V. 

Frondel's 'Mineral C' contains small amounts of many oxides other than lead and uranium, 
including 2 ~o BaO; how far these are essential is uncertain. Its refractive index (I.77-I.82) 
and X-ray powder pattern (strongest lines 3"46 A 0o),  3"o9 0o) ,  I'916 (6), 2.73o (6)) suggest 
that it could possibly be an impure barian vandendriesscheite, but this is mere speculation. 

TABLE III. X-raypowderdataformasuyite andfor a syntheticproduct 'apparentdhlamasuyite" 
(Protas, I959) 

Present study Christ and Clark Guillemin Chervet Protas Frondel 
(196o) (1958) (196o) (I959) (1958) 

RG.  284od R G .  6441 H M ,  lO6. 524 RG.  2832 Shinkolobwe Synthetic Shaba 

d(A)mes Iris d(A)mes /,:is d(A)mes I hkl d(A) I d(A) I d(A) I d(A) 1 

7"IO 80 7'IO 80 7"08 lOO 006 7"1o F 7"IO 

6"05 I5 6'o6 I5 5"99 3f 6'o5 
5"87 
4"6O 

4"38 5 4"40 5 4'36 6 4'38 
4'30 6 

3'88 3f 
3'56 20 3'56 35 o .o .  12 3"54 

3"528 80 3"52 80 3"52 70 660 3"50 F 3"52 
3'48I 80 3"48 40 3'48 2I 12. o. o 3"49 

3"45 
3.I6 12 666 3'I4 

3"I32 100 3'127 Iood 3'12 5 ~ 12. o. 6 3"II 2F 3"IO 
3-02 

2"764 20 2,76I I5 2"77 f 2"78 
2'6o 3 f 

2'51 6 I2. O, 12 
2"486 40 2 '486 30 2'484 12 6"6"12 2"48 mf  2"49 

2"38 4 
2"364 IO 2"365 5 2"36 9 o .o .  18 2.37 mf  
2.28i  30 2"274 20 2'27 4 2.28 f 
2"168 IO 2.I68 IO 2.I8 2f  

2 ' I2  4 

2"019 4 ~ 2"018 40 2"008 I8 0.18.12.6. O0 2'00 

1"973 9 
1"952 50 1"952 40 1"95 I7 b 1"936 m f  
I '853 5b 1'844 2f 

I '79 4 
I~774 lO 1"775 ~ 1-766 12 
I '753 25 I '755 / Iob 1'745 9 
1'739 IO I '74 t 1-74I m f  

1"72 4 

8"53 
2F 7"06 2F 7"10 

6"43 
f 6.08 2f  
f 
2f  4"56 2f 4"80 
2f  4 '36 2f  4"35 

3"92 
F 3"54 
F 
F 3"49 3F 
F 
3F 3 ' I4  3F 
3F 3'09 3F 
f 
m 2"78 m 

2'53 rn 
m 

3"I5 

2"97 
2"74 

2"51 

2'38 

IO 
IOO 
20 

lO 
40 

20 
8o 

9 ~ 

IO 
30 

50 

20 

2"06 IO 

1'984 40 

1'9o8 30 
1"784 4od 

I"727 20 

Vaes 0947) described masuyite as a hydrated oxide of Pb and U, but Cuttita (in Frondel, 
I958) gave the formula UOa.2H20. A qualitative X-ray fluorescence analysis was therefore 
made of all four species studied, and confirmed the presence of lead in all four and of calcium 
in w61sendorfite. 

In Tables I to IV the new X-ray powder data (Cu-K~ radiation, I I4.6 mm diameter camera) 
are presented and in Table V the unit cell and optical data for the four species are collected and 
compared with those of curite, and their distinctive X-ray powder lines set out. 

Discussion 

Vandendriesscheite. The new X-ray powder data agree well with those of Christ and Clark 
(the latter include many weak lines not recorded elsewhere, presumably due to longer exposure), 
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and with Protas's natural samples. Protas's synthetic material is also in general agreement, but 
gave distinctly lower spacings throughout. Frondel's data, however, include a number of lines 
not recorded by other observers and other lines are displaced, while the doubtlet 3'6I, 3'53 A is 
replaced by a single line at 3'6I or 3"58 A. 

Fourmarierite. The line at 7"24-7"3I A in the present data is probably not due to fourmarie- 
rite itself, but to another, unidentified mineral present as a pale yellow outer zone on many of 
the platy crystals; it was not observed on ULB B, which does not give this line, and was not 

TABLE V. Summary of data for the U-Pb oxides 

Vandendriesscheite Fourmarierite Masuyite W61sendorfite Curite 

! 14"o7~.* 
Unit  cell 40"85 

43"33 
Pseudo-cell ( 7'04 (a/2) 

~ortho- I 4"08 (b/lo) 
hexagonal) 7"22 (c/6) 

Formula PbO.  7U a s .  I 2H 20 ? 

( 1"78o*; 1"7~ 
c ~  1.785, 1.79o? 

/ 1"85o*; 1-81o, 
Refractive t3 { 1-824, 1-84o, 

indices I I"882t, 1"884�82 
( 1.86o*; 1-82o, 

y { 1"828, 1845, 
t 1"89o?; 1"884�82 

aV~ Med., r > v? 

( c, Colourlesst  
Pleochroism {/3 Golden yellow 

v Golden yellow 

Orientation f ~  1[ [OLO17 
L/3 !1 [lOO] 

/3"6 s 002 
Diagnostic ~3"18 vs I I I  

X-ray lines | 2 .80  w 
2"42 mw 

I4'OO A* 41'93 A* 1 I'95 A:~ I I '90 Aw167 
16"47 24"22 13"99 t 3"98 
14"39 42'6I 7"02 6"85 

7"oo (a/2) 6'99 (a/6) 7'00 6"99 (b/2) 
4"12 (b]4) 4"04 (b/6) 3"98 3'97 (a/3) 
7"20 (c/2) 7'1o (c/6) 7"02 6'85 

P b O . 4 U O s . 4 H 2 0 *  3PbO.8UOa.  IoH20[I (Pb, Ca)O.eUOa.2H~O:~ 

1-863"; 1"865"I"; I '7857 2.05 cd on (OOl)J; 
x-8511 
1"885"; 1"9oo}'; I"895"; l '9Ot;  
10211 2"II  2"15�82 - -  

t '89o*; 1"9o4~'; I '915";  I'917"r 2"o9 y" on (ooI):~ 
1 "9411 

Large, r > vii 50 ~ r > v t  - -  

Colourlessll, ** Pale yellow? - -  
Pate yellow Deep gold - -  
Deep yellow Deep gold - -  

II [IOO]]],** ~ ]l [oIo~ - -  
/3 I[ [oox] /3 Jl [ooi1 - -  

3"57 vs 002 3"56 m 002 3'46 vs 002 
3'51 ms  200 3"52 s I iO 3"IO vs I I I  
3"t6 vs I I I  3"48 ms 200 6"9 s 
6"4 w 3'13 vs I l l  
2"73 w 
2'51 m 

12.5o A t  
13-oi 
8'4o 

2PbO. 5UO3.4HzO ]" 

2'05? ; 2"061] 

2"07, 2.08"}" ; 
2"06, 2-2111; 
2"I2?~ 
2"12~'; z-I511; 
2 -12t t  

Large, r > vii 

v [I fooi ] l l  

3'51 vs ~:]: 
3"36 s 
3"I1 s 
@22 vs 

* Christ and Clark, 196o. 
~: Protas, 1957, I959. 
II Larsen and Berman, 1934. 

** Buttgenbach, I924. 
:~:~ Bignand, I955. 

t Frondel, I958. 
w Protas in Chervet, 196o. 
�82 Vaes, I947. 

t t  Billiet, I926. 
w167 Toussaint,  I96I.  

observed by Christ and Clark, with whose data the present agree well otherwise--better than 
with those of Protas. The data of Guillemin differ mainly in the first strong line (7"34 A as 
against 7' 11-7'2o) and the absence of a line at 3"56-3'6o A, which is also absent in the generally 
line-poor data of Bignand. The data cited by Frondel (I958) for fourmarierite are clearly those 
of wSlsendorfite, which had only just been described when his work was published. 

Masuyite. The present data agree well with those of Christ and Clark and of Chervet. 
Frondel's data are very different, and his specimen was probably fourmarierite. Guillemin's 
data are a puzzle: the weak line at 3-88 A suggests fourmarierite, but few other lines fit; the 
weak line at 2-60 A does not appear on any other pattern; many of the other lines could equally 
well be due to masuyite or to w61sendorfite, and material from the same specimen appears to 
be w61sendorfite (present study, Table IV). 

Wdlsendorfite. All the available data are closely similar, with one minor discrepancy: a line 
appears at medium strength at 1-94-I.92 A in some data and one at ~'9o7-1-9o2 A~in others, 
but only Chervet's Margnac II specimen has both these lines. 
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