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ABSTRACT

Billietite (BaO 6UO: 11HrO), originally described from Katanga by Vaes (1947),is a
valid species isostructural r,vith becquerelite (7UO:. 11HrO).

Neu. chemical analyses and Weissenberg s-ray studies on two specimens of billietite
from Katanga gave: (1) tsaO 6 88, UU 82.76, IJ1O 8.97, SiO, 0.76, CaO 0.30, total99.67;
a014.25 A, b0 12.04, cs 15 06, r.ith four formula units per unit cell; q 1.730, B 1.810, 7 1 815;
sp.  gr .5.32 (meas.) ,  5.33 (calc ) ;  (2)  BaO 7 41,  UO3 84.39,  H,O 8 68,  tota l  100.48;  a6 13.98A,
b0 12 08,  ca 15.06;  a 1.725,  B 1.780,  t  1.790;  sp.  gr .  5.36 (meas.) ,  5 40 (calc.) .  Space group
Pmma Blllietite is orthorhombic with 2V (-)-35'; X pale yellow, Y andZ deep golden
yellow. The unit cell difiers from that of Brasseur (1949) in that the a-axis is doubled.

A new anall'sis and r-ray study of becquerelite from Katanga gave UO3 89 53, HrO
8.95,  SiO, 1.82,  tota l  10030; as 1392 ] \ ,  b0 1245, cs 15.09;  a1.730,  B 1.805,7 1.820;  sp.
gr. -5.3 (meas.), 5 60 (calc.) From this new analysis the old formula for becquerelite
(2UOB 3HrO) has been revised to 7UO3 11HrO, analogous to the formula for billietite,
and there are four formula units per unit ce1l. Space group Pmma. Becquerelite is ortho-
rhombic, 2V (-)-39' X yellon', \ and,Z deep goiden yellow.

BlttrBtrro

New chemical analyses and Weissenberg r-ray studies indicate that
the hydrated barium uranium oxide, bil l ietite, is a valid mineral species
isostructural with the hydrated uranium oxide, becquereiite.

In the original description of becquerelite (Schoep, 1922) the chemical
analysis showed about 5.25 per cent of PbO, which at that t ime was con-
sidered an impurity. Later, Schoep and Stradiot (1948) described bec-
querelite without lead and suggested that in the lead variety there was a
substitution of some Pb for U. Vaes (1949), however, considered the
original analyses to be in error in that the Pb was actually Ba. He be-
lieved that the original becquerelite actually was the more recently de-
scribed mineral, bil l ietite (Vaes, 1947), a hydrated barium-uranium oxide.
He proposed that the name becquerelite be retained for the mineral
without lead or barium and that the name bil l ietite be reserved for the
mineral with barium. There exist, then, to date, no authenticated speci-
mens of lead-becquerelite.

Optically bil l ietite and becquerelite are very similar (Tabie 1), except
that twinning, common in bii l ietite, has not been observed in becquere-
lite. Both minerals are orthorhombic and are holohedral. They are yel-
Iow to golden yellow and have a distinct pleochroism, with X colorless or
pale yellow, and Y and Z deep golden yellow. The 2V of becquerelite is

* Publication authorized by the Director, U. S. Geological Survey.
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Tesrn 1. Optrcs or Brr-rrcrrrr nvo Bncourrnrrrp

Billietite

1 .730
1 .810
1 .815
-35"

Pale yellow
Deep golden

yellow

Deep golden
yellow

Becquerelite

d

p
^v

2V
X
Y

(Na)

1 . 7 3 0
1 .822
1.829
-47"

Colorless
Greenish

yellow
Deep yellow

1 .725
1 .780
r .790
-J5-

Pale yellow
Deep golden

yellow
Deep golden

yellow

1 . 7 2 5
r . 8 2
1 .83
-30"

Colorless
Yellow

Yellow

| . 730
1.805
1.820
-30"

Pale yellow
Deep golden

yellow

Deep golden
yellow

1. Brasseur (1949).

2. No. 104456, Katanga specimen from Spence collection of uranium minerals at
Harvard University.

3. No. 104455, Katanga specimen sent by Vaes to Harvard University.
4. Brasseur (1949).

5. No. 104454, Katanga specimen obtained from Trace Elements Section Washington
Laboratory, U. S. Geological Survey.

Te.sle 2. Cnnurcar, AN.lr,ysns or BEr.rETrrE auo Brcqunnnr.rrr

UO:
BaO
HrO
sio2
CaO

Billietite

99.67 100.48 100.00

Becquerelite

90.09  89 .53  89 .66

8 .95
1 . 8 2

100.30

83.86  82 .76  84 .39  83 .08
6  9 5  6 . 8 8  7 . 4 r  7 . 3 8

10.49  8 .97  8 .68  9 .54
u .  / o
0 . 3 0

1. Vaes (1949).
2. No. 104456. Analyst, Frank Cuttitta.
3. No. 104455. Analyst, Frank Cuttitta.
4. BaO 6UOa.11HzO.
5. Schoep and Stradiot (1948).
6. No. 104454. Analyst, Frank Cuttitta.
7. 7UOs. 11HrO.
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about 30o and of billietite about 35o. The reported indices of refraction of

the two minerals overlap. Both billietite and becquerelite have a perfect

cleavage on (001) and their optic orientation is the same. The plane of

the opt ic  axes is  (100) ,  wi th Y:a,  Z:b,  and X:c.  In  Vaes'  or ig inal

description of billietite (1947) he made the cleavage plane (010). Thoreau

(1943) reoriented the mineral, with his abc:Yaes' cab' This orientation

was followed by Brasseur (1949) and is used in the present study. The

distinction of billietite and becquerelite is difficult; it is best to use r-ray

Tanr,r 3. Cnrr- CoNsr.tNtsl ALlo Sprcrlrc Gnlvrrrps or'

Brr,trntrtr aNo Brcqurnrltru

Brasseur
(1949)

Becquerelite

No.104456 No. 104455 No. 104454

7  . l l
1 2 . 0 8
15.09

I + .  Z J

12.04
15 .06

13 .98
12 08
15 .06

13.92
1 n  ^ <

15.09

sp. gr. (meas.)

sp. gr. (calc.)
5 . 3 2 2
5  . 3 3

5 362
5 . 4 0

5.3 (approx.)3

5 .  OU

I All measurements are +0.005 A.
2 Specific gravities determined with Berman balance on 10 to 12 mg. of sample'
3 Sample too small for accurate determination of specific gravity.

powder photographs together with qualitative chemical tests for Ba and

Pb.
In the past two years the Harvard university mineral collection ac-

quired two specimens of bil l ietite from Katanga. One was sent by Vaes'

The other was in the Spence collection of uranium minerals. Both speci-

mens have been analyzed chemically, and the results agree closely with

those of Vaes'analysis (Table 2). Vaes proposed the formula BaO'

6UOr'10H2O. The new chemical analyses are represented better by the

formula BaO 6UOs'11H2O, suggested by Brasseur (19-49)' A Weissen-

berg x-ray study, using copper radiation (I:1.5413 A), was made of

both analyzed specimens. The unit cell differs from that of Brasseur

(1949) in that the a-axis is doubled (Table 3). It is possible that Brasseur

missed the odd orders in his rotation photograph about the a-axis, as he

used molybdenum radiation and the unit cell is large. There are, then,

four formula units per unit cell, rather than two. Plots of the zero, first,

and second layer Weissenberg photographs about all three axes gave:

(hkl) all orders present,

(hk0) present only with h:2n,
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(h01) all orders present,
(0kl) all orders present.

The space group, therefore, is Pmma. The crystal forms observecl by
Thoreau (1948) as referred to the unit of the r-ray cell are given in table
4, and show that bil l ietite is holohedral. The calculated specific gravities,
5.33 and 5.40, are close to the two measured values, 5.32 and 5.36, re-
spectively. The specific gravities were measured with a Berman balance
on about I0 to 12 mill igrams of sample.

Talr,o 4 Cnvsrllr,ocnepnrc Fonus ol BrluurrrB

Thoreau (1948) J. W. Frondel

Form d*

001
0 1 1
02r
010
101
1 1 0
1 1 1
223

0'
0'
0'
0'
90'00,

58'55'10'
58'55'10'
58"55',1O',

00

51"48',45',
68"37'52'
90'00,

90'00'

58'39',18'

001
0 1 1
021
010
201
210
211
423

New Forms
Observed

232
2 1 2

0'
00

0'
0'

900
59"22',
59"22',
59"22',

29"23'
59"221

0"
51'16',
68'12'
90'
64"47'
90'
67"50'
58'35'

65"06/
50'55'

* Angles calculated from cell constants ao:14.25 A, bo:12 04, and co:15.06, giving
a:1.184,  c :1.251,  po:1.057,  and q0:1.251.

Bocquonnr,rre

A new chemical analysis and a Weissenberg ;r-ray study were made on
a Katanga specimen of becquerelite obtained several years ago by the
Trace Elements Section Washington Laboratory of the U. S. Geological
Survey. The analysis agrees closely with that of Schoep and Stradiot
(1948) on lead-free material (Table 2). The old formula of becquerelite
(2UOa 3HzO) is here replaced by 7UOr.11H2O, as this formula fits the
analysis quite well and is analogous to the bil l ietite formula. The cell
constants are close to those of bil l ietite (Table 3), and there are, simi-
larly, four formula units per unit ceil. The space group is pmnoa. The
.calculated specific gravity is 5.60; the measured value is approximately
5.3. The measurement was made with a micropvcnometer on a very
small sample and may be in error. The attempt to make the two formulas
analogous is  just i6ed because the near coinc idence in d imensions and
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Tanln 5. INtnRplax,qn SpacrNos ol Brr,lrnrrtp amo BrcQupnu-rrE lRoM

X-nlv Powor,n PATTERNS (A) Cu/Nl RlnrerroN:1.5418 A

r023

Billietite
No. 104455

Becquerelite
No. 10t1454

I*

/ J J

4 . 5 9

3 . 7 7
3 . 5 4

3 . t 7
3 . 0 2
2 . 8 9
2 7 9

2 . 5 6
2 . + 9

2 . 3 0
2 . 1 9
2 . l o

2 . 0 3

10

2

9
5

8
1
1
2

3
A

2
I

o

8  . 5 1
7 .50
6 . 6 3
6 . 2 4
.) oJ
A  1 1

4 . 3 r
3 . 7 5
3  . 5 6
3 .48
3  . 3 9
3 . 2 2
3 . 1 3
2 . 9 7
2 . 8 8
7  7 1

2 . 5 8
2 4 7
2 .++
2 . 3 8
2 . 3 1
2 . 2 1
2 . 1 1
2 .07
2 .O4

1
10
2
1
1
6
I
8
8
2
2
9
I

1
7
2
2
2
J

I

2

x Intensities estimated visually.

intensities of the single crystal and powder photographs (Table 5) of

bil l ietite and becquerelite indicates that these minerals are isostructural.

It is presumed that one Ba2* substitutes for one u6+. If the role of water

in the structure were understood, it might be possible to explain the nec-

essary valence compensation for such a substitution by the O to (OH)

ratio in each mineral. Though no specimen of lead-bearing becquerelite

is at hand, the authors believe that for crystallo-chemical reasons such a

mineral may exist. It also may be noted that the closely related hydrous

uranium oxide, schoepite (UO3'2H2O), can contain up to 4.56 per cent

Pbo (Schoep, 1924). Should re-examination and chemical analyses of

museum specimens indicate the presence of such a mineral, or if the orig-

inal analyses o{ becqlerelite containing lead are presumed to be correct,
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then a general formula for becquerelite, iead-becquerelite, and bilrietite
might be written:

rufX(na, pb)1* lu8*oro_,*(oH)a+*. (10-2x)Hso
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