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STUDIES OF BORATE MINERALS (V) :  REINVESTIGATION
OF THE X-RAY CRYSTALLOGRAPHY OF ULEXITE

AND PROBERTITE*

Joer- R. CrA,nx.q.No C. L. Cnnrsr, LI . S. Geologi.cal Suraey,
Washinglon 25, D. C.

Ansrnect
Ulexite and probertite crystals have been examined by r-ray precession methods and

earlier findings confirmed. Revised data for the crystallographic elements are as follows:
ulexi te,  NaCaB5Oe.8H2O, t r ic l in ic PI-C1, a:8.80s*0.02,  b:12.86+0.04,  c:6.67s
+0.02 A,  a:90'15' ,  9:109"07' , .y :105'06'  (a11 +05,) ;  probert i te,  NaCaBrOg.5HzO,
monocl in ic P2r/a-Czn6, a:13.43+0.04,  b:12.57 +0 04,  c:6.58s*002 A, B:166'15,
* 05'. X-ray powder patterns of both minerals have been indexed, and all calculated inter-
pfanar spacings are given for d)2.5 A.

fNrnorucrtoN, ExeERTMENTAL TrcnNrquos,  AND AcKNowLEDGMENTS

fn connection with current crystal structure studies of sodium calcium
borates, the r-ray crystallography of ulexite and probertite have been
re-examined and r-ray powder patterns of these minerals have been
indexed.

Single crystal studies were made on a qtrartz-calibrated precession
camera with both Mo/Zr and Cu/Ni radiations. Film measurements
were corrected for horizontal and vertical f i lm shrinkage. A 114.59 mm.
diameter powder camera was used with Cu/Ni radiation for the powder
films and the measurements were corrected for film shrinkage.

We are grateful to severai colleagues at the U. S. Geological Survey
for their collaboration during these studies: W. T. Schaller supplied
crystals of ulexite and probertite, Mary E. Mrose prepared the x-ray
powder patterns, H. T. Evans, Jr. contributed help{ul discussion, and
D. E. Appleman carried out the calculations for d-spacings.

Srwcr,e Cnysrar Sruty oF ULEXTTE

The crystallography of ulexite, NaCaBrOs SHrO, was the subject of a
comprehensive study by Murdoch (1940), who summarized earlier f ind-
ings and compiled crystallographic data based on his own goniometric
measurements of terminated crystals and on his measurements from c-
ray oscil lation photographs. Ulexite crystals used in the present study
originated at the Baker mine, Boron, California. X-ray examination of
these crystals shows that ulexite is tricl inic and the space group is there-
fore either Pl ot Pt. Piezoelectric tests were made of the crystals, using
an apparatus of the Giebe-Scheibe type. The negative results of these

* Publication authorized by the Director, U S. Geological Survey.
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LLEXITE AND PROBERTITE 713

tests, considered together with the crystal morphology found by Murdoch
(1940), confirm his selection of space group P1 with cell contents
2[NaCaB5Oe SHzO]. Values of the direct crystallographic elements ob-
tained in the present study are compared in Table 1 with those found
by Murdoch (1940) I the agreement is excellent.

Table 2 contains a complete set of data for direct and reciprocal cell
elements of ulexite, including the direct and reciprocal Cartesian matrices
together with the components ltaod'Ltz of the b-axis on the r- and y-axes,
respectively, of Cartesian coordinates (Evans, 1948). The six reciprocal
cell elements l isted in Tabie 2 were chosen from among ali available data
as the best measurements) the three reciprocal lengths being those ob-
tained from the present precession r-ray studies and the three reciprocal
angles, those found by \{urdoch (1940) from goniometric measurements.
The six direct cell elements in Table 2 were calculated from the given
six reciprocal cell elements. The present calculated density is in much
better agreement with the observed density of Murdoch (1940) than
was the earlier calculated value.

Srwcrn Cnvsrer- Srunv oF PRoBERTTTE

Barnes (1949) examined probertite crystals with precession r-ray
techniques using Cu/Ni radiation. He makes no statement regarding

T,lsrn 1. CoureusoN ol Drnncr Crr,r, ElrunNrs ron Umxrrn

Triclinic, space group PI-C|, Z:2[NaCaBsOs SHzO,

Present Study* Murdoch (1940)f

q

p

^l

a : b :  c

Cell Volume

Density (calc.)

8 . 8 0 r + 0 . 0 2  A
1 2 . 8 6 + 0 . 0 4
6 . 6 7  8 + 0  0 2

90 '15 '+05 '
109"10'+ 05'
105'05 +0.5/

0  .6850:  1  :0 .  519s
687.0  As

1.959 g .cm.  3

8 . 7 3  A
t 2 . 7 5
6 . 7 0

90'16',
109'08'
105"07'

0 . 6 8 5 5 : 1 : 0  5 1 9 1
676.s f\3

1 988 g.cm'-r

x Values of a, b, c, and a were calculated from the reciprocal elements given in Table 2;

values for B and 7 are readings obtained from the precession camera dial settings.

t Values of o, b, and c were calculated by Murdoch "from the r-ray data using the

morphologic axial angles." The axial ratio o:b:c is from goniometric measurements, not

from the given arial lengths. Conversion lrom kX to Angstrom units has been carried out

by the present authors.
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caiibration of camera or correction for film shrinkage. The direct cell
elements which he found are l isted in Table 3. column 1: these elements
define a direct cell corresponding to the crystal description given by
Schaller (1930) as modified by Palache, Berman, and Frondel (1951).
The space group assigned by Barnes (1949) is P21f n,-C2,5. Standard
settings for C21,5 are given in International Tables (1952) as Phf c or
P2'/a. If the crystal form taken by Schaller (1930) as {101} is trans-

raer''2'o'"""'iH^1"""j";i:x";"""-'r'ocRAP'rc

Triclinic, space group PI - Cl, Z : 2 [NaCaBuOs . SHrg ]

Direct CeIl Elements:t
a :  8 . 8 0 g + 0 . 0 2  A  a :  9 0 ' 1 5 ' * 0 5 '
b :12 .86  +0.04  B:109"07 '+05 '
e  :  6 .67s+0.O2 1 :105o06 ' *05 '

a i b i  c  : 0 . 6 8 5 0 i  1  : 0 .  5 1 9 r
Volume: 687 .0 A3 Density (g c-.-r), calc. 1 . 959

obs. (Murdoch, 1940) 1.955+0.001

Reciprocal CeII Elements:f
o* :0 .12500 A-1  ax :84o20.5 '
b* :0 .0809r  0* :70 '05 .5 '
c* :0 .1592e t*:73"53 .5'

po :  Qo: ro :0 .  785s :0 .  5080:  1

Projection Elements:$
ro':0.3467 po':0.8352
I'o' :0.1049 q6':0.5t[03

z :  / J - J J .  )

Cartesian Matrices:$
vt :  -0.2774r vs:0.9607a

t Direct cell elements were calculated from the six reciprocal cell elements.

{ Values tor a*, b*, and c+ are from precession rr-ray measurements; values lor aa, pa,

and 7* are from goniometric measurements by Murdoch (1940). Reciprocal angles ob-
tained from precession film measurements were within *2.5' of Murdoch's values.

$ Values calculated from direct and reciprocal cell elements using equations given by
Evans (1948). Projection element values listed by Murdoch (19t10) agree with these to
+0.0001.

i l  8 .323 -3 .s6e 0  l l
Direct Matrix: ll o 12.s6o 0 | (in A)

l l -2 .886 -0 .Ose 6 .678 l l
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formed to {001 }, the transformation matrix being 101/010/001, the
direct cell thus obtained is in the P21f aorientation. In both descriptions
of the cell the cleavage plane is (110). Table 3, column 2, gives the meas-
urements of Barnes (1949) as transformed to the P21f a setting. In the
present study probertite crystals from the California mine, Boron, Cali-
fornia, were examined and the values of the crystallographic elements
found are given in Table 3, column 3, for the P21f a setting. A slight
improvement in the agreement of calculated with observed density has
resulted.

Tenr,n 3. Cnvsrar,r,ocne,pnrc Dere ron Pnosnntrte

Monoclinic, space group P 2t / a - Czn', Z : 4 [NaCaBbOr' 5HrO ]

Barnes (1949) Present Study

p

a : b :  c t
Volume
Density (calc.)

(obs.)

(1)
ph/n

1 3 . 8 8  A
12.56
6 . @ 9

107'40,

1 . 1 0 5 3 : 1 : 0 . 5 2 6 3
r0g7 .2 L3

2.126 g.cm.-z
2. 141 (Schalier, 1930)

(2)*
P2t/ a

13.44
12.56
6.609

100'17',

1 . 0 7 0 : 1 : 0 . 5 2 6

(3)
P21/a

13 .43+0 .04  A
12.57 +0.O4
6.58,  + 0.02

100"1s',+ 05',

1 .068 :1 :0 .524
1095 A3

2. 131 g.cm.-3

a

b
c

* Transformed from original values in column (1) with the matrix 10T/010/001.

t Schaller (1930) from morphologic measurements found 1.1051:1:0.5237; for the

transformed cell, using his average of 99o53' for B, the ratio becomes 1.0683:1:0.5237.

PowlBn DmlnecrroN Srunv

A pattern of ulexite was prepared from crystals originating at the

Jenifer shaft, Boron, California; a probertite pattern, from type locality
crystals found at the Baker mine, Boron, California. A complete set of
interplanar spacings for each mineral was calculated down to values of
1.5 A on the Datatron computer using a program developed by D. E.
Appleman. For ulexite, the reciprocal matrix given in Table 2 was used
for the calculations, and for probertite, a reciprocal matrix prepared
from the data in Table 3, column 3, was used. Table 4lists observed and
calculated interplanar spacings for ulexite and Table 5, those for prober-
tite. Indexing for probertite is given for both the original cell (P2t/n)
and the transformed cell (P21/ a). Observed spacings found in the present



T,mln 4. X-Rav Powoon Dnra lon Urnxtm, NaCaB5Os.8H2O
Tricl inic PT a:8 80r+0.02, b:12.86+0.04, e :6 67a+0-02 A;

a:90'15',  9:109"O7', ?:105'06' (al l  +05')

Measured* Calcuiatedt Measrrredx Calculatedt

100
15
80

30
7

o
4
4

t 2 . 2
8  .03
7 . 7 5

6.00

5 . 8 3

5 . 6 6
5 . 4 2
5 . 1 9

4 . 6 0

4 . 3 3

12.36
8 . 0 0
7 . 7 7
6 . 2 8
6 1 8

1 6 . 0 4
\6 .00
5 . 8 3 5
5 7t7
5. 688
5 .388
5 . 1 9 5
4.639
4.590

(/- \L<

\4 .341
4.281
4.202

l4 .163
14.1s7
4.129
4.120
4.090
4.056
3 .998
3.939
3 .884

I 3 .7ee
\3 .7e1
3 .627

J3.612
\3.601
3 . 5 2 8
J . J / . )

3 .352
3.334

/3 .308
\3.2ee
3.268
3 .235
3.228

J3 .210
\3 .1e6
3 .140
3 . r t 7

13.0e6
13 .090
3 .045
13 .019
.1 3 .013
12 .999
2 .974
2.966
2.948
2.92t

010
100
I10
001
020
T01
110
0 1 1
120
T11
0 1 1
1 1 1
021
12r
1T1
120
101
021
130
210
2r l
030
12r
201
200
r2r
220
1 1 1
221
2 t l
081
T31
zto
230
131
t02
130
031
23r
IB1
Ir2

121, tt2
140
002
012
22r
040
21r
202
212
220
ot2
22r

2O1,122
t22

t . )

10

15  2 .91+ 12.918 M2. I 2 . 9 1 5  
3 1 1'2.888 
141

2.887 04r
2.859 240
2.858 212
2.851 32r
2 .8M 222
2.824 301
2.809 l4r

12.76e !10
\2.765 24r
2 .7 46 231
2.7 39 320
2 .718  z t l

12.694 022
\2.692 131

2 . 6 7 2
2 . 6 7 0

12.66s
\2 .6s9
2.646
2 . 6 3 3
2.63r
2 . 6 2 5
2.619
2.615

12.606
\2 .s97
2.590
2.589
2 . 5 8 0
2 . 5 7 8
2 . 5 7 2
2 . 5 3 9
2 . 5 3 5

r12
041
300
J J I

140
r02
l 4 l

o32
o a l

3T1
1s2
222
r22
3-30
232
r32
150
230
312

7

1 5

+

3

3

2 . 8 M

2 . 7 6 7

1.5  2 .692

15 2 .661

3 . 9 8

3 . 8 9

s . 7 9

3 .59

3 . 2 9

3 . 2 0

10 2.597

1 0  2 . 5 7 2

5d 2 .415
3 2 .381
3  2 . 3 5 0
3 2 .313
3 2 .282
7  2 . 2 3 2
6 2 .198
6  2 . 1 7 3
3 2 .129
4 2 .090
3 2 .063
+h 2 023

15 1 933

plus additional lines,
a l lw i th l (7

l . ) n

3  .01

" 
* Corrected for shrinkage; b:broad, d:difiuse. Ra{iation: Cu/Ni, XCuKa:1.5418

A. Lower limit of 2A measuiable: approxim4tely 7' (13 A).
t All calculated lines listed for ilnnt)2.S A.



Tnnrn 5. X-Rav Powlen Dare r.on Pnosnnrrrp, NaCaBsOs. 5HgO
Monoclinic P2r /a; a:13.43 +O.04, b:12 57 +0.04, , :6.58e +0.02 A; 0:100'15'+0.5'

Measured*

Present Study

Calculatedt

d'nxt

Present Study For P2r/n
(Barnes, 1949)

hkt,

1 1 0
200
T01
020
2r0
T 1 1
120
011
101
2rr
1 1 1
220
T21
o2r
301
310
22r
311
130
tzr
211
320
230
321
t J t

031
22r
231
400
4rr
202
131
4to
301
112
040
o02
212
311
140
012
330
331
421
312
420
I22
231
222
32r
240
T4l
041
022
t t2

9 108
6. 608
6.484
6.285
5.849
5 . 7 6 2
5 . 6 7  6
5 . 6 1 8
5 . 1 0 4
5.000
4 . 7 2 9

I  4 .ss4
14. s13
4.442
4.264
4.157
4 . 1 r 8
4 .038
3.994
3.962
3.802
3.ff i7
[3.  s3e
./ I <?O
t ?  ( 1 0

3 .485
3 .368

13.322
13.304
3.260

13.242

2.989
2 . 9 7 4

12.e42
\2 .e24
2.9 t3

J2 .889
\2 .881
(2 .839
I  2 .838
12.828
(2 .8 t0
j  2 .80s
t )  701"

10

9
9

10

10

10
10

6

z

3

10b

5 . 7 4

5 .02
4 . 7 3

4 . 5 3

4 . 4

4 . 1 6

4 . 0 5
4.00

3 . 8 0

3 . 5 2

J . J /

3  . 3 1

3 . 2 4

3 . 1 8

J . I +

3 . 0 8  t o  3 . 0 4

2.935

2.884

2.837

2.807

1 1 0
200
001
020
210
011
r20
1 1 1
201
1 1 1
21r
220
021
12r
201
310
t2 l
211
130
221
3 1 1
320
230
221
031
131
321
131
400
3 1 1
oo2
231
410
401
t t 2
040
202
012
411
140
212
330
231
321
112
420
I22
J J I

022
42r
240
041
T41
222
3r2

J J

(continued, on next page)
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Ttntn 5.-(continued.)

Measured* Calculatedt

Present Study Present Study For PZt/n
(Barnes, 1949)

hht,

501
322
402
241
511
t4r
412
43r
122
430

T32, 510
232
4rl
340
202
331
34r
52r
032
212
422

dd*r dn*t

o

2
2

2 . 7 3 1

2.697

2.666

2 . 5 9 r

2 . 5 5 8

2 . 7 5 2
(2 .727
112.725
12 .722
2.689

12 .676
12 .663
2.628
2.608

I2.se!
\2. s86
(2.564
Jz.sor
\  r  <<9.
l r  ( q t

2.534
2 .530
2.52r
2.513
2 .501
2 .500

401
t22
202
t4l
4tl
24r
212
331
322
430

I32,510
032
511
340
402
43r
241
+21
232
4r2
222

4  2 . 4 7 3
7b 2 .378to 2.327
|  2 .24r
|  2 . 2 t 7

2 0  2 . 1 7 2
6 2 .138
6 2 .120
9 2 .080
9 2.020

20 1.993
1  1 . 9 3 8
6 1 .860
6 1 .824

10 1 .805
6  t . 7 7 7

plus additional lines, all with I(4

*  Corrected for  shr inkage; b:broad.  Radiat ion:  Cu/Ni ,  t rCuKa:1.5418 A. Lower
limit of 20 measurable: app;o;imately 7" (13" A).

t All calculated lines listed for iln*t)2.5 A.

study are in good agreement with those given in previously published
powder data. Observed spacings for ulexite are given on ASTM card
2-0914 and in a paper by Baur and Sand (1957). Powder data for prober-

tite are listed on ASTM card 4-0107. No indexed patterns for these
minerals have previously been available.
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