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nism. The presence of minerals such as portlandite and ettringite indi-

cates an extremely high alkalinity, in excess of pH:11, which also re-

mains unexplained. Water of such high alkalinity is most unusual, but

has been observed, although not explained, in at least one case: the

spring of Aqua de Ney, California. (Feth et al,.196l).

The data presented here are the result of a preliminary study of this

interesting rock sequence. Further unusual mineral assemblages are

under investigation.
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THE PROBABLE CHEMICAL FORMULA OF AKSAITE,
A NEW HYDRATED MAGNESIUM BORATEI

Joen R. Cr,anr< AND RrcHARo C. Enl, U' S' Geological Suruey,

Washington 25, D. C. and. Menlo Park, Colifornia.

Aksaite, a new hydrated magnesium borate' has recently been de-

scribed by Blazko et at. (1962). Crystallographic, optical and chemical

data were given, but these authors stated that the chemicai composition

of aksaite remains in doubt. The two chemical formulas suggested by

them as  mos t  p robab le  a re :  2MgO 'SBzOa '8HzO and  3MgO '7B2Oa
.1oHrO.

1 Publication authorized by the Director, U. S. Gological Survey.
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Lehmann and Papenfuss (1959) described the synthesis of MgO
'382O3.5H2O and gave r-ray powder data for that compound. Crystals
were kindly supplied to us for examination through the courtesy of
Prof. Dr. H.-A. Lehmann, Institut f i ir anorganische Chemie der TH
fiir Chemie, Leuna-Merseburg, to whom we are indebted. The crystal-
lographic and optical data obtained by us for the synthetic magnesium

Tnnr,n 1. Cnysrarlocrepurc AND Oprrcar Da.rn Colrpmrn lon
McO. 3BzOs . 5HzO aNo lon Arserrr
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MgO'3BzOr SHzO
Present Studyl

Aksaite
Blazko et al. (1962)2

Symmetry
a
b
c

Cell Volume
Space Group
Cell Contents
Specific Gravity

(calc.)
(obs.)

Optical Classification

p
^t

2V (calc,)

Orthorhombic
12 . s4+0 .04 .4 .
24 .3510  08
7.484+0 025
228s a3
Pbca

8 lMgO.3BzOr .5HzOl

1 . 9 7 2
1  . 9 9  t  0 . 0 1

Biaxial negative
1 . 4 7 2 X O . O O 2
1 . 5 0 3 t 0 . 0 0 2 ,  Y : c
1 . 5 2 6 1  0 . 0 0 2

800

Orthorhombic
r 2 . 5 4 + 0 . 0 1  k x
24.28 !O.02
7 . 4 9  +  0 . 0 1
2280,49 k){!
Pbca

5[2MgO.5BzOr .8HzO]

2 072
2 066

Orthorhombic
1 2 . 5 2 + 0 . 0 1  k X
2 4 . 2 7  l O . O 3
7  . 4 7  +  0 . 0 1

12270 kx3l3
Pbca

4[3MgO.7Blor .10HzO]

2 293
2.s67

Biaxial negative
1 . 4 7 3 1 0  0 0 1 ,  X : a
1 . 5 0 8 1 0 . 0 0 1 ,  Y : c
1 . 5 2 8 ! 0 . 0 O 1 ,  Z : b

88o [73cF

tSynthetic cr-ystals (Lehmann and Papenfuss, 1959). ?recession cameta, Zr-filtered Mo radiation, tr
(MoKa):O.ltO7 A; film measurements corrected for shrinkage.

z Sample (1) collected by Blazko et. al,.,locality not given; sample (2) collected by V. V. Lobanova, locality
not given. The samples are said to be identical in morphology and in optical properties. Single-crystal data ob-
tained from Laue, rotation, oscillation and Weissenberg photographs using Nifiltered Cu radiation, I(CuKa)
:1 .539 kX.

: Caiculated by present authors from data given by Blazko el al,. (1962).

borate crystals are compared in Table 1 with the data given by Blazko
et al. (1962) for aksaite. The c-ray powder data, calculated by us from
the cell constants found from single-crystal examination, are given in
Table 2 together with the observed lines measured by us and by Leh-
mann and Papenfuss (1959) for the synthetic crystals. The measured
lines for aksaite reported by Blazko et al. (1962) are also given in Table
2 for comparison.

The evidence of the two tables is sufficient to show that the mineral
crystals of aksaite are the same compound as the synthetic crystals of
I {gO.3BrO3.5H2O, thus conf i rming the suggest ion made by M. E.
Nfrose, quoted by Fleischer (1963). The chemical analyses and specific
gravity determinations for aksaite were apparently made from impure
samples, a possibil i ty suggested by Blazko et ol. (1962).
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T,ler-o 2. X-nav Powopn Darn Couplnro ron MgO.3BzOr'5H:O axo Axsatrr

Calculatedt Observed

Synthetic MgO 3BzOs'SHzO

Present Studyr
Lehmann and

Papenfuss
(19s9)N

dn*t
(A) 0/2

020

02 l
200
1 l l
040
2to
121
220
13r
230
201

041,211
2 2 1
141
240
231
060
1 5 1
2SO
241
002
3 1 1
102
022
061
r12
321
1 2 2
161
251
260
3 3 1
132
202

2 r 2 , O 4 2
400
341

222, 410
2 6 r
142

1 2 . 2
7  - 2 5
6 4

6 . 3

6 . 1

5 . 7

.5 03
4 . 9 8

4 7 2
4 4 8

4 3 7

4 1 5

3 8 6

3 . 7 4

1 0
2

100
35

10

1 0
2

50

50

7 0

7 . 6

8 . 8

9 4

1 0 .  I

1 0 8

4 7 2

4 4 0

6 3 8

6 .21J
6 .09 \
6 o7l
J . 0 6 l

J . J / , )

5 0 4

4 . 9 6

4 8 1

4 7 2

t tt)

4 37J
4 1.4
4 . 0 6
3 .88 \
3 8sI
3 7 1
3 . 7 4 [
3 . 6 1 1
3 .se I
I  { C t
" " ' l
3 . s 7 1
3.  ss ]
3 5 0
r aa)" - - i
3 .4.3 \
3 . 4 2 1
3.41 . )
3 3 3
3 . 2 8
3 2 1
3 .  1 9
3.  14)
3 .  1 3 1
3 . 1 1 1

I

3 .  1 0 1
3 .O9)

s0)
I

2)

10
1 0

50
2

2 5

5

2

20

3 6 2

1 4 . 0

t 4 2 3 1 4

I Interplanar spacings (dllrl) calculated from-single crystal data given in Table 1 for synthetic MgO'3BzOr
.SHIO. All possible l ines are l isted for d)2.200 A.

r Film no. 17198; camera diameter 114.59 mm; Ni-fi l tered Cu radiation, I(CuKc) :1'5418 A; f i lm meas-

urements corrected for shrinkage; b:broad. Lower limit of 29 measurable, approximately 70 (13 A).
3 Camera diameter 57.4 mm; Ni-filtered Cu radiation; 0/2 coresponds to Bngg0; dr*z obtained from

0/2 value by present authors; significance of intensity notations apparently as follows: st:very strong, m
:strong, s:medium strong, and ss :medium,

a Camera dianeter 57.29 mm; Mn-filtered-Fe radiation; NaCl used as an internal standald. Sample may

have contained anhydrite (strongest line 3,50 A); r:difiuse. 5 CuKd line of 021.

Aksaite

Blazko et al.

(1962)l

dnrt
(kx)

6 3 6

6 . 0 0

5 . 6 3

4 9 8

4 . 6 8

4 3 3

4 . 1 0

3 . 7 0

3 .  5 4

3 . 4 3

3 . 3 1

3 1 9

3 0 9

10

8
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T tnt n 2-(continued.)

Synthetic MgO.3BzOa. 5HrO
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Present Studyr
Lehmann and

Papenfuss
(1959)a

dn*t
(A)

Blazko el al,
(1962)4

dnm
(A)

171
270,O80,420

232
430
3 5 1
152
4 1 1
242
081
2 7 L
421
302
440
312

1 8 1 , 0 6 2
280
431
s 2 2
361
162
252
332
450
441
281
342
262
37r
1 7 2
191
451
290
460
023

0,  10 ,  0
1 1 3
352
102
123
412
5 1 1
082
2 7 2

291,422
461
1 3 3
3 8 1
521
470

3 .06\
3 o4l
2 988
t stt)

?.e2o[
2 .887 |.
2.871l .
2.842
2 .81e ]
2 . 8 1 8  |
r  c r  r l
2,788\
2 7871
2 . 7 7 0
r  z< r l
2 .7 38{
2 .7241
2 .7 t8 l
2 . 7  t 4 )
2 .6871
2.6821
2 637
2.636
2 6t2
2 . 5 7 1
Z  . 5 J J

2 519\
2.s t9 l
2 497
2 . 4 9 4
2 .4861
2 . 4 8 4 1
2.+8r )
I tdt\- " 1

2.43s1
1 L14 l

2-420
2 4o3J
2 .3es f
2 .39 r )

2  . 361  1
2.3601
c  a q p l

2 .3ss]
2 . 3 4 3

2 . 3 3 4
2.329

3 .05

2 . 9 2

2 . 8 8

2 . 8 2

2 7 9

2 7 4

2 . 7 2

2 6 9

2 .92

2 8 r

2 7 6

2 . 4 8

2 4 4

Observed
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T ew-n 2-(contrinueil)

Calculatedr

Synthetic MgO 3BrOa.5HrO

dhkt
(&)

0/2 dhkt I

(&)
dhkt I

(&)

Present Study2
Lehmann and

Papenfuss
(1959)3

Blazko et o,1,.

(1962)4

d hkt
(kx)

2 115
2 . O 7 4

2 . O 1 3
1 .970

Plus additional
lines, all with
I < 6

182
540

0,  10 ,  I
2 t 3 , O 4 3

432
362
5 3 i

223 i  1 ,  lO,  1
2 ,  lO,  O;143

442
233
471
541
2E

2.32o)
2  . 3 l e  I
2 . 3 1 6 1
2 .3081
2.so4l

2 .215
2 .2 rO

2 . 1 8  s b j
2  t 3  t 0
2 1 1  5
2 09t 101
2 07a 2[
2 . 0 4 2  2
2 . O 2 e  5
1 . 9 7 7  1 0

Plus additional
lines, all with
I < 5

2 . t ' j

2 0 4

6
72 2 . 9  1  9 8

Plus additional
lines, all with
I (ss

Other considerations provide additional evidence that the formulas
given by Blazko et al. are implausibie. First, the space group Pbca con-
tains only fourfold and eightfold positions, so that the total number per

ceil for each atomic species may be expected to be an integral multiple
of  four  or  e ight .  F ive formula uni ts  of  f  2N{gO'3B2O3'8H2O per cel l
requires that 10 X4g, 125 O and 50 B be assigned positions, yet none of
these numbers is an integral multiple of four or eight. On these grounds,
the fi.rst formula is unlikely. The second formula, 3\'IgO'7820i'10H2O,
violates the second rule governing hydrated borates (Christ, 1960), i.e.
a borate polynuclear anion of low to medium negative charge is expected.
On the other  hand,  the formula for  the synthet ic  l {gO'3BrO3'5HzO is
analogous to that of the mineral gowerite, CaO'3BzOa'SHzO (Erd et aI.
1959).  The st ructura l  possib i l i t ies associated wi th th is  1 '3 'c  formula

have been discussed by Christ (1960) and, with particular reference to
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gowerite, by Christ and Clark (1960). A similar discussion may be ex-
pected to be valid for the 1 .3 .5 Mg compound by analogy to the relation-
ship between the 2CaO.3BzOe.rHzO ser ies and the 2MgO.3BzOs.*HrO
series. The prediction by Christ (1960) that the mineral inderite, 2MgO
'38203'15HrO ( : lesser i te ;  Schal ler  and Mrose,  1960) would have the
structural formula, Mg[BgOa(OH)u] .5HrO, has recently been confirmed
by a crystal structure analysis (Ashirov et al., 1962). AII evidence there-
fore points to the chemical formula MgO.3BrOa.5HzO, and a probable
structural formula Mg[BeOa(OH)o]r.HrO for the mineral aksaite.

We wish to thank four of our colleagues for their contributions to this
study. Daniel E. Appleman calculated the d-spacings on a digital com-
puter using a program written by him; Mary E. Mrose took r-ray powder
patterns of the synthetic crystals, and she and M. Fleischer translated
the Russian article on aksaite into English; C.L.Christ gave valuable
discussion on the structural principles.
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X-RAY DATA FOR HYDROTUNGSTITE

Rrcueno S. l,Irrcuon, Uniaersi.ty of V.irginia, Charlottesaille, Virgi nia.

In the original description of hydrotungstite by Kerr and Young
(1944) r-ray powder data were given for the more intense reflections,
but the values were not indexed and the unit cell constants were lacking.
Recently the writer noticed a simiiarity between the *-ray patterns for
hydrotungstite (tungstic acid, H2WO4.HrO) and molybdic acid
(HzMoO+'HrO). This similarity is quite reasonable since the ionic radii
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