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CELL DIMENSIONS O]i THE, HYDRATED PHOSPHATE, KINGITE

Tosnro KAro, Department oJ Mineralogical Sciences,
Y ama guc hi U niaer s ity, y o s hid a, v amoguc hi, J a p an.

Assrnacr
cell dirnensions of kingite, Ah [(oH)3/(porr].9Hr0, have been determined usins elec-

tron and X-ray powder dif iraction data: a:9.15f 0.01 A, b:10.00+0.01 A, ,: i.Z++.
0.02 A, a :98.6+ 0. 1", 0:93.6+ 0. 1o, t :93.2+ 0.t", V : ASZ tZA",} : i, o",r : r.nOS,
p-"^.:2.2-2.3.

Kingite, Als[(OH)3/(PO{)2].gHrO, is a hydrated aluminum phosphate
mineral first described and named by Norrish et at. (r9s7) who studied a
specimen from the Fairview phosphate workings, Robertstown, south
Austra l ia .

Physical, chemical, differential thermal and X-ray diffraction data
were recorded by Norrish et al.but its powder diffraction pattern could
not be indexed by them for the low symmetry of kingite.

Fine dispersions of kingite type specimen have now been examined by
electron microscopy and single-crystal electron diffraction patterns re-
corded for the preferred orientation taken up by the crystals on the stage
of the microscope. rndividual cry-stals are either platelets or irregular
thick fragments and are abont 0.5 pm to 1.0 prm in size. These crystals
are, however, unstable to Ionger exposure under the strong beam due to
the heating in the electron beam; this is consistent with the dehydration
data of Norrish el a/.

The obtained electron difiraction patterns show an oblique array
suggesting monoclinic or tricl inic symmetry. The kingite was heavily
shadowed by aluminum to give reference diffraction rings for calibration
purposes.

This led to the following trial values for certain unit cell parameters,
v iz . ,  c :7 .14,  b:9.78 A,  a:98o.  X-ray powder d i f f ract ion data were ob-
tained using a Philips wide-angle diffractometer, and one of the three
longest reflections was assumed to be d(100):9.0g A for the trial base.
(The other two reflections, 9.8 A and 7.2 A *e.e assumed to be (010) and
(001),  respect ive ly . )

These trial parameters were then used as input data for two computer
programs which generate all possible spacings within the monoclinic and
tricl inic systems. observed and calculated spacings were compared and
indices assigned where there was a reasonable fit. These indexed reflec-
tions were subsequently used in a least squares programs for refinement
of lattice constants, and the whole trial and error process repeated, in
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Taer,r. X-n.{v Powort Dar:e ron KrNcrre

Calculated Measuredu Calculated Measured*

d(A)d(A)d(A)d(A)

010 9.866
100 9.112
001 7 -140
T10 6.926
0I1 6.259
101 5.433
11T 5.2rr
1T1 5.109

111 4.845
120 4.577
200 4.556
02r 4.386
r21 3.930

12t 3.620
220 3.463
r2t 3.417
trz 3.350

112 3.244
22r 3.183
T30 3.161
1t2 3.107
22r s .0s3
131 3.031
13T 2.972
1t2 2.944
r22 2.94r
310 2.850

311  2 .7s7
3T1 2.7rO

131 2.637

230 2.587

222 2.554

9  9 . 8
r00 9.r

6  7 . 2
24 6 .85
1 4  6 . 2 7
28 5 .43
(t < tc.

2 4  5 . 1 0
4 4 .96
5  4 . 8 6

1 8  4 . 6 r
5  4 . 5 5
8  4 . 3 6

15 3 .9s
1  3 . 7 5
6  3 . 6 0

65 3 .48
80 3.45
2 7  3 . 3 8
2  3 . 2 9
2  3 . 2 4

3 9  3 . 1 7
I J  J .  I +

3 0  3 . 1 0 8
t4  3 .066
10 3 .018
24 2 .975
4  2 9 4 n
2  2 8 9 3
9 2.846
6 2.837
7  2 . 7 s 9
3  2 7 1 2
2 2 .667

t 2  2 . & O
9 2 .617
5 2 .590
8 2 .568
/  ' !  <<1

1 n a  ?  ( r o

32T 2.480
041 2.450

113 2.353

23r 2.315

33=1 2.232

3 2.529
7  2 . 4 7 6
5  2 .M6
| 2.4n+
1 2.365
s 2.336
7 2.300
,, J 10'.)

2  2 . 2 7 4
3 2.269
|  2 .255
3 2 .248
7 2 .233
4 2 .216
4 2 .208
3 2 .196
t  2 .189
t  2 .182
2  2 . 1 5 9
2 2 .148
3 2 . t27

t4  2 .112
3 2 .054
t 2.041
6 2.026
2 2.ffi5
8  1 .990

1 3  | . 9 7 4
3  1 . 9 2 2
|  1 .914
5 1 .900
1 1 .882
1  1 . 8 7 5
3  1 8 5 8

1 3  1 . 8 3 5
1  1 . 8 1 4
3  1 8 0 5
2  r . 7 8 8
4  t . 7 2 2

331 2.163

322 2.t16

42r 2.03s

332 1 988
050 1.973
151  1 .918
233 |.9r2
M2 1.898
233 1.882
412 1.875
340 1.856
051 1.831
510 1.814
r14 1.806
251 r.787

' Data measured by Norrish et atr. Co-Kalpha radiation, ramila:l ?889 A'
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both crystal systems. The calcuation assuming monoclinic symmetry
did not converge. The cell parameters obtained from the final least
squares adjustment, assuming tricl inic symmetry, are as follows:
a : 9 . 1 5 * 0 . 0 1  A ,  r : 1 0 . 0 0 + 0 . 0 1  L ,  t : 7 . 2 4 + 0 . 0 2  A ,  o : 9 8 . 6 + 0 . 1 0 ,

B : 9 3 . 6 + 0 . 1 o , . r : 9 3 . 2 + 0 . 1 o ,  V : 6 5 2 + 2  h 3 ,  Z : 2  ( u s i n g  a b o v e  d e -
scribed chemical formula), p.uu:2.465, pmeas: 2.2-2.3. (by Norrish el ol.)

Meta-kingite, which is obtained by dehydrating kingite at 160oC and
gives the same X-ray pattern as that reported by Norris et al., gives
insufficient difiraction spots in the electron diffraction pattern to allow a
similar calculation of unit-cell parameters.

The author would like to acknowledge Drs. K. Norrish and E. W.
Radoslovich, Soils Division (Adelaide), C.S.I.R.O., for the sample, X-
ray data and facil i t ies. The C.D.C. 3600 computer at the Computing
Centre of C.S.I.R.O. and HITAC 5020E computer at the Computing
Centre of University of Tokyo were used.
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THE SYNTHESIS OF CHLORITOID AT LOW PRESSURES

R. A. F. Gnrnvn aNl J. J. Fawcrm, Deparlment oJ Geology,
Uni,aersity oJ Toronto, Toronto, Canada

Arsrnecr

At oxygen fugacities along the Ni-NiO bufier, triclinic chloritoid has been slmthesized
from oxide mixes at water pressures between 8.7 kbar and I kbar and at temperatures be-

tween 650"C and 525oC respectively. The data indicates that the 7 A chlorite assemblage,
previously considered to be the low pressure metastable equivalent of chloritoid, is un-

stable with respect to chloritoid.

The mineral chloritoid, FeAlzSiOs(OH)2, has been the subject of
several experimental studies in recent years. (Halferdahl, 1961, Ganguly
and Newton, 1968). Although it has been described from various ap-
parently low-pressure geological environments, including contact meta-
morphic aureoles, chloritoid has never been successfully synthesized
below pressures of the order of 10 kbar. The lowest pressure of synthesis
reported is at 9.2 kbar and 6500C by Halferdahl (1961).

In previous low pressure studies on chloritoid by Halferdahl and on
iron cordierite (composition: chloritoid*SiOz, Fig. 1) by Schreye:


