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Summary.--The unit cell of okenite (CaO.2SiO~.2H~O) has been determined for 
a specimen from Bombay, India, using a combination of X-ray, electron-microscope, 
and electron-diffraction methods. It  is anor thic with 1 a 9"84, b 7.20, c 21-33.~.., ~ ,()0"0 '), 
fl 103.9 ~ ~, 111.5 ~', elongation b, Z 9. These data are compatible with the gonio- 
metric rcsults of Boggild (1922) and allow the latter to be interpreted. 

A specimen from Crestmore, California, which Eakle (1917) had described as 
okenite, was also examined. It was found to be a new species, having the same 
composition as okenite but distinguishable from it by its optical properties, X-ray 
powder data. and unit cell. The latter is anorthic with I a 7.60, b 7.32, c 9.86 ~., 
c~ 111 ~ 48', fl 86 "~ 12", y 103 ~ 54', elongation b, Z = 3. Because of the relation to 
okenitc, the name ~ekoite is suggested. 

PART I. OKENITE. 

KENI]~L (CaO.2Sl()2.2]t.,O) was discovered on Disko Island, 
Greenland .  I t  was first  ana lysed  by  yon  Kobel l  2 a n d  descr ibed  b y  

B r e i t h a u p t .  a I t  has  since b e e a  found  in o the r  localities,  usua l ly  asso- 

c i a t ed  wi th  basal t .  Sa t i s fac to ry  ot)tieal and  gon iomet r i c  d a t a  were first 

ob t a ined  by  Boggild ;4 the  fo rmer  are g iven  in t ab le  I and  the  l a t t e r  in  

t ab le  IV. These  d a t a  showed t h a t  okeni te  was anor th ic ,  b u t  t he  axia l  

r a t ios  could no t  be ob ta ined .  The  opt ica l  d a t a  were conf i rmed b y  Til ley 

and  Alde rman .  s X - r a y  powder  d a t a  h a v c  been  r epo r t ed  ( table  I I ) ,  a n d  

X - r a y  p h o t o g r a p h s  of f ibrous aggrega tes  h a v e  shown  t h a t  okeni te  be- 

longs  to the  g roup  of f ibrous h y d r a t e d  ca lc ium sil icates h a v i n g  a r epea t  

( t is tancc ot' a b o u t  7"3 ~,. in t he  fibre direct ion,  s No s ingle-crys ta l  d a t a  

h a v e  been  r epo r t ed  aud  the  u n i t  cell has  no t  previous ly  been  de te rmined .  

1 This cell is not in convcntional orientation: sec pp. 13 and 16, footnote~s. 
~- F. yon Kobell, Arch. gesammte Naturlchre (Kastner), 1828, vol. 14, p. 333. 
s A. Breithaupt, Ann. Phys. Chem. (Poggendorff), 1845, vol. 64, p. 170. 
4 0 .  B. Boggild, Kgl. ])anske Vidcnsk. Sclsk., Math.-~,s. Medd., 1922, vol. 4, 

no. 8 [M.A. 2 59]. 
C. E. Tilley and A. R.. Alderman, Min. Mag., ]934, vol. 23, p. 513. 

e H. F. W. Taylor, Proc. Int. Syrup. Reactivity of Solids, Gothenburg, 1952 
p. 677. 
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Optical a~d X-ray investigalion. 

A s p e c i m e n  f r o m  t h e  S y h a d r e c  M o u n t a i n s ,  B o m b a y ,  I n d i a  ( B . ~ .  

27989) ,  w a s  e m p l o y e d .  I t  c o n s i s t e d  o f  f i b rous  a g g r e g a t e s  s h o w i n g  

pa r a l l e l  e x t i n c t i o n ,  p o s i t i v e  e l o n g a t i o n ,  low b i r e f r i n g e n c e ,  a n d  m e a n  

TABLE I. Optical and unit-cell da ta  for okenite and nekoite. 

Ot)tical data. Okenite. Nekoite. 
Locality: Disko Is land and Faeroe Crestmore, California 

islands 
Jnvestigator:  Boggild This investigation 
Hat)it: Usually fibrous. Single crys- Needles with one good 

tals are prisms with one cleavage 
good cleavage 

Twinning:  On the  clcawlge face, very Needles show repeated twin- 
common.  On the prism ning with lamellae parallel 
axis, rare to the cleavage 

Indices: a" 1.530, 7'  1.541 Mean 1"535 : 0-002 (Na) 
Birefringence : 0'011 Very low 
Extinct ion:  Crystals lying on the  clear- Always inclined. Individual  

age have  parallel extine- lamellae lying on the  cleav- 
tion, .- ehmgation. In age have -- elongation, ex- 
other orientations, extine- t inetion angle 26 ~ Lamcllae 
tion is oblique; for laths s tanding on edge have - 
lying on edge it makes ehmgation, extinction of 
32.: 2 '), and for laths adjacent  twin lamellae sym- 
s tanding on end, 25:' with metrical at  5 '~ to the  twin 
the  cleavage trace 1)oundarie.s 

Interference figure: Individual  lamellae lying on 
the  cleavage give a poor 
biaxial { acute bisectrix 
figure 

2V : Probal)ly large 70 ~ approx. 
Optic sign : Negative* Positive 
Optic orientation: X makes about  2(l ~ with the  

needle axis, and Z is roughly 
perpendicular to the  cleav- 
age 

Unit-cell data. 
System : Anorthie Anorthic 
Parameters :  a 9.8.1 .'~. c 9-86 :~. 

b 7.2,) b 7.32 
c 21.33 (3 x 7.11) a 7.60 

90': Y 103~ 54' 
fl ]03..(U fl 86'  12' 
Y 111.5' c~ i l l : :  48" 

(;ell contents  : 9[CaO.2Si()~.2 It oO ] 3 [Ca().2SiO2.2H20 ] 
Fibre direction : b b 
Cleavage: (00l) (100) 

* C. E. Tilley and A. R. Alderman, loc. cir., for a specimen from Scawt Hill 
(Northern Ireland). 
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refractive index, 1.540• Similar data were obtained by Christie 1 
for a specimen of a comparable degree of crystal]inity, also from Bombay. 
The data are compatible with those obtained by Boggild for single 
crystals from the type locality and elsewhere although, because they 
relate to fibrous aggregates, they are necessarily less detailed. 

FIG. 1. X-ray rotation photographs about the needle or fibre axis. 
Cu-Ka radiation, a, okenite, Bombay; b, nekoite, Crestmore. 

X-ray powder data, obtained using 6-cm. and 19-cm. diameter cameras 
with Cu-Ka radiation, are included in table II.  They are in substantial 
agreement with the various sets of data obtained by previous workers, 
including those of McMurdie and Flint, which probably relate to r~aterial 
from the type locality. Minor differences exist between all the sets of 
data, but they can probably be attributed to the presence of impurities 
in some or all of the specimens, and the data indicate that all consist of 
substantially the same mineral. 

The X-ray fibre rotation patterns previously reported, and reproduced 
in fig. la, showed that the repeat distance along tlle fibre axis (later 
shown to be b) was 7.20 ~. They also enabled the k-indices of the powder 
reflections to be determined, and these indices are also included in table II.  

Attempts to isolate single crystals of sufficient size for X-ray work 
were unsuccessful, even the thinnest fibres giving rotation photographs. 
Complete indexing of the data by X-ray means was therefore not possible, 
and electron diffraction was employed. 

1 W. A. K. Christie, Rec. Geol. Survey India, 1925, vol. 56, p. 199 [M.A. 3-287]. 



1. 2. 

d. L d. I .  

21 v v s  0 
10.61 30 10.3 v w  0 

8.87 100 8.8 v s  0 
7.65 70 7.4 m w  0 
6.72 70 6.8 v w  1 

6.19 w 0 
5 '72  30 5.79 v v w  1 

5"35 10 5.22 w 0 

4.57 90 4.42 w 0 
4.23 70 4.27 v v w ( b )  1 
4-08 70 4.08 v w  0 
3-90 70 3.90 v w  1 
3.56 90 3.56 v s  0 

2 

3 '35 60 3.34 v v w  2 
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TABLE I I .  X - r a y  p o w d e r  d a t a  f o r  o k e n i t e  a n d  n e k o i t e .  S p a c i n g s  i n  ~ .  

3. 

3"09 

(2.99 m ) *  

3"22 v v w  1 

O &  
2 
0 

O &  
2 

90 t 3.07 s 

( 3-05 s 

2-98 m s  

2.92 90 2.93 v s  O &  
2 

2-80 w 0 
2.78 70 2 '77  m s  2 
2.69 30 2.68 v w  0 
2 '53  40 2.53 w 0 

2.44 v v w  2 
2.39 60 2.38 v w  0 

2.30 40 2-30 v w  2 

2.22 40 f 2.24 w 0 

( 2.20 w 2 

(2.16 w)*  2.15 r a w  0 

1.98 60 1.98 v w  0 
1-91 v w ( b )  0 

1-88 60 1.89 w 2 

1.84 v w  2 

hkl. d. 

001 20.6 
002 10.3 
200 8.84 
201 7.46 
l l 0  6.67 
203 6.26 
113 5.86 

004 5.25 

400 4.42 
311 4.28 
401 4-11 
114 3.90 

( 4 0 5  3.56 
] 021 3.55 
.f 221 3.34 
( 220 3.33 

{~ 5 1 0  3.18 
~513 3.18 
116 3,18 

{ 603 3.05 
207  3.04 
222 3.08 
601 3.03 

( 603 3.00 
404 2.99 
224 3.01 
024 2.95 
600 2.95 
206 2.95 
007 2.94 
223 2.89 
407 2.81 
420 2.79 
602 2.66 
408  2.53 
423 2 '45  
209 2.37 

{ 227 2"32 
621 2 '32  
424 2.30 
226 2.28 
608 2.25 
407 2.24 
427 2.21 
605 2.15 
209 2 '15  
803 1 '96 

0 . I 1 . 0  1.87 
628 1.91 
820 1.88 
427 1.88 
625 1.84 
821 1-82 

4. 5. 

d. I .  hkl. d. 

9.25 v s  001 9.15 
7.45 w 100 7"39 

6"61 w ~ 0 1 1  6.63 
( 0 1 0  6.61 

( 1 0 i  5"82) 
5-64 w(b)  _10_1 5"67 

111 5-55 
( 002 4-57 

4.55 v w  -i (110 4.44) 

4 . 1 4  v w  112 4.20 

( 201 3.39 
3"36 v s ( b )  

( 020 3"30 

3"04 w 003 3.05 

2.92 w 

2.82 v s  

2-47 m s  
2.36 v w  

2-28 v w  

{ 121 2.94 
202 2.91 
202 2.84 
122- 2.81 

(023 2.81) 
103 2.79 
120 2.78 
121 2.45 
301 2.36 

2.20 w 

2.15 v v w  

2"09 v v w  

1'90 m w  



1. 

d. 
1.80 
1.77 
1.73 

1.68 
1 "63 

1.58 
1.55 
1.51 
1.45 
1-43 
1.39 
1.36 
1.33 
1.28 
1-26 
1.21 
1.19 
1.14 
1.11 

OKENITE AND NEKOITE 

TABLe: I I  (cont.) 

2. 3. 

1. d. I .  k. hkl. d. 
91) 1.80 s 4 040 1.80 
30 1.77 v w  
20 1.74 vvw 

1.71 v v w  
30 1.68 v v w  
I0 1 "64 vvw(b)  

40 1'59 ms  
30 1 "56 m w  
40 1-52 m w  
40 I "47 v v w  
30 1.45 m w  
30 1.39 v v w  
40 1.36 m w  
40 1.33 w 
20 1.289 w 
20 1.256 w 
30 1.207 w 
30 I '193  vw 
10 I'14G vw 
10 1.112 w 

1.080 w 
1.064 w 

4. 

d. I .  
1.83 ms  
1.79 m w  

1.69 w 
1-65 vw 
1.615 v w  
1.583 v v w  
1.546 w 

1.455 v w  
1-413 v v w  
1-392 v w v  
1.357 vw 
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5. 

hkl. d. 

1. Okenit.e, Bord6,  F a c r o e  Is lands .  Amer i can  Socie ty  for Tcs t ing  Mater ia ls .  Card  Fil(~ 
of  X - R a y  Diffra(~tion D a t a .  Cards  Nos.  2 0069 and  2 0070, f rom d~t~r suppl ied  
b y  Imper i a l  Chemical  Indus t r i es  L td . ,  Nor thwich ,  E n g l a n d ,  Ec la t ive  in tens i t ies  
on numer ica l  sys tem.+ 

2. Okmfite,  ll .M. 27989, S y h a d r e e  Mtns. ,  B o m b a y .  This  inves t iga t ion .  Cu-Kc~ rad ia -  
t ion.  k-indices d c d u c c d  f rom fibre p h n t o g r a p h s .  

3. Oken i t e . . ( rMices  a n d  spac ings  ca l cu la t ed  on the  basis of  the  monoel inie  pseudo-  
cell of  the  p resen t  inves t iga t ion .  

4. -Nekoite, U.S.N.M. 956:t7, Cres tmore ,  California.  This  inves t iga t ion .  Cu-K~  rad ia -  
t ion.  

5. Nekoi te .  Anor'ohie indices and  ca l cu l a t ed  spacings .  Indices  and  ca lcu la ted  spac ings  
of  weak  retleetions m a k i n g  m i n o r  con t r i bu t i ons  to the  p o w d e r  p h o t o g r a p h  a re  
enclosed in p a r e n t h c s e s ;  those  nf  ve ry  weak  ref lect ions m a k i n g  negl igible  con- 
t r ibu t ions  are  omi t t ed .  

* D a t a  o f  M(.Murdie a n d  F l i n t  (see be low)  ; t hese  l ines were  n o t  r e c o r d e d  in t h e  
] .C. I .  d a t a .  

Less  c o m p l e t e  t )owder  d a t a  for  oken i t e  were  g iven  b y  L. M. C la rk  a n d  C. W.  
B m m  ( .Iourn.  See. Chem.  Ind . ,  1940, vol. 59, p.  155 [M.A. 8 -116] ) ,  loca l i ty  a.nd 
r a d i a t i o n  n o t  s t a t e d  ; a n d  b y  I t .  F. McMurd ie  a n d  E. I ). F l i n t  ( J o u r n .  l~es. N a t .  Bu r .  
S t a n d .  U.S.A. ,  1943, vol.  31, p.  225 [M.A. 9 45 ] ;  A.S .T .M.  I n d e x ,  C a r d  No.  2 - 0 0 6 8 ) ,  
Disko I s land ,  G r e e n l a n d ,  C u - K ~  r a d i a t i o n .  

Electron-diffraction investigation. 
A .~[etropolitan-u EM3 electron microscope was used. The 

operation of this type of instrument has been described elsewhere. 1 I t  

x C. I'1. Chall iee,  P r e c .  P h y s i c a l  See. ,  ser.  B,  1950, vol .  63, p. 59 ;  J .  F.  B r o w n  a n d  
1). Clark ,  A e t a  Crys t . ,  1952, vol .  5, p.  615 ;  T.  B. R y m e r ,  Br i t .  J o u r n .  A p p l .  P h y s . ,  
1953, vol.  4, p.  297. 
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can be used both as an electron microscope and as a diffraction instru- 
ment. In  the latter case, the area of the specimen from which the 
diffraction pattern is obtained can be reduced to a circle about 2 ~ in 
diameter. A pattern can thus be obtained from a very small individual 
crystal, and its orientation relative to the outline of the crystal can be 
determined. The diffraction pattern is a practically undistorted picture 
of the reciprocal lattice in the plane through the origin and normal to 
the electron beam. 

Specimens were prepared by crushing a little material in water and 
allowing a drop of the dilute suspension to dry on a fihn-coated specimen 
grid. An electron micrograph is shown in pl. I, A, B, and C. The 
crystals were laths of average dimensions 6 • 2 • ~. On closer 
examination these were seen to consist of very thin parallel sheets, with 
excellent cleavage in planes parallel to the supporting film, i.e. normal 
to the electron beam. Individual sheets were found by shadow-casting 1 
to vary in thickness between about 20 and 250 ~. I t  will be shown 
later that  these sheets are possibly twin lamellae. 

The laths had well-defined edges along a direction later identified 
with the fibre axis of the X-ray rotation photograph, but no faces other 
than the one cleavage face could be distinguished. 

The crystals all gave substantially identical diffraction patterns, a 
typical example being shown in fig. 2a. I f  the cleavage plane normal to 
the beam is taken as (001), two unit-cell dimensions a and b, and the 
angle y, can be obtained directly from the pattern. The reciprocal 
lattice direction c* coincides with the electron beam, but the (Oa*b*) 
plane coincides with (00I) only if a and ~ are both 90 ~ Evidence wiI1 
be presented to show that  this is not the case, and that  the pattern is 
therefore a projection of the (Oa*b*) plane in the direction of the beam, 
the large number of reflections recorded being due to the fact that  the 
reciprocal lattice points are elongated parallel to the thin direction of 
the crystal. 

Measurement of the pattern showed that  all the reflections could be 
fitted geometrically on to a c-face centred monoelinic reciprocal lattice, 
and the resulting dimensions for the real and reciprocal cells are given 
in fig. 3a. The relative intensities depend on too many factors to con- 
firm or disprove monoclinie symmetry, but  the goniometry and optical 
data  strongly indicate anorthie symmetly. I t  therefore seemed prefer- 
able to express the results in terms of an anorthic unit ceil. These are 
given for the real and reciprocal cells in fig. 3b. 

1 R. E. Will iams and R. W. G. Wyekoff, Journ. Appl. Phys., 1944, vol. 15, p. 712. 
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The other three parameters,  c, a, and fl, were obtained from a com- 
parison of electron-diffraction and X-ray data.  The two longest X-ray 
spacings (21 and 10.3 ~.  ; table I])  have (h01) indices, but  are too large 
to correspond to any of the (bOO) re, fleetions, found using electron 
diffraction. They therefore have 0X)l) imlices, and were, assumed to be 
respectively (001) and (002), giving c* = 1/(20.6) ,~.-1 

a b 

":-" :~:": :~-: . . . .  ' " ::J : - - : i  .::- 
i 

?~:-: : ~-:" --~-~-;~ ~s ~ : . v - i  ~: 

' �9 " 

I ; �9 

�9 L 

, c '  t: T, 

. .  ' . - 

Fie. '2. Eleetron-diffrat.tion patterns given by single flakes in the electron micro- 
scope, a, okenite lying on (001); b, the same after heating ~*t 1000 ~ C. Fibre 

direction vertical in each c~e. 

The repeat  distance of 7-20 .~. along the fibre direction, found using 
X-rays, agrees with the value of b obtained with electron diffraction. 
The (Oa*b*) plane of tile reciprocal lattice therefore coincides with 
(00l) along the tibre direction (b), maldng a - :  90 ~ 

The third longest X-ray  spacing, of approximately 8.8 ~., also has 
(hOl) indices. I t  was assumed tha t  that  of 4--t2 _~. was its second older, 
giving a more precise value of 8"84 .~. This does not  agree with any of 
the apparent  (h00) spacings measttred by electron diffraction, but  is 
near enough to the apparent  (100) (monoclinic (200)) spacing of 9-09 :i. 
(fig. 3) to suggest tha t  the two are probably associated with the same 
elongated reciprocal lattice point. I f  this assumption is correct, the  
angle (90--fl*) which a* makes with (001) is equal to cos - l  (8.84/9.09), 
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or  a p p r o x i m a t e l y  13 ~ (fig. 4). fi is  t h e r e f o r e  a p p r o x i m a t e l y  ( 9 0 + 1 3 )  ~ 

o r  103% 

b ~ bW~ 

k ~30 330 0 030 

220 420 ! ~2( 02 120 

)llO I0 i I10 

--4 tO001 I00 200 

/18.17 --) ~,k-- 
A B 

- ,8.~ x. - ~ �9 

!~Io. 3. Interpretat ion of the  electron-diffraction pa t te rn  
of okcnite. A (left): observed reflections indexed on the  
(001) projection of a geometrically monoclinic c-face centred 
reciprocal lattice, with the  corresponding real pseudo-cell 
below. B (right): the  same reflections indexed on the  (001) 
projection of an  anorthic  reciprocal lattice, with the  corre- 

sponding real uni t  cell below. 

C ~ 

200 

-! 

I / 9 . 0 9  ,~: l  I 

FIG. 4. Determinat ion of the  approximate  value of pseudo- 
monoclinie (90--/3')  for okenite, by comparison of X-ray and 
electron-diffraction data.  Section of the  reciprocal lattice 
passing through the origin and normal  to b, showing how the 
apparent  a-axis of 9.09 A. derived from electron-diffraction 
da ta  m a y  be reconciled with the  value of 8.84 ~.  given by the  

X-ray data .  
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U~ it cell, t,wi~mi.tTg, and gonion~elric data. 

From the above considerations the monoclinic pseudo-cell was assumed 
provisionally to have the parame~rs  a 18"18, b 7"20, c 21.2 ,~., fl 103 ~ 
In  order to check that  these parameters were basically correct, and also 
to obtain a more accurate value offl, spacings were calculated and com- 
pared with the X-ray powder and fibre data. Several values of fl were 
tried, ~nd good ~greement between observed and calculated values, as 
regards both spacings and k-indices, was obtained for fl = 105 ~ (table II). 
The revised parameters for the monoclinic pseudo-cell were thus found 
to be I a 18.30, b 7.20, c 21-33 A., fl 105 ~ The corresponding anorthic 
uni t  cell has '~ a 9-84, b 7-20, c 2l '33 J~., a 90"0 ~ fl 103"9 ~ y 111"5 ~ 

]n the course of the electron-diffraction investigation, attempts were 
made to determine c directly by the method of Lane zones) These were 
unsuccessful, no division of the pattern into zones being observed, even 
though the specimen stage was tilted at angles up to 35 ~ from the normal 
position, and diffraction patterns recorded for many crystals with their 
fibre axes approximately parallel to the axis of tilt. This remarkable 
absence of zoning is accounted for if the crystals have repeated lamellar 
twinning across the cleavage i)lanc, so that  the continuous row of lattice 
points along c, needed for the production of Lauc zones, is not present. 
Twinning according to this law was found by Boggihl to be very common 
in larger crystals. The present results, including the appearance of the 
crystals in the electron microscope (pl. I), suggest that  repeated 
twinning of this type may occur in the fibrous material from Bombay 
on a very small scale in which individual twin lamellae are perhaps 
sometimes only a few unit  cells thick. This might be expected to have 
some influence on the X-ray pat tern;  in fact, Heller 4 observed minor 
variations in the patterns obtained from different fibres taken from this 
same specimen of okenite, and mentioned comt)lex twinning as one 

possible explanation. 
Calculation from the unit-cell data obtained in the present investiga- 

x This cell, having c > a, is not in the conventional orientation. Application of 
the transformation matrix 1001/010/100!! gives: a 21.33, b 7.20, c 18.30 ~., fl 105~ 
fibres parallel to b, cleavage (100). 

2 This cell is not in the conventional orientation. Application of the transforma- 
tion matrix LIl(|0/001/0101l gives: a 9.84, b 21-33, c 7-20 .~., a 90.0 ~ fl 111.5 ~ V 86"1~ ; 
fibres parallel to c, cleavage (010). 

a j .  F. Brown and I). Cl~rk, h)c. eit. 
4 L, Heller, Proe. Third Internat. Symposium Chemistry of Cement, London, 

1952; Cement and Concrete Association, London, 1954, p. 237. 
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tion and the chemical analysis and specific gravity (2.302) determined 
by Christie, gave the cell contents listed in table I I I .  They indicate the 
ideal formula 9[CaO.2SiO2.2H20 ] or CagSilsO63Ha6 per (anorthic) unit 
cell. 

Boggild obtained approximate goniometric data for very small single 
crystals from Disko Island and the Faeroe Isles. He described them as 
laths with cleavage (010) and length c. His results, obtained using a 

TABLB I I I .  C h e m i c a l  a n a l y s e s  a n d  u n i t - c e l l  c o n t e n t s  o f  o k e n i t e  a n d  n e k o i t e .  

1. 2. l a .  2a .  

SiO2 . . . . . . . . .  53 .88  56 .17  S i  . . .  16 .86 6 .21 

A I 2 0  a . . . . . . . . .  0 .08  - -  A1 . . .  0"04 - -  

F % 0  a . . . . . . . . .  0 ' 0 1  - -  F e  . . .  - -  - -  
C a O  . . . . . . . . .  27 .61 2 6 ' 1 0  Ca  . . .  9"00 3"09 

S r O  . . . . . . . . .  0 .27  - -  S r  . . .  0 ' 0 4  - -  

N a ~ O  . . . . . . . . .  0"12 - -  N a  . . .  0 .06  - -  
K 2 0  . . . . . . . . .  0"06 - -  K . . .  0 .02  - -  
I - I20 . . . . . . . . .  18 .02 16-83 H . . .  37 .8  12-4 

100 .05  99 .10  O . . .  6 1 ' 6  2 1 ' 7  

Sp .  g r  . . . . . . . . . .  2 .302  2 .206  

1. O k e n i t e ,  B o m b a y .  W .  A .  K .  C h r i s t i e  ( a n a l y s i s  no .  2). 
2.  N e k o i t e ,  C r e s t m o r e .  A .  S. E a k l e  ( a n a l y s t ,  W .  F .  F o s h a g ) .  
l a .  A t o m i c  c e l l - c o n t e n t s  c a l c u l a t e d  f r o m  a n a l y s i s  1 ( a n o r t h i c  cell) .  
2a .  A t o m i c  c e l l - c o n t e n t s  c a l c u l a t e d  f r o m  a n a l y s i s  2 ( a n o r t h i c  cel l) .  

two-circle goniometer, are given in table IV, which shows also that  each 
of the faces which he measured can be satisfactorily explained on the 
basis of the anorthie cell found in the present investigation. Boggild's 
choice of axes was not retained, because it obscures the relation between 

TABLE I V .  C o m p a r i s o n  o f  o b s e r v e d  a n d  c a l c u l a t e d  g o n i o m e t r i c  d a t a  f o r  o k e n i t e .  

I n d i c e s .  B o g g i l d .  C a l c u l a t e d .  

~ r ~ 

New 
B~ggild. (anorthic). r p. r p. 

(0]0) (001) 0 o 90 ~ 0 ~ 90 ~ 
(100)  (102)  5 6 ~ 2  ~ 90 ~ 58 ~ 90 + 
(hk0)  (100)  7 6 ( 6 8 - 8 2 )  ~ 90 ~ 75 + 90  + 

(001)  (011)  141=L5 ~ 33=L2 ~ 139 ~ 31 ~ 
(hkl) (111)  118 + 54  ~ 119 ~ 53 ~ 

(hkO)* (102)  39 ~ 90 ~ 41 ~ 90 ~ 
(010)?  (001)  0 ~ 90 ~ 0 ~ 90 + 

F o r  t h e  i n t e r a x i a l  a n g l e  fl i n  h i s  o r i e n t a t i o n  (7  i n  t h e  n e w  a n o r t h i c  o r i e n t a t i o n ) ,  

B o g g i l d  f o u n d  6 7 - 6 8  ~ ; w e  c a l c u l a t e  68.5  +. 

* C o m p o s i t i o n  p l a n e  o f  t w i n s  a b o u t  B o g g i l d ' s  c [001]  ( n e w  a n o r t h i c  b [010]) .  

C o m p o s i t i o n  p l a n e  o f  t w i n s  a c r o s s  B o g g i l d ' s  (010)  ( n e w  a n o r t h i c  (001)) .  
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the anorthic cell and the c-face centred monoclinic pseudo-cell. The 
agreement between the present results and Boggild's provides further 
evidence for the correctness of the proposed cell. I t  also affords further 
evidence for the ident i ty  of the Bombay specimen with the type material.  

Dehydration. 
Heller 's X-ray  studies showed tha t  okenite changes to orientated 

wollastonite and unorientated cristobalite a t  730 ~ or above, the b-axis of 
the wollastonite coinciding in direction and approximately in length 
with tha t  of the okenite from which i t  was formed. They did not show 
whether orientation was preserved in the sense of rotat ion around the 
b-axis, and in an a t tempt  to settle this point a portion of the present 
material  was heated to 1000 ~ and then examined in the electron micro- 
scope. The micrographs (pl. I, D) confirmed tha t  the product  consisted 
of pseudomorphs of the original material. The flakes had a slightly 
mott led appearance, and on close inspection some of them appeared to 
be broken into parallel fibres a few hundred _~ngstrhms wide, lying along 
the fibre direction. The corresponding diffraction pat terns  (fig. 2b) 
showed distinct  layer-lines perpendicular to the fibre direction, with a 
repeat  distance of 7.26/~. The even layer-lines consisted of relat ively 
sharp spots, but  the odd ones consisted of streaks. There was always 
some disorder in the direction of the fibre ~xis, which varied within each 
flake through a few degrees from the mean position. Flakes varied con- 
siderably in the degree of order as regards rotat ion around this axis. In  
some cases, the distr ibution of spots along the even layer-lines was 
irregular, indicating tha t  orientation around the fibre axis was probably 
random, but  others gave a pa t te rn  approaching tha t  characteristic of a 
single crystal. That  shown in fig. 2b is of the la t ter  type. The even layers 
fall on to a c-centred orthogonal net  having a = 15-28 A., b --  3"63 A., 
which together with the presence of weak and s t reaky intermediate 
layers agrees satisfactorily with wollastonite lying on (001). There was 
some indication of the presence of Laue zones related to the c-spacing, 
but  these were too indefinite for measurement. 

PART II .  NEKOITE, A NEW MINERAL. 

Eakle 1 described a mineral from Crestmore, California, which was 
characterized by  its chemical composition and optical properties as 
okenite. The specimen had been collected, 2 and some of the observations 

1 A. S. Eakle, Bull. Dept. Geol, Univ. California, 1917, vol. 10, no. 19, p. 327 
[M.A. 1-20]. 2 Private communication from W. F. Foshag, 20 July, 1952. 
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carried out by  Dr. W. F. Foshag, who kindly made available a portion 
of the original material  from the collection at  the U.S. National  Museum. 
I t  will be shown tha t  the specimen was not okenite, but  a new species, 
for which the name nekoite is suggested. 

The specimen (U.S.N.M. 95637) consisted of a few fine, slender needles, 
up to 1 mm. long and 50~ thick, and weighing in all about  0.1 mg. They 
were mixed with grains of calcite. This agrees with the original descrip- 
tion. 

Prel iminary optical examination suggested tha t  the needles showed 
parallel extinction, with very low birefringence, and mean refractive 
index 1"535. This agrees with the original description. On more detailed 
examination, however,  i t  was seen tha t  they  showed repeated twinning, 
being composed of lamellae about 10 t~ thick and lying parallel to the 
needle axis. A single lamella was detached and yielded the da ta  given 
in table I. I t  will be seen tha t  the apparent  parallel extinction is a 
proper ty  of the twinned aggregates and not of the individual crystals. 

X-ray examination. 

Oscillation and rotat ion photographs (fig. lb) were taken about  the 
needle or b-axis of a single lamella. Weissenberg photographs were also 
obtained for the (hOl), (hl/), (h2/), and (h3l) layers. The unit  cell 
was thus found to be anorthic, with 1 a 7"60, b 7"32, c 9-86 J~., a 111 ~ 48', 
fi 86 ~ 12', y 103 ~ 54' ; elongation b, cleavage (100). Pronounced pseudo- 
symmetry  was observed. In  oscillation photographs about b, the even 
layer-lines were relat ively strong and showed an equatorial  plane of 
symmetry,  but  the odd layer-lines were weak and showed no plane of 
symmetry.  The pseudo-cell obtained by  ignoring the odd layer-lines is 
thus monoclinic, and was found to be c-face centred with a 14"78, 
b 3"66, c 9-15 A., fi 91 ~ 30'. The relation between the true cell and the 
pseudo-cell is shown in fig. 5. I f  all three axes of the pseudo-cell are 
doubled, all the reflections can be indexed on monoclinic axes. 

Oscillation and Weissenberg photographs were also taken of the 
twinned aggregates about  the needle axis. They showed tha t  two 
orientations-were-present in  approximately  equal amounts. The even 
layer-lines in the oscillation photographs were identical with those given 
by  single crystals, but  addit ional reflections occurred in the odd layer- 
lines so tha t  these also showed an equatorial plane of symmetry.  In  the 

x This cell is not in the conventional orientation. Application of the trans- 
formation matrix H100/0Ol/01011 gives: a 7-60, b 9.86, c 7.32 ~., a l l l~  48', fi 103 ~ 54', 
~, 86 ~ 12'; fibres parallel to c, cleavage (100). 
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Wcissenberg photographs of the odd layers, the number of reflections 
along each line of constant 1 was doubled, causing an apparent doubling 
of a. Together with the optical evidence, this indicates that twinning 
occurs either by rotation about b, or else by reflection across the plane 
perpendicular to it. 

X-ray powder data, obtained using a 6-cm.-diameter camera, are 
given in table ]I. Resolution was not very high because of the small 

I f  z r  ~ 
T "',-/.,,.,. 6 r  / ,y :;p-.~L 

,1/"/,+,,' ldS," 
G M 

FIG. 5. Re la t ion  be tween  the  t rue  u n i t  cell of neko i t e  and  
the  pseudo-cell .  Ful l  l ines ou t l ine  four c-face cen t red  mono-  
clinic pseudo-cel ls  ; b roken  l ines comple te  the  ou t l ines  of  two  
anor th ic  un i t  cells. Full  circles deno te  t rue  la t t i ce  po in t s ;  
open circles denote  add i t i ona l  l a t t i ce  po in t s  pe r t a in ing  to  
the  pseudo-cel l .  Suffixes M and  m deno te  p a r a m e t e r s  of the  

monocl in ic  and  ano r th i c  ( tr icl inic)  cells respec t ive ly .  

amount of material available. The reflections were indexed by super- 
posing single-crystal and powder photographs taken on the same camera ; 
account was also taken of relatiw'~ intensities observed on the Weissen- 
berg photographs. Comparison of the observed and calculated spacings 
given in the table shows satisfactory agreement, thus affording con- 
firmatory evidence for the correctness of the proposed unit cell. 

Goniometric data and u~it-cell co~+tents. 

Eakle stated that the crystals which he examined, although too 
slender for accurate measurement, appeared to be long prisnls terminated 
by (lull domes, and he considered them to be probably orthorilombic. 

n 5381 (3 
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Approximate  goniometric measurements by W. F. Foshag 1 gave the 
results quoted in table V, which shows also tha t  each of the angles 
which he measured can be explained on the basis of the monoclinic, 
near orthorhombic, pseudo-cell of the present investigation. The number 
of different forms which must  be assumed to occur would be reduced if, 

TABLE V. Comparison of observed and calculated goniometrie data for nekoite. 

Prism axis: 

Cleavage face: 

Crystal system : 

Observed (Foshag). Calculated. 
.Not stated; assumed to b 

be c 
Not stated; assumed to (I00) 
be (010) 

Probably ortlmrhonlbic Monoclinie, fl 91 ~ 30' 
(ll0) /~ (li0) 33 ~ 40" (102) A (io2) 34 ~' 24" 
(010) /~ (011) 52 ~ (100) /~ (310)53 ~ 
(,)11) A (0il) 75 = 0' (310) A (510) 73 ~ 12' 

as appears probable, the crystals examined by  Foshag were twinned, 
but  the da ta  which he obtained are inadequate to settle this point. The 
matr ix  of the transformation from Foshag's  axes to the mouoclinic axes 
of the present investigation is i01"2/001/200!!. 

Calculation from the unit-cell dimensions found in the present in- 
vestigation and Eakle's chemical analysis and specific gravi ty  (2.206) 
yields the atomic cell-contents given in table I I I .  They indicate tha t  
the ideal contents of the anorthic unit  cell are 3[CaO.2SiOv2tI20], or 
Ca3SisO21H12. 

Not enough material  was available for a further analysis to be made 
in the present investigation, but  as a quali tative and roughly quanti ta-  
tive check on the composition, a crystal of which the identi ty had been 
established by X-rays was heated to 900 ~" C., and X-ray  oscillation and 
rotat ion photographs then taken about  the needle axis. These showed 
tha t  the only crystalline dehydrat ion product was a slightly disordered 
single crystal of wollastonite (or parawollastonite), with its b-axis 
parallel to the needle direction. This result indicates tha t  the original 
crystal was a hydrated calcium silicate of fairly acid composition, in 
accordance with the analytical  result. 

PA~T I I I .  DISCUSSION. 

The da ta  presented in the first part  of this paper show tha t  okenite 
may be characterized by  its chemical composition, optical properties, 
goniometric da ta  and habit ,  X-ray  powder data,  aml unit-cell dimen- 

]n A. S. Eakle, lee. eit. 
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sions. There is adequate evidence that  the data given for each of these 
relate to material substantially the same as that  occurring at the type 
locality (Disko). 

The results given in the second part  show that  the crystals from Crest- 
more that  were examined were not okenite. The chemical compositions 
are the same, but significant differences exist in optica] properties 
(table I), X-ray powder data (table II), X-ray rotation photographs 
about the fibre axis (fig. 1), and unit-cell dimensions (table I). Further 
evidence, independent of the present study, is provided by the fact that  
Foshag's goniometrie data for the Crestmore material are quite unlike 
those obtained by Boggild for okenite. In  contrast, Foshag's data can 
be satisfactorily correlated with the present X-ray results for the Crest- 
more specimen. This provides additional evidence that  the crystals from 
Crestmore that  were examined in the present investigation were the 
same as those originally described, and makes it appear unlikely that  
any change had taken place in the material between the original examina- 
tion and the present one. 

The data obtained for the Crestmore specimen were compared with 
those of all the other known hydrated calcium silicates, both natural and 
artificial. They did not agree with any of them, except in the occurrence 
of a strongly fibrous habit with a repeat distance of about 7"3 A. along 
the fibre axis. This is common to a number of anhydrous and hydrated 
calcium silicates, including the ones already mentioned. 

Although the Crestmore material is not okenite, it shows certain 
similarities which are sufficiently close for the original characterization 
to be easily understood. Apart from the identical chemical compositions, 
the optical properties are relatively similar. The unit-cell dimensions, 
habits, and cell contents are also related; this is shown in table I. The 
cell of okenite is three times as large as that  of the Crestmore mineral. 

The crystal structures of the two minerals have yet to be determined. 
They are evidently fairly closely related to each other, and the behaviour 
on dehydration shows that  they are also related to wollastonite. The 
electron-diffraction results on the dehydration of okenite show that  there 
is a marked tendency towards an ordered transformation, in which the 
okenite b-direction becomes the wollastonite b-direction and the okenite 
(001) plane becomes, at least approximately, the wollastonite (001). 
The b-axis of okenite (7.20 X.) is very near to that  of wollastonite 
(7.27 _~.)i the okenite c (21.33 ~.) is ahnost exactly three times the 
wollastonite c (7.03 A_.), and the okenite a (9.84 _~.) somewhat greater 

i B. E. Warren and J. Biscoe, Zeits. Krist., 1931, vol. 80 :p. 391 [M.A. 5-186], 
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than the wollastonite a (7-88 ~.). The unit  cell of okenite contains the 
same number of silicon atoms (18) as three unit cells of wollastonite. 
These facts suggest tha t  dehydrat ion may  occur by a process involving 
migration of calcium ions similar to tha t  proposed in the case of 
afwillite, 1 each cell of wollastonite being formed in the present case from 
one-third of a cell of okenite. 

The X-ray  evidence on the dehydrat ion of the Crestmore material  
showed that ,  as with okenite, the b-direction was unchanged on con- 
version into wollastonite. I t  also showed tha t  the product  was a single 
crystal and not  an aggregate with random orientation around b, but  did 
not allow the orientation to be determined relative to tha t  of the initial 
material.  I t  appears likely, by  analogy with the case of okenite, t ha t  
the (100) plane of the original material  becomes the wollastonite (001), 
and tha t  one unit  cell of wollastonite, containing six silicon atoms, is 
formed from one of the initial material. 

I t  follows from the foregoing tha t  the Crestmore material  must  be 
regarded as a new species. Because of the likeness to okenite, the 
anagram nekoite is suggested. 
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PLATE I. A. Electron micrograph of okenite. Positive pr int  ; specimen shadow- 
cast  with A u - P d  alloy so t ha t  the  length of the  shadow is four t imes the  thickness 
of the  projecting material. B. Enlargement  from A, showing several leaves each about  
20 J~. thick. C. Enlargement  from A, showing a sheet about  200 A. thick with several 
flakes about  20 ~.  thick lying on top of it. D. Electron micrograph of okenite after 
heating a t  1000 ~ C., showing the  minute ly  fibrous character of the  flakes. 

1 H. F. W. Taylor, Acta Cryst., 1955, vol. 8, p. 440. 
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