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as g iven  b y  P i k e  (1959), eq.  (16). I f  t h e  a b s o r p t i o n  is 
i nc luded ,  t h e  a n g u l a r  f a c t o r  is g iven  b y  

1/J(O)--(1 + c o s  e 20)/(sin ~ 0 cos 0) (3) 

as in L a d e l l  (1961), eq.  (43), a n d  Lade l l ,  P a r r i s h  & T a y l o r  
(1957, 1959). 

T h e  m e t h o d s  of P i k e  (1959) c an  be  eas i ly  e x t e n d e d  to  
t a k e  i n t o  a c c o u n t  t h e  effect  of a b s o r p t i o n  (in a d d i t i o n  
to  t h e  L o r e n t z ,  p o l a r i z a t i o n  a n d  o t h e r  fac tors)  b y  sub-  
s t i t u t i n g  (3) for  B(20) in his  eq.  (38). One  o b t a i n s  

( V - V o ) u = - ~ t a n a  O 3 - 4 c o t  e 0 - 1 6  cos 20 c°s  e 0 
i ¥ c ~  

(4) 

(where  t h e  s u b s c r i p t  'U '  ha s  b e e n  u s e d  to  i n d i c a t e  t h a t  
t h e  a n g u l a r  c o r r e c t i o n  t e r m  n o w  also a c c o u n t s  for  absorp-  
t ion) .  

T h e  c o r r e c t i o n  t e r m  g iven  b y  (4) c a n  be  c o m p a r e d  
w i t h  t h a t  r e p o r t e d  b y  Lade l l ,  Mack ,  P a r r i s h  & T a y l o r  

(1959) b y  ca l cu l a t i ng  t h e  s p e c t r a l  va r i ance ,  I 7, a n d  m e a n  

w a v e l e n g t h ,  ;~, on  t he i r  spec t r a l  m o d e l  a n d  s u b s t i t u t i n g  
these  q u a n t i t i e s  in  (4). 

T a b l e  1. Comparison of correction terms 

ADnUALPU and (V--Vo)U for 
Cu Ka radiat ion:  ] =  1538.745 X.U.  

~=3 84957 
20 (~--~0)U (~D+ALPU) 
120 --0.0016 ° --0.0015 ° 
130 -- 0-0032 -- 0.0033 
140 --0.0065 --0-0066 
150 -- 0.0157 -- 0.0164 
155 --0-0272 --0.0279 
160 -- 0.0530 -- 0-0554 
162.5 --0.0789 --0.0821 
165 -- 0-1252 -- 0.1336 

T a b l e  2. Comparison of correction tern~s 

Z~D-~Z~Lp U and (V--V0)u for 
Cr K a  radiat ion : ~ = 2286.450 X.U.  

I7_-- 4.55732 

20 (~--~0)U (~D+ALPU) 
120 ° --0.0008 ° --0.0008 ° 
130 --0.0017 --0-0019 
140 -- 0.0035 --0"0033 
150 --0"0084 -- 0.0088 
155 --0.0146 --0.0150 
160 --0.0284 --0.0289 
162.5 -- 0-0423 -- 0-0433 
165 -- 0.0671 -- 0.0704 

T h e  c o r r e c t i o n  t e r m  g iven  b y  (4) was  c a l c u l a t e d  for  
Cu a n d  CrKa r a d i a t i o n  a n d  is c o m p a r e d  w i t h  t h e  
e q u i v a l e n t  co r r ec t i on  t e r m  AD +zJLp (Ladel l ,  Mack ,  P a r -  
r ish & Tay lo r ,  1959, F igs .  1, 2). T h e  resu l t s  a re  g iven  
in T a b l e s  1 a n d  2. T h e s e  resu l t s  i n d i c a t e  t h a t  t h e  ap-  
p r o x i m a t i o n s  w h i c h  l ead  to  t h e  c h a r a c t e r i z a t i o n  of t h e  
c o r r e c t i o n  in t e r m s  of t h e  v a r i a n c e  a n d  m e a n  w a v e l e n g t h  
are  r e a s o n a b l e  a n d  t h a t  t h e r e  is n o  s ign i f i can t  d i f fe rence  
b e t w e e n  t h e  n u m e r i c a l  a p p r o a c h  of Lade l l ,  Mack ,  P a r r i s h  
& T a y l o r  (1959) a n d  t h a t  of P ike .  

References 

LADELL, J . ,  PARRISH, W.  & TAYLOR, J .  (1957). Ph i l i p s  
L a b o r a t o r i e s  T e c h n i c a l  R e p o r t  No .  122, p r i v a t e l y  com-  
m u n i c a t e d .  

LADELL, J . ,  PARRISH, W.  & TAYLOR, J .  (1959). Acta 
Cryst. 12, 253. 

LADELL, J . ,  MACK, M., PARRISH, W.  & TAYLOR, J .  (1959). 
Acta Cryst. 12, 567. 

LADELL, J .  (1961). Acta Cryst. 14, 47. 
PIKE, E.  R .  (1959). Acta Cryst. 12, 87. 
WILSON, A. J .  C. (1958). Prec. Phys. Soc. 72,  924. 

Acta Cryst. (1961). 14,  54 

The  choice of axes  in the  a m p h i b o l e s .  B y  E.  J .  W.  WHITTAKER, Ferodo Ltd., Chapel-en-le-Frith, Stock. 
port, England, a n d  J .  ZUSS~tAN, Geology Department, The University, Manchester, England 

(Received 2 May 1960) 

One  of  u s  (Zus sman ,  1959) h a s  p r e v i o u s l y  p o i n t e d  o u t  
s o m e  of t h e  c o n f u s i o n  w h i c h  ha s  a r i sen  in t h e  l i t e r a t u r e  
of t h e  a m p h i b o l e s  as a r e su l t  of t h e  poss ib i l i t y  of descr ib-  
ing  t h e  B r a v a i s  l a t t i ce  b y  t w o  d i f f e r en t  cells w h i c h  h a v e  
c losely  s imi la r  ax ia l  p a r a m e t e r s .  As a r e su l t  of th i s  s o m e  
ear l ier  c o m p a r i s o n s  of t h e  un i t - ce l l  p ~ r a m e t e r ~  of dif- 
f e r e n t  a m p h i b o l e s  are  i n v a l i d a t e d  b y  t h e  f ac t  t h a t  t h e  
p a r a m e t e r s  in  q u e s t i o n  refer  to  d i f f e r en t  u n i t  cells. I t  
has  s ince  c o m e  to  ou r  n o t i c e  t h a t  t h e r e  are  o t h e r  sources  
of c o n f u s i o n  in  t h e  l i t e r a t u r e  w h i c h  are  r e l a t e d  to  th i s  
m a t t e r ,  a n d  i t  is t h e  p u r p o s e  of t h e  p r e s e n t  n o t e  to  
d iscuss  t he se  for  t h e  b e n e f i t  of f u t u r e  work .  

1. Space group 

T h e  t w o  c o n v e n t i o n a l  choices  of axes  c o r r e s p o n d  to  
d e s c r i p t i o n s  of t h e  space  g r o u p  in t h e  s e t t i ngs  C2/m a n d  
I2/m, a n d  t h e  m o s t  c o n v e n i e n t  w a y  of spec i fy ing  w h i c h  

choice  of u n i t  cell is be ing  u s e d  on  a n y  occas ion  is t o  
d e n o t e  i t  as e i t he r  t h e  C-cell or  t h e / - c e l l .  A l t h o u g h  C2/m 
is t h e  s t a n d a r d  s e t t i n g  for  th i s  space  g r o u p ,  m o s t  p a p e r s  
on  a m p h i b o l e  s t r u c t u r e  h a v e  u sed  t h e  / - ce l l  b e c a u s e  i t  
b e s t  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  to  t h e  p y r o x e n e  s t r u c t u r e  
when the latter is referred (as it usually is) to a C.cell. 
T h e  f i rs t  p u b l i s h e d  s t r u c t u r e  of an  a m p h i b o l e ,  t h a t  of 
t r e m o l i t e  (War ren ,  1930), was  r e f e r r ed  to  t h e  / -ce l l ,  
b u t  was  p u b l i s h e d  be fo re  t h e  i n t r o d u c t i o n  of t h e  H e r -  
m a n n - M a u g u i n  s y m b o l s ,  a n d  t h e  space  g r o u p  was  the re -  
fore  g i v e n  in t h e  W y c k o f f  n o t a t i o n  2Ci-3, a n d  l a t e r  
c o m m e n t a t o r s  t r a n s l a t e d  th i s  in to  t h e  s t a n d a r d  f o r m  
C2/m w i t h o u t  n o t i c i n g  t h a t  th i s  w o u l d  i n v o l v e  a c h a n g e  
in t h e  un i t - ce l l  p a r a m e t e r s  (e.g. B r a g g ,  1937). T h u s  t h e  
p a r a m e t e r s  of t h e / - c e l l  h a v e  a p p e a r e d  in t h e  l i t e r a t u r e  
in c o n j u n c t i o n  w i t h  a s t a t e m e n t  t h a t  t h e  space  g r o u p  
is C2/m. 
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2.  T h e  a n g l e  fl a n d  t h e  s e n s e  o f  t h e  z - a x i s  

Ear ly  morphological  workers  used the mineralogical  con- 
vent ion  wi th  an acute  angle f l= (100)A (001). War ren  
(1930) kept  fi acute  bu t  defined it as XOZ,  and this 
con t ravent ion  of cur ren t ly  accepted crystal lographic 
usage was pe rpe tua ted  by  Whi t t ake r  (1949), describing 
crocidolite, and by Heri tsch,  Paul i t sch  & Walitzi  (1957), 
describing hornblendes,  in order  to facil i tate direct  com- 
parison wi th  War ren ' s  work.  In  Structure Reports (1949) 
the  fl angle for crocidolite was conver ted  to the conven- 
t ional  obtuse value, bu t  no al lowance was made  for the 
fact  t ha t  this involved a change in the sense of the z-axis, 
so t ha t  the a tomic z-coordinates should have  been 
appropr ia te ly  modified.  Similarly, Zussman (1955), 
Heri tsch,  Bertoldi  & Wali tzi  (1959), Her i t sch  & Kah le r  
(1959) and  Her i t sch  & Reicher t  (1959) all use t h e / - c e l l  
wi th  fl obtuse, and  therefore should have  reversed the 
signs of their  z-coordinates,  which were measured  in the 
same sense as those given by War ren  and by Whi t t ake r .  

Thus the  z paramete rs  of all a toms mus t  have  opposite 
signs in t h e / - d e s c r i p t i o n  and  in the  C-description.* 

(2) Tha t  in compar ing two s t ructures  where  no change 
of cell is involved, h u t  where  the older descript ion 
has fl acute,  the signs of z paramete rs  should be 
reversed.* 

As be tween the C-cell and t h e / - c e l l ,  however,  no very  
definite grounds for choice exist. The C-setting was used 
earlier (e.g. Nordenskiold,  1855), and the / - se t t ing  was 
in t roduced by  Tschermak  (1884). The existence of alter- 
na t ive  settings, and  their  inter-relat ionship,  has been 
no ted  in m a n y  mineralogical  texts,  e.g. Hintze ,  1897. 
The C-cell usual ly  has the  smaller a-axis and  smaller 
obtuse fl, and  thus  satisfies Donnay ' s  rule 4 (Donnay & 
Nowacki ,  1954), bu t  in rare cases the  converse m a y  be 
true,  and the differences are small. On the  other  hand  the 
/-cel l  brings out  the  morphological  and s t ruc tura l  rela- 
t ionships to the  pyroxenes  when  these are described in 
the  convent ional  C-setting, and it also leads to much  less 
variable values of a (Whit taker ,  1960). The choice adopted  
is less impor t an t  t han  ensuring t ha t  it  is qui te  clear 
which convent ion  is being used, or has been used in any  
quoted data .  

One of us (E. J .  W.  W.) wishes to t h a n k  the  Directors 
of Ferodo Ltd .  for permission to publish this communica-  
tion. 

Fig. 1. Projection on (010) of clino-amphibole lattice showing 
the alternative C- and/ -cent red  unit cells. 

I t  is to be no ted  t ha t  this in ternal  inconsistency occurs 
only in work  which has been done or repor ted  h i ther to  
using the  convent ional  / -cel l  wi th  fl obtuse. The C-cell 
wi th  fl obtuse has its z-axis in the  same direct ion as the  
/ -cel l  wi th  fl acute,  so tha t  there  is no discrepancy from 
this source in the  work  of Heri tsch,  Paul i t sch  & Wali tzi  
(1957) who used both  of these direct ly  comparable  con- 
ventions.  Nevertheless  we consider t ha t  the  cont inued  
use of an  acute  fl-angle is likely to lead to increasing mis- 
unders t and ing  and  confusion for future  workers.  For  the  
future,  therefore,  it is r ecommended  tha t  f l ( = X O Z )  
shall always be made  obtuse. This means :  

(1) Tha t  the t ransformat ion  relat ing the I-cel l  and the 
C-cell is as shown in Fig. 1, and is given by  the ma t r ix  

C 

1 0 1  
I in terms of C I 0 1 0 

0 0 T  
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* In order to maintain a right-handed set of axes, the signs 
of y parameters should also be reversed; since (010) is a plane 
of symmetry this change is purely formal, and does not make 
any real difference to the description of the structure. 


