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The  de ' separa t ion '  in i n t e r m e d i a t e  plagioclase var ies  w i t h  compos i t ion  as t h e  rec iprocal  of t h e  
ave rage  r u n  l e n g t h  of t he  m a j o r  c o n s t i t u e n t  in a t w o - e l e m e n t  r a n d o m  r u n  sequence  con ta in ing  
N a  A 's  and  Nfl B's,  where  a is t he  p r o p o r t i o n  of t e t r a h e d r a l  si tes occup ied  b y  A1. The  case corre-  
sponds  to v i r t u a l l y  comple t e  sho r t - r ange  d isorder  in a t  least  one d i rec t ion .  

Empir ica l  relat ions between ~a, Ob and & 

The subsidiary reflections of intermediate plagioclase 
are the subject of a careful, thorough study by 
Gay (1956), who has shown that the displacement 
of subsidiary from principal layer lines is virtually 
a linear function of composition in the range 
20 < An < 75. Following terminology already estab- 
lished, Gay designates the 'separation' of a subsidiary 
layer line from the next underlying principal layer 
line along a crystallographic axis by da, do or de, 
depending upon the axis in question. He records the 
average 'separations' in degrees of reciprocal space, 
and an examination of his tables and graphs indicates 
that  the interrelationship of these distances is both 
close and simple. 

In 19 specimens Gay was able to measure both 
da and db, in 23 he obtained both d~ and de, and for 
21 he records both & and &. He concludes that  
' . . .  da and db are linearly dependent on d~', but gives 
no reason for choosing d~ as independent. In any case, 
the linear correlation between all three pairs of 
subsidiaries is extraordinarily high. 

The purpose of this note is to point out that  the 
variation of the spacing of de--the best resolved or 
most frequently observed of the subsidiaries--is about 
what would be expected if it were controlled by the 
average run lengths of A1 and Si at complete short- 
range disorder. 

I t  is at first sight rather puzzling to find that  one 
of these closely correlated subsidiaries follows such a 
rule while the other two do not. In some experimental 
work stimulated by Gay's data I have found that 
subsidiary reflections do indeed occur in diffraction 
patterns of masks representing disordered or short- 
range-ordered distributions of stacking faults in 
layered structures, and that  the locations of the sub- 
sidiaries differ greatly in the two cases (Abelson, 1957). 
These masks are not adequate models of the A1-Si 
situation in feldspar, but it may be pointed out that  
in the run model the existence of a certain level or 
type of ordering in one direction imposes no restric- 
tions on (and conveys no information about) ordering 
in any other direction. There is no reason for all three 

subsidiaries to behave similarly unless ordering is the 
same along the three principal directions. 

The run m o d e l  of shor t -range  disorder  

Suppose that  the points of an ordered point lattice 
are to be populated with A's and B's, the number of 
points being N, of A's Na,  and of B's Nil, ~ < fl =- 
1 - a .  The distribution is to be random in the sense 
that  the probability of any site being taken by an 
A is a, and, similarly, Pr (B) = ft. Defining a 'run' as 
a sequence of like items bounded at each end by an 
unlike item, information about the distribution of A's 
and B's on the lattice may be summarized in terms 
of the number of runs, the distribution of run lengths 
in A and B, and the average run lengths in A and in B.* 
It  is these averages which can be used to predict the 
dc separations. 

Average run length at disorder  

Since N is always very large we can take advantage 
of some simple large-sample approximations. 

For N sufficiently large, the probability of a run 
of length i in A is (Hald, 1952, pp. 343-4) 

Pr (r~i) -~ fla i-1 • (1) 

The expected number (dai) of such runs is 

E(d,~i) ~- Nfl2~ i , (2) 

* Readers acquainted only with discussions of short-range 
ordering based on ' interpenetrat ing lattices' may  like to know 
tha t  the number  of runs is the same as the number  of 'right 
pairs' of the more usual formulation, tha t  every run of length 
i contains (i--1) 'wrong pairs', so that ,  if fa(i) is the frequency 
of runs of length i in A, the number  of wrong pairs in A is 
~,(i--1)fa(i), and similarly for B. Proceeding in this fashion 
one finds tha t  at complete disorder there are N a  2 wrong pairs 
in A, Nfl 2 wrong pairs in B, and 2Nail right pairs. At perfect 
short-range order, defined, as usual, by the absence of wrong 
pairs in A, there are N(1 - -2a )  wrong pairs in B and 2Na 
right pairs. The order parameter  most similar to tha t  used in 
the model based upon interpenetrating sublattices is the 
proportion of runs of A which are of length l, a quant i ty  
which varies from fl at complete disorder to 1 at perfect short- 
range order. In the run model there is no a priori relation 
between long- and short-range ordering. 
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a n d  the  expec ted  n u m b e r  of runs  of all  lengths  in 
A is 

E(da)  ~ Nt5 ~" .~, ~i ,~ Nf la  . (3) 
1 

Since Nc~ A ' s  are to  be d i s t r ibu ted  among  an  ex- 
pec ted  n u m b e r  N/Sc~ of runs,  t he  average  or expec ted  
run  l eng th  in A will be 1~ft. F r o m  s y m m e t r y  we also 
have  1/c~ as the  expec ted  run  l eng th  in B. 

~, fl and ~ ' fo r  A1 a n d  Si  i n  disordered plagioclase 
I n  pure  a lb i te  one- four th  and  in pure  a n o r t h i t e  one- 
hal f  of t he  t e t r a h e d r a l  sites are t a k e n  by  A1. Le t t i ng  
A1 = A and  Si = B of the  preceding  sect ion,  and  
des ignat ing  the  composi t ion  or a n y  plagioelase by  the  
mol  f rac t ion  An  ca lcu la ted  f rom its analysis ,  we have  
t h a t  

-- ( A n / 2 ) + ( 1 - A n ) / 4  = ( A n + l ) / 4 .  

Accordingly ,  E(/-B) = ~-1 = 4 / ( A n +  1) a t  comple te  
disorder.  

Gay  records ~ in degrees of rec iprocal  space, bu t  
as runs,  r u n  lengths ,  etc., are more  read i ly  t h o u g h t  of 
in  direct  space, we conver t  by  f inding 360(~j 1 for each 

specimen.  The  resul ts  compare  wi th  E(/-si ) ca lcula ted  

3"5 

• A..;,~'B 
, J  

3"C . ~ /  .. 

~,~ ,, . 

II _ / / /~ 

2"5 

2"0 / ~  " 

/ / . ~ .  
/ . / /  • 

/ /  
I I 

2"0 2"5 3"0 3"5 
x=E(~) 

Fig. 1. ~c separations as a function of Si run length. X---- 
E(isi)---- a -1, Y---- 360~c z. (Line A: Y---- X; line B: line 

of best fit ealeulatod from Table 1, Y = 1.052X-0.222.) 

differs s igni f icant ly  f rom its expec ted  value.  Consider-  
ing the  d i f f icu l ty  of mak ing  measu remen t s  of th i s  sort ,  
the  ever  p resen t  unce r t a in t i e s  abou t  analysis ,  and  t he  
poss ib i l i ty  t h a t  some of the  discrepancies  are real ,  
t he  f i t  is on the  whole excellent .  To a r e m a r k a b l e  
ex t en t  t he  ' r epea t  d i s tance '  ca lcula ted  f rom the  ~c 
spacing behaves  as if i t  were governed  by  the  same 
rules which  de t e rmine  average  run  lengths  in a r un  
sequence charac te r ized  by  shor t - range  disorder.  

Table  1. Gay's data (An, ~c), c~, E(/-si) and  360 ~71 
for intermediate plagioclase 

An ~c ~ E(isi)----a -1 3606~ ~ 

73 165 0.4325 2.312 2.182 
70 163 0.4250 2.353 2.209 
67 157 0.4175 2.395 2.278 
64 159 0.4100 2.439 2.264 
60 146 0.4000 2.500 2.466 
58 151 0.3950 2.532 2.384 
56 141 0.3900 2-564 2.553 
55 148 0.3875 2.581 2.433 
53 145 0.3825 2-614 2.483 
53 145 0.3825 2.614 2.483 
51 138 0.3775 2-649 2.609 
50 141 0.3750 2.667 2-553 
50 139 0.3750 2.667 2.590 
47 132 0.3675 2.721 2.727 
46 132 0.3650 2-740 2.727 
45 136 0.3625 2.759 2-647 
45 136 0.3625 2.759 2.647 
41 132 0.3525 2.837 2.727 
40 125 0.3500 2-857 2.880 
38 128 0.3450 2.898 2-812 
38 125 0.3450 2.898 2-880 
37 12I 0.3425 2.920 2.975 
35 128 0.3375 2.963 2.812 
32 113 0-3300 3-030 3.186 
30 118 0"3250 3.077 3.051 
30 120 0.3250 3.077 3.000 
23 121 0.3075 3.252 2.975 
22 120 0.3050 3.279 3.000 
17 100 0.2925 3-419 3.600 

In  mos t  cases the  observed  repea t  d i s tance  is a 
l i t t le  less t h a n  the  average  r u n  length .  The  average  
d i sc repancy  could be e l imina ted  by  suppos ing  t h a t  
the  a r rays  are in fac t  no t  comple te ly  disordered.  I n  
the  region for which da t a  are ava i lab le  the  requ i red  
shor ten ing  of the  expec ted  repea t  d is tance  would  be 
p roduced  by  an increase in the  number s  of runs  and,  
accordingly ,  in the  number s  of r igh t  pairs,  of some 
6 %  over  t h a t  character is t ic  of comple te  disorder.  

f rom the  analyses  as shown in Table  1 and  Fig. 1. 

I f  the  quan t i t i e s  360 ~-1 and  E(i~)  were es t ima t ing  
the  same pa rame te r ,  the  l ine of best f i t  would  be 
charac ter ized  by  an  in te rcep t  no t  differing s igni f icant ly  
f rom zero and  a slope no t  differing s igni f icant ly  f rom 
un i ty .  The  equa t ion  ca lcula ted  f rom the  da t a  is 

Y - - 1 . 0 5 2 X - 0 . 2 2 2 ,  and  in fac t  ne i the r  cons t an t  
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