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CALCULAIIED POWDER PA'TTERNS: I '  FIVE PLAGIO-

CI,ASES

I. Y. Bonc exo D. K. Srlrrn, Lawrence Rad,iation Laboratory

IJ niver sily of C alif ornia, Liaer mor e, C alif ornia'

Arsmecr

As an aid in indexing complex plagioclase X-ray powder patterns' integrated (lrNr)

and peak (1p) intensities are calculated for five plagioclases flow and high albite (Ano),

oligoclase (An2e), bytownite (Anso) and anorthite (Anroo)I. Lorentz-polarization, absorp-

tion and multiplicity corrections appropriate to powder mounts are applied to temperature-

corrected I f l, *tti.h are calculated from single-crystal structure analyses. Graphical ex-

pression of Ip as a function of 20 results in plots which are very similar to the comparable

experimental X-ray difiraction traces.

Pnn.a.lrnr.n

X-ray diffraction data are indispensable in modern studies of the

plagioclase feldspars. Extensive studies relating lattice parameters to

composition and conditions of crystallization have Iaid the basis for ad-

vanced studies on the relation of feldspars to other minerals. Many

studies involve the use of x-ray powder patterns and require the reduc-

tion of complex patterns to yield the unit-cell dimensions. The assign-

ment of Miller indices, hkl, to the observed diffraction maxima to obtain

data for a least-squares refinement is a usual step in the data reduction

process. The low symmetry of the plagioclases, their pseudo-symmetry

(low obliquity), and rather Iarge unit cells result in powder patterns of

closely spaced and overlapped maxima. Because of rapid changes in cell

constants with composition, as well as small changes in intensity related

to composition, atomic distribution (disorder) and atomic coordinates,

reliable and general guides to correct indexing, are precluded. For ex-

ample, separating the approximately 120 reflections with intensities

greater Lhan 2 in the first 65" , 20 range of anorthite is virtually impossible

with only approximate cell dimensions and the spacings calculated from

them. Intensity data are necessary to identify the reflections that con-

tribute to each obsetved maximum. Such intensity data may be ob-

tained from careful study of a series of powder patterns over the whole

compositional and disorder range; however, some question usually re-

mains as to the correct identity of some lines.

A better guide to relative hkl intensities is structure factors conven-

tionally tabulated in descriptions of single-crystal structure analyses.

For complex structures like the feldspars these tables are generally too

numerous for publication, and are only available upon specific request to

the investigators. Even when such tables are in hand, for the purpose of

comparison with powder data, they must be interpreted in terms of the
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absorption, Lorentz-polarization, and multiplicity corrections applicable
to powder samples. Therefore, in order to put the data from structure
analyses in a more convenient form for use with powder patterns, sets of
X-ray intensities have been calculated for five plagioclases.

SouncB on D,cr.a loR CALCULATToNS

The five plagioclases for which powder patterns have been calculated
include low and high albite, An6 (Ribbe, Megaw, and Taylor, 1968);
oligoclase, Anzs (Colvil le and Ribbe, 1966); bytownite ,,body-centered

anorthite," Ans6 (Fleet, Chandrasekhar, and Megaw, 1966); and anor-
thite, An10s (Kempster, Megaw, and Radoslovich, 1961). Results of calcu-
lations for transitional anorthite, Anee (Ribbe and Megaw , 1963) are
not tabulated because of their similarity to those of anorthite; however,
a calculated pattern is displayed for comparison. The chief difierence in
the two structures lies in the presence of sharp, very weak ,,d,,, reflec-
tions, and sharp, medium strong "c" reflections in anorthite. A resum6
of pertinent parameters is given in Table 1. Minor K, Na, and Ca were
generally ignored in the structural refinements and, as a consequence, the
albites and anorthite were treated as pure NaAlSiaOa and CaAlzSizOa,
respectively, in results of calculations presented here. A random dis-
tribution was assumed on the Na/Ca sites for oligoclase and bytownite.
All data were derived from three-dimensional structure analyses.

Cercur,arrons

The calculated intensities and spacings tabulated in Tables 2-7 were
calculated from Smith's (1967, 1968) program for calculating powder
diffraction patterns. Required input data include unit-cell dimensions,
space group, atomic coordinates including site occupancy, temperature
factors, and atomic scattering factors. If absorption corrections appro-
priate to the shape of the shape (in this case a cylinder or flat plate) are
to be applied, Iinear absorption coefficients or density, atomic weights,
and mass absorption coefficients are also needed. After a temperature-
corrected lFl, is calculated, multiplicity, Lorentz-polarization correc-
tions, and absorption factors are applied to give an integrated intensity
for each hkl, reflection permitted by the space group.

The decision to calculate structure factors rather than use published
values of I F.6" I or I F".1" I is in consideration of the voluminous amount
of input and attendant errors that are thereby eliminated. Agreement
between I F""r" I generated by the program and I F",r" I published by the
original researchers is a convenient check on the accuracy of the input
used to generate the calculated powder intensities.

The calculated integrated intensity (/rxr) is directly proportional to the total energy
per unit time for each difiraction event, and is independent of instrumental errors and



CA LCU LATED PLAGIOCLAS E PATTERNS

TeslE, 1. Dnscnpttox ol Pla.ctoclasns

tTl l

Variety
Composition

Low Albite High Albite Oligoclase
Abgs sAno s- Absz zAno z- AbosAnzs-

Orro Orre Orz

Bytownite Anorthite
-AbzoAnao -AboAnroo

Amelia, Va.
Ramona, (Inverted

Calif. from low
form)

Mitchell Co.,
N.  C.

. Monte
5t. LOUIS

)omma,
uo., rvrrnn, 

Italy

@ (A)  8 .  138
b  t 2 . 7 8 9
c  7 . 1 5 6
o (deg) 94.33"
B 116.57"
.y 87 .65"

Space group CT
Site occupancy (/p Si)

R
Reference

0.068
Ribbe e, ol.
(1968)
Ferguson
et ol. (1958)

8.  149
12 .880
7 .106

93.37"
1 16.30"
90.28"
CI

72"

72

, / J

/ J

l 6

78

75

/ J

0 .082
Ribbe et al.
(1e68)
Ferguson
et d. (1958)

8 . 1 6 9
1 2 . 8 5 1
7 .r24

93 .63"
1t6 .40"
89.46"
C1

3.5

3.5

81

81

79

7()

81

81

0 069
Colville &
Ribbe
(1e66)

8 .  178
t2.870
t4.t87
93.50"

115.90 '
90,63"
IT

100
100

o
0

13
13

100
100
30
13

100
100
100
90
13
13
0 . 1 1 8

Fleet et oJ.
(1e66)

8.  1768
12.8768
14.1690
93.r7"

r15 .85"
9t .22"
P 1

100
100

0
0
0
0

100
100b

0
0

100
100
100
100b

0
0
0 . 1 1 1

Kempster
et d. (1962);
Megasr et ol'
(1962); Cole
et aI. (1951)

. Ribbe, personal communication, 1968.
b These sites are reported to contain 10ol Al (Megaw et atr.,1962, p. 1023), but because

strain effects can limit the accuracy of apparent site occupancy to *5/s, for simplicity
these sites are considered to be 100/6 Si in subsequent calculations (Fleet el al. (1966)
p .797 ) .

other abberations. The peak intensity (1p), on the other hand, is not so easily interpreted
because it is sensitive to the real dispersion of the diffracted waves producing tle maximum.
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Tl':rr.F,2. Cnr,cur.nrrr Porvorn Dnrl ron Low Ar.srrn (Ano)
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2

2
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2
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2
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3
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8 r . 9 3  8 1 . 9 6  1 . 1 ? 6  3 1 6  3
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n . c q l  r  r r ?  6 1 0  z l
" " ' " " 1  8 5 . 4 0
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7

5

2

4

I

2

3

2

7

I

1 3 . 8 6 1  6 . 3 8 ?  o o 1  z l
t l

1 3 . 8 9 [  , 1  e {  6 . 3 ? 6  0 2 0  4 l

r . . s c [  
" ' - -  

6 . 8 4 3  1 1 0  3 l
t l

1 4 . 0 6 J  6 . 2 9 9  1 1 0  3 l

1 4 . 9 9  1 4 . 9 9  5 . 9 1 2  1 1 1  4

1 5  8 8  1 5 . 8 8  5 . 5 8 1  1 1 1  4

22.O',1 22.07 4 027 201 93

2 3  0 8  2 3  0 8  3  8 5 4  1 1 1  1 5

2 3 . 5 6  2 3  5 6  3 . 7 7 1  1 1 1  3 9

2 4  1 6  2 4  t A  3 . 6 8 4  1 3 0  2 2

z + - z t l  , ^  ? ,  J . 6 6 8  i 3 r  r , j  I|  . + . r .
z + . s z l  3 . 6 5 8  i l o  4 2 j 1

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

2 5 . 5 7  2 5 . 5 7  3 . 4 8 3  2 2 1  6

2 6 , 4 4  2 6 . 4 4  3 . 3 ? 0  1 ! 2  1 6

2 7  , 7 6  2 7 . ' , 1 6  3 . 2 1 4  2 0 2  7 2

2 7 - s 4 l  3 . 1 e 4  o o 2  1 0 0 1

2 ? . 9 9 i  2 ?  9 6  3 . 1 8 8  0 4 0  U U I

2 8 - 1 3 1  3 . 1 1 2  2 2 0  3 7 t

2 A  3 4  2 A . 3 4  3 . 1 5 0  2 2 0  3 9

u o . t e l  ^ ^  .  ,  2 . s 6 5  1 3 1  z s  I-  
I  J U . r 4  

- " 1

3 0 . 2 3 1  2 . 9 5 6  2 2 2  1 6 l

3 o . q s l  ^ ^  .  ̂  2 . 9 3 r  o 2 2  r  r l"  ' -  
|  3 0 . 5 2  

' - l

3 0 . 5 3 1  2 . s 2 8  0 4 1  1 8  I
3 1 , 2 5  3 1  2 5  2 . 4 6 2  1 3 1  1 5

3 1 . 5 0  3 1 . 5 0  2  8 4 0  1 3 2  4

34.00 34 00 2 63' ,1 132 11

3 5 . 0 3  3 5 , 0 3  2 . 5 6 2  2 4 r  2 1

3 5 . 3 8  3 s . 3 8  2 . 5 3 7  3 1 2  3

3 5 . 9 8  3 5 . 9 8  2 . 4 9 6  2 2 1  3

36,81 36 82 2 442 241 15

3 6 . 9 8  3 6 . 9 6  2  4 3 1  r 5 1  6

: r . s s l  - -  ^ ^  2 . 4 0 8  2 4 0  s l
I  J /  J U  I

3 ? . 4 6 1  2 . 4 0 1  1 s 0  3 l

3 ? . 6 6 1  2 . 3 8 8  2 4 0  3 l

3 ? . 6 8 1  3 ? . 6 s  2 J a 1  3 1 0  2 l
t l

3 ? . 8 0 i  2 . 3 4 0  3 1 0  3 J

3 8 . 8 3  3 8 . 8 3  2 . 3 1 9  3 3 1  1 2

3 9  5 9  3 9 . 5 9  2  2 7 6  i 1 3  3

4 0 . 1 7  4 0 . 1 8  2  2 4 4  3 3 1  3

+ r . z l l  , ,  
" n  

2 , 1 8 7  o 4 2  l l
)  * r .  J v

+r .  s r  I  2 .B6  151  s l
4 2  5 3  4 2 - 5 3  2 , 1 2 5  0 6 0  1 2

4 2 , 7 3  4 2 . 7 3  2 . 1 1 6  1 5 1  5

4 3 . 3 2  4 3 . 3 2  2  0 8 8  3 1 3  2

4 3 . 5 8  4 3  b g  2 , 0 ' 1 7  2 4 r  I

44.54 44.54 2 034 241 3

4 5  3 3  4 5 . 3 4  2 . 0 0 1  4 0 1  3

4 5 . 8 5  4 5  A 4  1  9 7 9  0 6 1  4

4 7 . 1 6  4 7 . 7 6  I  9 2 ' , 1  2 2 2  4

4 8 . 0 5  4 8 . 0 6  1  8 9 3  4 2 2  1 2

as .16 l  oe . ro  1 . s8s  351  s l
48 .191  1 .888  222  9 l
4 9 , 2 8  4 9 . 2 A  1 . 8 4 9  4 0 3  1 3 -

49.49 49.49 1.842 260 4

r s . eg l  , ^  ̂ -  r . 830  r13  z l
I  { v . v o  -  }

4 e . 8 6  |  1 . 8 2 e  2 6 0  I  I
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TarLn 3. CeLcur,Arro Pownrn D,lra r.on Hrcn Amrrn (An6)
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3 7 . 3 7

3 ? . 8 6  
|

3 2 . 9 s  I
34.22

3 9 . 1 6
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1 3 . ? 6
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2 4 . 4 6

2 6 , 0 4

26.46
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2 9 , 6 2
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3 1 . 7 9
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6 5 . 8 9

6 6 . 4 3  l
23 uu.o,  I

6 7 . 2 5  
|

6 7 , 3 2  \

4  6 7 . 7 8  
|

3  6 7 . 8 0  
I

3  6 7 . A 2 1

3  6 8 , 1 2

-  6 8 . 6 9  |o l
6 8 . 7 2  

i
2 68.',7 3 l

4  6 e . 3 5  
|

o  e g . s o  !

3  6 9 . ? 2  
|

I  6 e . e 1  
I

1 0  7 0 - 1 5  |

1  7 1 , 4 5

3  ? 3 . 3 0

3  ? 5 , 5 0

3  ? 5 . 9 1  
I

s zs.sa I
3 ?6,85 I
?  7 6 . 8 9  !

7 8 , s 6  I
I

B  ? 8 . 6 2  l

t a . t s  I
8  8 2 . 3 s  )
, tr  8 2 . 4 r  l

5

3 l
B I

2 1

5

3

3

3

3 l

6 l

3

4

4

2

3

2

5

6

4

5

2

2

5

5

3

3

2 l
l

2 l

' f
2 l

2

3

3

2

2

4

6

2

1

3

3

3

5

3

2

2

I

I

4

4

2

2

2

I 1

7

L 4

5

3

3

3

5

3

3

3

3

3

2

4

6

3

3

3

3

2

3

3

3

3

4

3

6 0 0
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0 8 4
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t7 t4 I, Y. BORG AND D. K, SMITH

TAsr,r 4. Cer.cularnl PowoBn Dlre lon Or.roocr,esr (An2e)

26 ( rNT)  20  (P)  d hk.e \NT 
Ip 26 ( iNT) 20 (P) d hkl  l rNT t-

1  3 . 8 1

1 8  9 8

2 1 . 9 I

2 2  9 3

2 3  6 4

2 3 . 8 9

2 4 . 3 4

2 4 . 4 5

2 5 . 4 3

26.44

2',1 .7 B

2 7 . 8 3

2 ' , t . 8 3

2 8 . 0 3

2 8 . 3 4

2 9 . 1 7

3 0 . 3 8

3 0 .  5 1

3 0 . 5 3

3r,12

3 1 . ? 0

3  3 . 8 0

3 5  4 1

3  5 , 5 0

3 5  5 6

3  6 . 0 8

3 6 . 7 2

3 6 . 8 9

3 7 . 1 2

3 7 , 3  9

3 ? . 6 9

3 1  . 7 0

3 9 . 2  r

3 9  3 9

3 9  6 8

4 0  . 7 1

4 1  8 2

4 2 . 2 9

4 2  8 8

4 2 . 8 9

4 3  1 8

4 +  8 4

4  5 . 0 8

4 5 . 6 6

4 6 . 8 5

4',1.4r
- 1 8 _ 3 7

{ 8  9 r

1 9  2 r

4 9 . ? 9

4 9 , 8  6

1 3  8 2

1 5 . 1 3

1 8  9 8

2 3 . 6 4

2 3 . 8 9

24.34

2 5 . 5 8

2 5 . 8 3

2 6 . 4 4

2 7 . 8 2

2 8 . 0  3

2 4 . 3 4

2 9  1 7

3 0 . 3 8

3 0 . 5 2

3 1 . 4 2

3 1 . ? 0

3 3 . 8 0

3 5 , 4 2

3  6 . 0 8

3 6 . 7  4

3 6 .  S 0

3 1  1 2

3 7 . 3 9

3 7 . 7 0

3 9  2 1

3 9 . 3 8

3 9 . 6 8

4 0 . ?  6

4 r . 4 2

4 2 . 2 9

4 2  8 A

4 3  1 6

4 4 .  B 6

4 5  0 8

4 5 . 6 6

4 6 .  B 6

1 7 . 4 r
, 1 8 . 3 ?

4 8 , 9 1

4 9 . 8 6

6 5

1 2

93 52

7 7  1 0

3 1  t 9

4 1  2 4

4 9 . 8 ?

49.94

5 0 . 1 2

5 0 . 7 8

5 1 . 4 1

5 2  6 3

5 3  1 ?

5 3 . 7 5

5 3 . 8 6

5 4 . 0 I

5 5 . 4 0

5 7 . 3 8

5 8 . 5 0

5 8  5 9

5 8 . 8 4

5 9 . ?  1

6 0 . 0 8

6 1 . 8  7

62.24

6 2 , 8 1

63.44

63.44

6  3 . 8 1

6  3 . 9 0

6 3 . 9 9

6 4 . 9 I

6 5 , 3 2

6 6 . 2 7

6 7 , 2 0

6 7 . 6 1

6 ' . 7 . 8 2

6 8  4 0

6 8  5 4

6 9  1 6

6 9 . 3 9

6  9 . 5 0

6 9  7 ?

7 0 . 0 0

7 t  0 2

?  I  3 0

1 3 , 7 6

7 4 9 2

? 6  1 1
' 1 6 . 2 7

? 8 . 3 9

?  8 . 4 4
' 1 9  2 2

8 2 . 1 7

84.40

8 4 . 6 2

4 9 . 8  6

5 0 . ? 8

5 2 . 5 8

5 3 . 7 8

5 3 . 8 6

5 4 , 0  9

51.44

5  5 , 4 0

5 7 , 3 8

5 8 . 5 6

s  8 . 8 4

5 9  ? 1

6 0 . 1 0

6 1 . 8  6

6 2 . 2 4

6 2 . 8 1

6 3 . 4 4

63. f l { }

6 4 . 9 9

6 5  3 2

6 5 . 5 6

6 6 . 2 6

6 7  . 2 0

6 7  , 1 0

6 ? . 8 0

6 8 . 5 2

6 9 . 1 6

6  9 . 4 8

6 9  ? 8

? 1 . 0 4

? 1 . 3 0
' 7 3  7 6

7  4 , 9 2

7 8  t 3

? 9  1 8

8 2 .  r 7

a1.44

8 4 _  5 B

6 . 4 1 2  1 1 0

5 . 8 5 6  1  1  I

4 . 6 7 5  0 2 1

4 . 0 4 2  2 0 1

3  8 ? 9  1 1 1

3 . ? 6 3  1 1 1

3 . 7 2 s  i 3 0

3  6 5 ?  1 3 0

3  6 4 0  1 3 1

3 . 4 8  3  r r 2

3 . 4 4 9  2 2 t

3 . 3 7  1  r I 2

3 . 2  1  1  2 0 2

3  2 0 6  2 2 0

3 . 2 0 6  0 4 0

s . 1 8 4  0 0 2

3 . 1 4 9  2 2 0

3 . 0 0 1  1 3 1

2  9 4 2  0 4 1

z . 9 z g  0 2 2

2 . 9 2 8  2 2 2

2  4 4 7  1 3 1

2 . 8 2 3  1 3 2

2 . 6 5 1  1 3 2

2 . 5 3 5  2 4 r

2 529 : l r2

2 . 5 2 4  2 2 r

2 516 tL2

2 4A9 24r

2 447 22r

2 , 4 3 6  2 4 0

2 . 4 2 2  i 5 1

2 405 310

2 . 3 8 6  3 1 0

2 386 240

2  2 9 8  3 3 1

2 . 2 8 4  3 3 1

2  2 7 \  1 1 3

2  2 t 3  1 5 1

2  1 6 0  2 2 3

2 . 1 3 7  0 6 0

2 1 0 9  1 5 1

2 . 1 0 9  2 4 r

2 . 0 9 5  3 1 3

2 02). 402

2  0 I r  4 0 1

1 . 9 8 7  0 6  1

1 . 9 3 9  2 2 2

1 . 9 1 7  4 2 2

i  8 8 2  2 2 2

I  8 6 2  i 6 o

I  8 5 2  4 0 3

1 . 8  3  1  0 6 2

1  8 2 9  4 0 0

r . 8 2 9  2 6 0  5

1  8 2 6  0 4 3  3

1 . 8 2 0  2 6 2  3

1  ? 9 8  1 1 3  1 0

t ' t ' t 1  2 o 4  2 4

r . 1 4 1  2 2 4  4

1 . ? 3 9  2 4 2  5

1. '124 442 I

1,-723 062 3

1 . ? 0 5  4 4 r  3

t . 7 0 2  4 4 1  2

1 . 6 9 5  4 4 2  4

1 . 6 8 5  2 2 4  4

1 . 6  5 8  2 4 2  3

1 . 6 0 6  3 5 3  5

1 . 5 ? 8  5 1 r  2

1 . b ? 5  4 2 4  3

1 . s 6 9  0 2 4  3

1 . 5 4 9  3 5 1  3

1 . 5 4 0  4 2 4  2

r . 5 o o  2 6 1  5

t . 4 9 2  5 3 3  5

1 . 4 8 0  2 8 0  6

1  4 6 6  4 6 1  6

1  4 6 6  5 3 3  3

I  4 5 9  0 6 3  5

1.457 280 5

r . 4 5 b  4 6 2  5

1  4 3 5  2 4 3  3

1 . 4 2 9  5 1 4  1

t . 4 2 3  2 6 2  4

1 4 1 0  1 1 4  2

t  3 9 3  r 9 0  3

1 . 3 8 4  5 3 4  5

1 3A2 134 5

1  3 7 1  2 4 3  3

1 . 3 6 9  4 0  5  5

1 . 3  5 8  6 0 2  8

1 . J 5 4  4 2 5  4

1 .  3 5 2  L 9 2  6

1 . 3 4 8  1 0 2  7

I  3 4 4  1 1 5  4

1.-327 553 3

|  3 2 3  1 3 5  4

1  2 8 5  2 8 2  4

r . 2 6 7  4 8 2  '

1 . 2 5 1  6 4 3  3

r.24A 642 3

t 24s 482 4

1,220 242 4

1  2 1 9  6 0 0  3

1 . 2 0 9  3 5 5  3

1 1 ? 3  s 1 6  3

1 1,tB 640 3

1 . 1 4 5  2 6 5  2

1 l

2 9

I 2

1 3

2 2

6 7

1 0 0

40

2 3
2 3

1 6

1 4

L 8

B

3

1 2

1 2

1 5

1 8

5

1 0

4

2

2

2

3
I

3

2

2 6

5

3
1 4

t ?  9

3 2

3 3

3 2

3

6

2

1

1

3

3

3

4

2

2
2

2

2

3

3

3

4

3

1 3

6

1 1

5

1 3

3

3

6
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5

1 1
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CA LCULATED PLAGIOCLASE PATTERNS

Taslr 5. Cer,cur-,lTEo Powlrn D.lr.q. lon BvrowNrrn (Ango)

l ,  l J

2 0  ( r N T )  2 0  ( P )  d hr<-0 ItNr rp 20 (rNT) 20 (P) d hkl Iwr Ip

1 2 . 9 4

1  3 . 6 3

1 3 .  B o  l
I

1 5 . ? 1

r ? . 6 5

1 8 . 9 0

2 0 . 3  6

22.OO

2 2  7 3

zs .  e r  I
I

2 3 . 6 6 1

2 4 . 2 2

-  "  " ' l
z+.st l
2 5 . 6 9

26,52

2 7  . 4 5

2 1  . A O

2 7 . 9 r

28.O4

2 4 , 4 9

2 9 , 4 2

3 0  2 6

3 0 , 4 3

3 0 . 7 I

3 1  5 9

3 1 . 8 1

3 2 . 1 0

3 3 . 0 6

3  3 , 8 4

3 5  1 4

:s  r : l
35.?31
3 5  9 i
3  6 . 3 8
3 6 . s 3 1

I
3 6 . 5 9  I
3 6 . 8 0  |

3 1  2 6

3 7  6 0

3 8 . 0 0

3 8  3 5

3 8  6 9

se ss [
:s ,o : l
3 9  5 3

3 9  8 t

4 0  4 3

40 56

4 1 . . 1 0

4 1 . 9 2

+z . zs I
12 2sl

6 . 8 3 9  1 1 t

6  4 9 8  1 1 0

6.117 020

6 . 3 6 4  0 0 2

5 . 8 0 9  1 t 2

s 640 ir2

5 . 0 2 6  1 2 1

4 . 6 9 4  0 2 2

4 . 3 6 1  0 2 2

4 . 0 4 1  2 0 2

3 . 9 1 3  r 7 2

3 . ? 6 ?  1 3 0

3 . ? 6 1  1 1 2

3 . 6 7 5  2 0 0

3 . 6 3 1  1 3 0

3 . 6  l 8  r 3 2

3 468 114

J J6o i14

s 24s 220

3 . 2 0 9  0 4 0

3.197 204

3 . 1 8 1  0 0 4

3.132 220

3 , 0 3 6  r 3 z

2.954 042

2 . 9 3 8  0 2 4

2 . 9 0 5  2 2 4

2 432 t32

2 . 8 1 3  t 3 4

2 . 7 8 8  2 2 1

2 . 1 0 9  2 C 2

2 . 6 4 9  1 3 4

2 - E E 4  2 2 2

2  5 1 3  2 4 2

2 51s 242

2 50t 314

2 469 ,ao

2 , 4 5 9  1 r . 1

2  4 5 6  1 5 0

2  4 4 2  2 2 2

2 , 4 1 3  1 b 2

2 392 i50

2 , 3 6 8  2 1 0

2 347 044

2  3 2 7  3 1 5

2 , 3 7 2  3 6 2

2  3 0 8  2 4 4

2  2 8 0  3 3 2

2  2 6 4  r 1 6

2 230 226

2 , 2 2 4  2 4 4

2 , 1 8 1  3 3 4

2  1 5 5  2 2 6

2 . 1 3 9  0 6 0

2 137 212

2 2

9 9

e l

4 \

1 0 8

2 2

2 1

2 2

i 0 0  8 2

3 1  2 6

: : t  4a
r r t

, " 1- " 1  2 0
s j

3 3

B 7

2 9  2 7

a 4  9 3

8 6  1 0 0

8 6  8 5

2 3  2 1

1 2  1 0

1 ?  1 5

1 6  1 4

7 5

\ 2

2 1

4 3

3 3

" l- l  1 9
7 l
I  1 0

I  1 0

r  3 l
I

1 2 1  t 7

2 l

5 4

9 ?

1 3  I

2 3

I 2

: l  -
t )

4 l
12 tJ

1 0  I

2 2

2 2

3 3

2 i
^ l

:,r I

1 2  9 4

1 3 . 6 3

1 3 , 8 0

r 5 . 2 5

1 7 . 6  5

1 8 . 9 0

2 0 . 3 6

2 2 . O O

22. ' , l  3

2 3 . 6 4

2 4  2 2

2 4 , 5 1

2  5 , 6 9

26,52

2 7  4 5

2 7  A 2

2 7 . 9 1

2 A . O 4

2 A . 4 9

29.42

3 0 , 2 6

3 0 . 4 3

3 0 . 7 I

3 1  5 9

3 1 . 8 1

3 2  1 2

3 3  0 6

3 3 , 4 4

3 5 . 1 4

3 s  ? 3

3 5  8 8

3 6  3 8

3 7  2 6

3 ?  6 0

3 8 . 0 0

3 8  3 5

3 8  6 9

3  9 , 0 0

3 9  5 3

3 9 , 8 1

4 0  4 3

4 0  5 4

4 1  4 0

,11 94

4 2  2 a

4 2  6 8  4 2  6 6

4 2 . 9 6  4 2 . 9 4

4 3 . 1 2  4 3 , 1 2

4 3 , 2 9  4 3  2 a

4 4 . 8  6  
I

- - - l

4 4 . 9 5  |

4 5  2 6  4 5  2 4

4 5 . 7  3  4 5 . 7  3

4 6 . 1 r  4 6 , 1 0

46.41 46.41

4 6 , 9 1  4 6 . 9 1

+z . ro l
4 7 . 1 6 1

+s.:o l  48 38
4 8 . 4 1  I
+s. rr I
4 9 , 3 ?  |
4 s . 5 7  

|
4 s . 6 1  

i  
4 e . 6 0

4 9 . 6 6  |

5 0 . 2 5  5 0 . 2 5

5 0 . 4 5  5 0 . 4 3

" - .  . ' l  5 0 . ? 8
s 0 . 8 1  |

5 1 . 1 2  5 1 .  1 6

5 1 . 3  3  5 1 . 3  3

5 t  6 4  5 1 . 6 4

5 2  0 0  5 2 . O O

5 2 . 3 3 1
I

5 2 . 3 ' , 7  
|  

5 2 . 3 8

5 2 . 4 2  l

sz.sol  52.80
sz .e t l
5 3  3 3  5 3  3 3

- "  ' " I  5 3  6 0
5  s . 6 1  I
54.62 54 62

5 5  6 4  5 5  6 4

5 6 . 5 8  5 6  5 8

5 7  1 0  5 1  . 0 4

5 7  . 4 1  5 7 . 4 4

5'7 97 57,97

5 A  2 1  5 8  2 7

5 8  ? 6  5 8  7 6

5 9  0 3  5 9  0 3

6 0  2 6  6 0  l 0

6 t  3 4  6 1 . 3 6

6 2 . 1 4 1

s z . z a l  6 2  2 6
I

6 2 . 3 2  |

6 2 . 5 6  6 2  5 6

t z  t z l  6 2  i 2
oz u, l  j

6 3  3 2  6 : 1  3 2

6 4  0 . 1  6 4  0 4

c+ . : e l
6 4 . 3  5  |

2 . 1 1 8  1 3 4

2 . 1 0 5  1 3 6

2 . 0 9 8  1 5 2

2 . 0 9 0  3 1 6

2.020 404

2 . 0 2 0  1 5 4

2 017 402

2 004 312

1 . 9 8 4  0 6 2

1 , 9 6 8  3 1 2

1 . 9 5 6  2 2 4

1 . 9 3 7  2 4 6

r  9 2 7  4 2 4

1 . 9 2 7  1 2 4

1 842 352

1 . 8 8 0  2 2 4

1 . 8 5 3  3 5 2

1  8 4 6  4 0 6

1  8 3 9  0 6 4

1  8 3 8  4 0 0

1  8 3 6  1 1 6

1  8 1 6  2 6 0

1  8 o e  2 6 4

1 . ? 9 8  1 1 6

r . 7 9 2  1 ? o

1',747 420

1 . ? 8 0  1 7 2

7 , ' ,110 204

1 . 7 5 9  2 4 4

1 . 1 4 4  2 6 4

r ' 7 4 7  4 2 0

1 . 1 4 5  r 1 2

1 . 7 3 4  2 2 4

r . ' 7  3 4  1 3 6

1 . ? 1 8  0 6 4

I  ? 1 0  4 4 4

1  ? 1 0  1 4 4

1 . 6 8 0  2 2 8

r  6 5 2  2 4 4

1  6 2 7  3 3 8

1 . 6  r  5  4 4 6

1  6 0 4  0 8 0

1  5 9 1  0 0 8

1  5 8 3  0 S 2

1  5 7 1  0 2 8

1  5 6 4  4 2 8

I  5 3 6  2 6 6

1  5 1 1  2 1 8

1  4 9 4  2 8 0

1 491 2A2

1  4 9 0  1 ? 6

t  4 8 5  4 6 2

r  l 8 r  5 3 6

| 1 ' . t7 08{

1  1 6 9  t U l

I  4 5 4  0 6 6

I  - l 4 B  2 8 0

1 .148 246

2

4

5

4

;l
3
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2

2

4
I

10 i
z l
el
z l

111
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6
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1 8
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r / l o I. Y. BORG AND D, K, SMITH

Tarr,n 6. Car,cularno PorvoBn Dera ron ANonrHrrn (An166)

2 o ( I N T )  2 0 ( P )  d  h k r  I t * ,  I p  2 0 ( I N T )  2 0 ( P )  d  h k l  I I u t  I ,

1 3 . 0 1  t  3  0 1

1 3 . 5 8  1 3 . 5 8

1 3 . ? 9  r 3 . ? 9

1? 33 l ' , l .32

1 ' 7  7 3  1 ? . ? 3

1 8 . 9 2  1 8 . 9 2

2 0 . 9 5  2 0  9 5

2 2  0 1  2 2  0 1

2 2  7 7  2 2  7 1

' " ' " '  \  2 3 . 5 2
zs .  ez  \
2  3 , 6 9  2 3  6 8

2 4 . i 9  I  ^ ,  - ^

2 4 . 1 t  \

2 5  3 7  2 5  3 7

zs .o r  |  , .  " "
2 5 . 7 5  \

2 6 . 1 8  2 6 . 1 8

2 6 , 5 1  2 6 . 5 r

2 7 . 3 5  2 1  3 5

2'1.79 2' ,7 .79

2 7  9 3  2 7 . 9 3

2 8  0 6  2 8 . 0 6

2 8  5 9  2 8 , 5 9

2 9  3 6  2 9 , 3 6

30 27 30.27

30 46 30 46

3 0  9 1  3 0  9 2

3 1  6 4  3 1  6 4

3 1 . 9 2  3 1  9 2

3 3 . 7 6  3 3  7 6

3 s . 0 ?  3 5  0 ?

,r .ro Lu.u+
3s .55  !
es . zs  i
r r . n t  J  ' u ' no

3 6 . 8 8  )  - -  - ^

3 ? , 0 1  !
3 7  3 +  3 7 . 3 ?

3 1 , 7 3  3 1  7 2

3 8 . 1 3 i  - - . "

3 s . r 4  !

3 8 . 7 ?  3 8  7 8

, n . t t  Ln . r ,
3s.82 I
4o . z8  |  " "  " "
4 0 . 3 9  ]

4 1  8 5  4 1  8 5

n?'ru I  qz.rc
t z . z t  I
4 2 . 6 9  4 2 . 6 9

4 3 , 1 7  4 3 . 1 7

4 3  ? 9  4 3 . ? 9

4 4  7 5  1 , 1  7 5

+ , r . ss  i  , .  ^ .
4 4 . 9 6  I

6  9 0 7  1 1 1

6 . 5 2 2  1 1 0

6.420 020

5 . 1 1 8  1 r t

5 . 0 0 2  7 2 1

4 . 6 9 0  0 2 2

4 , 2 4 0  0 0 3

4  0 3 9  2 0 2

3 . 9 1 6  1 t 2

3 . ? 8 3  1 3 0

3  7 6 7  1 3 r

3 . ? 5 6  1 1 2

3 . 6 2 0  1 3 0

3 . 6 0 3  7 3 2

3 510 132

3  4 7 6  r 3 1

3  4 5 9  1 1 4

3  4 0 3  2 2 2

3 , 3 6 2  1 1 4

3  2 6 1  2 2 o

3.210 040

3 . 1 9 4  2 0 4

3 . 1  8 0  0 0 4

3.122 220

3.042 132

2 7sz o42

2 934 024

2  8 9 3  2 2 4

2 A2B 132

2  8 0 4  1 3 4

2  6 5 5  t 3 4

2 559 222

2 529 t t4

2 . 5 2 5  2 4 2

2 . 5 0 9  3 1 4

2  5 0 1  2 4 2

2 137 222

2 . 4 2 9  3 1 0

2 . 4 0 6  r s z

2  3 a 4  3 1 0

2  3 6 0  t 5 2

2 359 240

2 328 *2

2 . 2 9 5  1 5 3

2 . 2 7 0  3 3 2

2 . 2 6 1  i  1 6

2 zzs 14,2

2 , 2 3 3  2 4 4

2  \ 5 4  2 2 6

2 . 1 4 3  2 4 2

2 . 1 4 0  0 6 0

2 . 1  l  g  2 4 5

2 . 0 9 s  1 5 2

2 067 04s

2 025 r51

2  0 1 9  4 0 4

2 . 0 1 6  4 0 2

I

1 0

4

3

2

I 7

2

1 3

3 0 )
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'I'esr-n 
7. "d" AND "d" RnuncrroNs rN ANonrnrrB (Anroo)

t 7  1 7

2a (rNT) hht, lnqr 2o (rNT) hkl. lrxr

6 . 9 5
1 3 . 0 1
15.00
1 5 . 1 0
15.90
I / . J J

19.32
19.96
20.  58
20.95
23.42
23.62
24 .12
24 .31
25.63
26.00
1 J  ^ n

27 .63
27 .75
28.88

t2 .718
6.807
5.904
5 .869

5 . 1 1 8
4.594
4.M8
4.316
4.240
3 . 7 9 8
3 . 7 6 7
3 .689
3 . 6 6 1
3 . 4 7 6
3.426
3 . 2 5 3
3 . 2 2 9
3.2r5
3.092

0 . 6
9 . 0
1 . 2
0 . 6
0 . 7
2 . 6
1 . 1
1 . 1
0 . 7
2 . 4
0 . 8
5 . U
I . J

0 . 9
4 . 4
t . 2
0 . 6

1 . 0
0 . 7

29.r7
30.60
30.96
32 .10
32.90
33.79
34.23
3 5 . 1 1
35.28
35.29
36.34
36.83
36.90
J /  .  / J

38 .78
39 01
39.25
3 9 .  5 1
39.72

3.061
2.92r
2.889
2 .78 r
2 .723
2.653
2.620
2 .556
2 . 5 M
2.543
,  47)
2 .440
2.436
2.384
2 . 3 2 2
2.301
2.295
2.280
2 . 2 6 9

001
II1
02r
012
02r
1T1
122
IT3
113
003
T31
131
203
023
131
o23
131
r33
,.t\

I I J

041  1 .1
22r 0.6
140 0.6
2 2 r  2 . 1
205 1.8
043 r .7
133 0.6
t l l  2 . r
005 0.5
n 5  1 . 8
225  | . 4
151  r . 3
243 0.6
1 5 1  1 . 1
J I J  1  . . ' )

o25 1.9
15-3 2.7
3-31 0.9
3-33 0.8

Thus, profiles of observed peaks are convolutions of the X-ray spectral distribution and
are strongly inffuenced by instrumental aberrations, sample alignment, and efiects that
relate to particle size, strain and homogeneity of the sample. Thus, the calculated peak in-
tensities reflect assumptions that have been made concerning the shape of the difiraction
maxima as well as overlap of adjacent maxima. They are: (1) the diffraction maxima from
both Kar and Kaz have Cauchy profiles; (2) the width of the profile at half maximum is
dependent on the diffraction angle and can be estimated without evaluating the individual
factors mentioned above which influence it: (3) adjacent maxirna will overlap to produce a
single Ip when separated by less than one half-width.

The relation of half-width to 20 in (2) is based on empirical data from a-Al:Oa and Si.
The data were measured on difiractometer traces of uncemented powders in standard
holders, using a Norelco wide-angle goniometer over the whole 20 range (l f4" 2d. min scan
using a pulse-height analyr,er,1" divergent and scattering slits and 0.003 in. receiving
slits). The half-widths recorded on Al2O3 and Si are more narrow (0.10o at 29:40") than
recordedinplagioclasescannedundersimilarconditions(0.10-0.16oat20:40").This isdue
in large part to the greater compositional variation in samples of natural silicates. The.Ip
data of Tables 2-7 are based on the half-width versus 2d function determined on AI2O3 and
Si extrapolated to a half-width of 0.160 at 4O" 20.

The intensities lrrqr and 1p (Tables 2,7) are directly related to intensities obtained
from diffractometry which utilizes flat samples and thus eliminates absorption corrections
for materials with moderate absorption. Use of cylindrical samples in Debye-scherrer
cameras requires an absorption correction; and within the angular range reported, the
resultant lrnr and Ip differ so slightly from those tabulated for flat samples (see Table 8)
that they have not been included in'Iable 2-7. In general, absorption in cylindrical mounts
causes the front reflection to be relatively weaker than the back reflection region, the ef-
fect bring pronounced in compounds containing the heavier elements.
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T.rr;lr 8. Iixnulr,rs or. IutR,cn,q.'lBu Ilqrr.Nsrrrrs IN ANoRtlIITll loli

CvlrNonrcal (C) aNo l"r,al Saut'r,ns (P)

hkt 20 CuK" (dec) lrrqr(F) lrnr(C)

t 11
202
204
r52
066

13 .01
22 .Or
27 .93
+ J . I '

64.00

9 0
58 .3

100.0
t 4 0
8 . 8

7 . 9
5 4 . 9

100.0
1 6 . 7
1 3  . 5

In the case of calculated integrated intensities (1t*t), the strongest
peak was set to 100 (002 for albite and oligoclase; 2O2 and204 Ior bytow-
nite and anorthite, respectively). Peak intensities (1p), graphically dis-
played in Figures 1-4 and also included in Tables 2 6, are scaled to the
maximum observed which was set at 100.

In view of the relatively narrow spectra of spacings, normally mea-
sured and indexed in these complex powder patterns, an unresolved
CuKa radiation was used in the computations. The total number of
reflections that could be calculated was limited by the code to 1000,
thus restricting the maximum 20 angle to 87o for C-centered cells and to
65o for primitive and body-centered cells. However, in consideration of
space limitations, only those hkl reflections whose calculated integrated

LoW ALBITE AnO

CALCULAT EO

2 g

Frc. 1. Powder patterns at low albite, CrKa. (a) Calculated pattern of Ramona albite,
(b) measured pattern of Ameiia albite by William Parrish, Phillips Laboratories. Peaks

marked "O" are due to impurities. (40 kVp/20mA, 10o take-ofi angle on point source,

vacuumdifiractometer, l/min, timeconst:2 sec,2-l angularaperature)0.006in. (0.05')

receiving slit, specimen rotated in its own plane.)
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OLIGOCLASE An 285

CALCUL AT E D

2 g

l'rc. 2. Powder patterns of oligoclase, An2e, Mitchell Co., N.C., CuKa. (a) Calculated
pattern, (b) measured pattem by D. B. Stewart, U.S.G.S. F:fluorite. (45kVp/20mA, 10
/min, time const:4 sec, 1o divergent and anti-scatter slits,0.006 in. receiving slit, pulse
height analyzer.)

intensities met the following criteria were included in Tables 2-6:L
I00I h1f I 002>2.4 (albite and oligoclase) ; I00Innt/ Iror) I.4 (bytownite) ;
and l00lp1f I ion>2.4 for 20:0"-60o and 51.4 for 20:61o-65o (anor-
thite).In consideration of the importance of weak "c" reflections @+n,
evenl l, odd) in distinguishing anorthite and transitional anorthite, a
separate Table 7 lists "c" and " d," reflections (hl k, even; I odd and h * h.

TRANSITIoNAL ANORTHITE An IOO

CALCULATED

2 e

Iirc. 3. Powder patterns of synthetic transitional anorthite, An1ss, ANS-26 (Stewart,
1967, p. 50), CuKa. (a) Calculated pattern, (b) measured pattern by D. B. Srewarr,
U.S.G.S. F: fluorite. (Experimental conditions as in Fig. 2b.)

I 20 receive unabridged Tables 2-6, order NAPS Document-00038 from ASIS National
Auxiliary Publications Service, crlo CCM Information Sciences, Inc.,22 West 34th Street,
New York, N. Y. 10001; remitting 92.00 for microfiche or 96.00 for photocopies.
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odd; l, even respectively) for anorthite. Most are too weak to be included
in Table 6. Criterion lor inclusion in Table 7 is l j j lua/Izo+)0.05 and
20<40".

Rnsurrs eNo CoNcrusroNs

Calculated diffractometer traces are juxtaposed with real diffractom-
eter traces in Figures 1-4 to illustrate their generally good agreement.
Except for Figure 1, real traces are measured on smear mounts; no effort
was made to eliminate preferred orientation in any of the four.

The calculated traces in Figures I-4 are based on an assumed half-

width at 40" 20 of 0.12-0.13' which is smaller than that used to calculate

ANORTHITE An IOO

CALCULATE D

2 0

Irc. 4. Powder patterns of synthetic anorthite, Anroo, ANS-305 (Stewart, 1967, p. 50),

CuKa. (a) Calculated pattem, (b) measured pattern by D. B. Stewart. F:fluorite (ex-

perimental conditions as in Fig 2b).

the 1p of Tables 2-7 (0.16"). Use of the smaller value was necessary in

order to match the good resolution in the real patterns' These are not

only of high quality but also include traces from synthetic plagioclases'

In contrast to the natural plagioclases, the latter are more uniform in

composition and therefore also in unit cell size; as a consequence, I ine

broadening from these sources is not expected. The 0.16o half-width

used for calculated Ip in the Tables and Figure 5 is considered to be a

better approximation for natural plagioclases. But even use of the large
half-width results in plots with resolution that may not be found in

natural p_atterns. For_example, in the high albite trace (Fig.5), resolu-

tion of 04I, O22, and222 at 20-30.5 and 131 and 132 at 20-31.7" has

no counterpart in the measured patterns recorded in Figure 1 (Smith

and Yoder, 1956) and Figure 1 (Bambauer et al., 1967). The lack of
resolution may reflect incorrect overlap criterion used in the calculated
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HIGH ALBITE  Ang

Ribbe et  o l .  I  968

LOW ALBITE AnO

Ribbe  e f  o l .  1968

OLIGOCLASE An*

Co lv i l l e  ond  R ibbe  1966

BYTOWNITE AnrO

Fleei et  g! .  1966

ANORTH ITE An,OO

Kempster  et  o l .  1962

28 30 32 34 36 38

20 CuK-

Fro. 5. Portions of calculated powder patterns.
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model, which is determined by the half-width chosen, or slight differ-
ences in lattice parameters in the various plagioclases used.

The chief difierences in the juxtaposed patterns is in the intensities of
certain peaks. For example, in real traces of oligoclase, anorthite and
transitional anorthite (Figs. 2-4), the 201 peaks at 20-22.0" are low
relative to the calculated counterpart. The reasons for these differences
are not certainly known, but are believed to be due to a preferred orien-
tation of the particles on the slide mounts because of perfect (001) and
(010) cleavages. Under these circumstances, lower intensities of 200,
h0l and hhl, peaks would be anticipated as well as enhancement of 001,
0ft0 and 0k1,. In our experience, peak heights in synthetic materials,
more closely resemble the calculated than do those in natural minerals.
The observation is in keeping with an initial finer grain size in synthetics,
which eliminates the need for further grinding and therefore the pro-
duction of particles bounded by cleavages.

It is hoped that the calculated integrated and peak intensities pre-
sented here will serve as guides to indexing the complex patterns of the
plagioclases. If so, the data will have helped to eliminate one important
source of error in the process of reducing powder data to meaningful
parameters, ais., mis-identification of diffraction maxima.

For indexing complex patterns, we recommend use of the calculated
11p1 and Ip of Tables 2-7 to recognize overlap, and in such cases to
assess the likely contribution of each reflection to the observed peak
maximum. As is well-known, overlap of a strong and a weak reflection
can result in a single peak whose intensity is enhanced as well as skewed
off the 20 value associated with the stronger of the two. In the case
where the ratio of the intensities is large, e.g. l0'.1, the peak can be con-
fidently associated with the hkl of the stronger, but if the ratio ap-
proaches 1:1 and the reflections do not exactly coincide, the d of the
peak does not correspond to either reflection. Even in the case of closely
spaced, but resolved reflections, the position of each is effected to some
extent by proximity of the other. These considerations put a limit on
the ultimate accuracy of lattice parameters calculated by least-square
refinements of triclinic powder data assuming otherwise ideal conditions.

In resum6, Ip in calculated as well as measured powder patterns must
be interpreted with discretion. These intensities are influenced by over-
lap of maxima and by line-broadening related to minor variations in
sample, composition, particle size, instrumental abberations, strain, and
sample alignment. In addition, preferred orientation, because of perfect
cleavages and dimensional alignment of particles, is a factor that in-
fluences .[p. Nonetheless, the data presented here make reasonable al-
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lowance for many of these variables, and by doing so simulate natural
patterns.
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