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Aasrnacr
A new *-ray difiraction method is described which permits the measurement of the

Ab-An percentage composition of plagioclases to I or 2 per cent. The determination of line
separation instead of absolute line position eliminates several sources of error, and enables
the same calibration curves to be used by any laboratory. Several plagioclases of known
composition were analyzed in this manner, and calibration curves are given. They indicate
that plagioclases do not constitute a single isomorphic series, but rather two such series,
with a transition point in the vicinity of Ab2An1.

Plagioclases may be considered as solid solutions of albite (NaAlSiaOs)
and anorthite (CaAbSizOs) the composition of which may vary from
AbrooAno to AbsAn16s. This composition may be determined by various
optical methods, but these are not accurate when the sample crystals
have been altered, or when the sample is finely powdered.

Since the physical properties of solid solutions vary with their composi-
tion, a study of the latter by x-ray difiraction is theoretically possible
and would overcome the difficulties df the optical methods. The positions
of corresponding lines in the diffraction patterns of Ab and An (which
crystallize in the same system and with unit cells which have approxi-
mately the same dimensions) will be shifted in complementary fashion
as the composition of the plagioclase changes. However accurate measure-
ment of these line positions is very difficult, and is subject to several
errors, such as those due to eccentricity of the sample in the powder
camera, and to film shrinkage during processing. Even when these are
corrected the resulting accuracy is usually too low to make the deter-
minations useful, and in general the calibration curves so obtained may
not be of any use with other instruments.

rn this laboratory, we have analyzed the composition of such solid solu-
tions by measuring the distance between two adjacent lines in the dif-
fraction pattern, instead of the absolute position of one line. This has
resulted in much greater accuracy, and eliminates the errors due to sam-
ple eccentricity and film shrinkage. rn addition, the calibration curves
obtained with the powder camera are identical with those obtained rvith
the spectrometer.

PnocBnunps

The percentage compositions of the eight plagioclases examined were
first determined by various optical methods to about 1 per cent. The
results are given in Table 1.

* Published by permission of the Deputy Minister, Department of Mines, euebec.
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TeslE 1. MrNnner-ocrcar, Awer-vsrs or rne Pr-lcrocr,esrs

Plagioclase
Mineralogical

Collrctioq
Locality

Amelia Court House, Virginia,
Teufefsmiihle,

Habachtal, Salzburg
Buckingham, Quebec
Unknown
Krageiit, Norway
Near Nain, Labrador
Crystal Bay, Minnesota
Miakejima, Japan

Abss-'ooAnrc (a)

Abc,Ans (b)

AbuAnrs (b)

AbouaAnrurs (b)

AbsrAnrr (b, c)
Ab*Anm (b)

AbzrAnza (c)

AbuAncg-ss (b)

Optical Method

(a) Double variation
(b) Extinction angle on

(010), a': [100]
(c) Fedorov

Albite
Pericline

Oligoclase
Oligoclase
Andesine
Labradorite
Bytownite
Anorthite

I.I A.

Ward's
Ward's
Ward's
I.I A.

I.I.A. =Institute of Industrial Arts, Gardenvale, P.Q.

Diffraction patterns of the samples were then obtained in various

ways. Three patterns of each sample were taken with a Norelco r-ray

Diffraction Spectrometer, where the detection is performed by a Geiger-

Miiller counter with scaling circuit and mechanical register. Tube cur-

rent and voltage for a copper target were 6 ma and 35 kv respectively'

The source slit was 1.5X6 mm. while the detector slit was 0.25X6 mm'

The first pattern was drawn by taking readings (counts/min.) every 0'01o

as the counter was displaced. The second pattern was taken for 0'05o

displacements. For the third pattern, the counter was displaced auto-

matically at the rate of 1o per minute, while its output was fecorded

on a Brown Electronik potentiometer. Two additional diffraction pat-

terns were taken of each sample using a Norelco 114.59 mm. diameter

powder camera. Both copper (20 ma and 35 kv) and iron (15 ma and

30 kv) targets were used.
In examining the diffraction patterns taken of each sample' it was

necessary to choose Iines satisfying several requirements. They must be

(a) prominent so as to be observable even when the sample is diluted;

(b) easily recognizable; (c) in a high dispersion region of the pattern for

accuracy of measurement; and (d) selected in at least two groups in case

one should be masked by impurities. Such conditions are met by the two

groups of lines chosen as indicated in Figs. 1 to 8. They are identified as

follows:

PosrrroN Rrcocxzelr-n Crtenecrrnrsrrc

2 .644
2.55-2.49 A Strong line between two weak lines
2.5t-2.M4
1.83-1.82 A

1.79 A Weak line between two strong lines.
r.78-r.76 A

Group f

Group II

Lrxr
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Frc. 1-8. x-ray diffraction pattern (FeKa) of a few plagioclases showing positions of
the two groups of lines chosen. The inversion in tbe position of lines 2 and 3 in Fig. g,
following the overlapping of the same two Iines in Fig. z, is to be noted. 1. Albite. 2. pei-
cline. 3. oligoclase. 4. oligoclase. 5. Andesine. 6. Labradorite, ?. Bytownite, g. Anorthite.
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T.cnln 2. Drsrercr* BETwEEN rnr LrNrs 1, 2, euo 3 es OsrarNro
nv Dnrrnnnr MBaNs

Powder camera

FeKa

Spectrometer

Man- Man-
Motor ual ual
lo /^ .  .05 .01

d"g. d"g.

2 . 1 0  2 . 0 8  2 . r l
- . 2 5  - . 2 7  - . 2 7

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

1 . 9 0  1 . 8 7  1 . 8 6
.00 .00 .04

1 . 9 0  1 . 8 7  1 . 9 0

1 . 8 0  1 . 7 0  1 . 6 9
. 4 5  . 3 8  . 3 8

2  . 2 5  2  . 0 8  2  . O 7

1 . 5 5  r . 5 7  r . 5 7
.60 .59 .57

2 . 1 5  2 . 1 6  2 . t 4

1 . 6 0  1 . 5 3  1 . 5 5
. 70  . 7s  . 75

2 .30  2 .26  2 .29

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

1 . 2 0  r . 2 0  1 . 2 0
1 . 3 5  t . 4 2  1 . 4 4
2 .55 2 .62 2 .64

1 . 1 0  1 . 0 5  1 . 0 5
1 . 7 0  r . 7 7  r . 7 6
2  .80  2  . 82  2 .8 r

Plagioclase

Abr-zAngs-gs

AbzrAnze

AbsAnrr

AbszAns

Ab6e-71Aq1-2e

AbazAnra

AbelAne

Absg-rooAnr-o

Average

t-32-3r-2

L-Z

L-J

1-3

l-2
2-3
1-3

l-2
2-3
l - J

t-2
2-3
t-3

t-2
2-3
1-3

t-2
2-3
1-3

t-2
2-3
L-3

r-2
2-3
1-3

FeKa

2 . 7  5
-  . 38

z , J l

2 .50
.00

2 . 5 0

2 . 2 3

2 . 7 8

2 .08
.80

2 .88

2.00
1 .00
3 .00

r . 7 5
1 .40
J .  I J

1 . 6 0
1 .90
3.  50

1 . 4 2
2 . 2 5
s .67

1.31i

2 . r 0

1 . 8 1

1  . 9 1
.00

1 . 9 1

r . 7 0
A A

2 . 1 2

1 . 5 9
. 6 1

2 . 2 0

1 . 5 3
. 7 6

2 . 2 9

1 . 3 4
r .07
2.40

1 . 2 2
I . { T J

2 . 6 7

1 . 0 8
t . 7 2
2 .80

r '1 O<\

( .00)
r . l  O ( \

1 .88
.00

1 . 8 8

1 . 6 9
.48

2 . 1 7

1 . 6 2
. 6 5

2 . 2 7

1 . 5 2
. 8 0

2 . 3 2

1 . 3 7
1 . 1 5
2 . 5 2

1 . 1 8
I  .45
2 . 6 3

t . 0 2
1 . 8 3
2 . 8 5

2 . 1 0

1 . 5 8

r . 5 5

1 . 3 4
l . l 7

1 .83

1 .89

2 . t 4

2 . t 8

2 .30

1 . 4 2
2 . 6 2

r . 7 6
2.82

* The readings are in degrees 20.

f Ratio of the dispersion of iron radiation to that of copper radiation in this region.

The distances between the lines in each group were then accurately
measured. For the first two diffraction patterns taken with the spectro-
meter, the counting rate was plotted as a function of counter position'
and the distance between line peaks measured in degrees. For the third
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Tesr.e 3. DrsrANce* BETwEEN rnr LrnBs 4, 5, ewo 6 es OsrerNnn
sv DmleRBNr MrANs

Powder camera Spectrometer Average

Plagioclase

Abr-zAnge-ee

AbrzAnzs

AbsAnss

AbszAns

Ab5e-71Aq1-2s

Abs2Anre

AbsrAng

Abee-1s6An1-s

FeKa

1.3s t

l . t 7
.93

2 . l o

t . ( r /
. 7 4

1 . 8 1

1 .00
. , J

r . 7 2

1 . 0 0
. 5 9

1  . 5 9

. 9 5

. 5 9
1 . 5 4

. 8 1

.63
l . M

1 A

. 50
1 . 2 4

. l u

. 52
t . 2 2

t . 2 0  1 . 1 5
1 . 0 0  . 8 6
2 . 2 0  2  . 0 1

t . 2 0  1 . 1 0
. 7 0  . 7 5

1 . 9 0  1 . 8 5

1 . 0 5  . 9 9
.70  .7 r

r . 7 5  r . 7 0

o <  e 7

.60  .65
1 . 5 5  r . 5 2

.85  .89

.60  .59
1 . 4 5  1 . 4 8

.80  .82

.60  .59
1 . 4 0  t . 4 r

. / J  . l v

. J J  . J J

i . 3 0  r . 2 5

.65

.52
t . t 7

Lines

+-5
J-O

4-6

4-5
5-6
4-6

FeKa

1 . 5 8
t . 2 5
2 . 8 3

I  .4. ' )

1 .00
2 . 4 5

1  . 3 5
.98

2 . 3 3

1  . 3 5
.80

1 . 2 9
.80

2 . O 8

1 . 1 0
. 8 5

1 .95

1 .00
. 6 7

t . 6 7

.95

. 7 0
1 . 6 5

CuKa

1 . 1 5
.98

2 . 1 3

1 . 2 0
.  t J

1 . 9 3

1  . 0 5
.66

. 9 7

.62
1 . 5 9

.95

1 . 5 0

I . r 4

r .02

.91

.81

.  / J

.66

2 . t l

| . 8 7

1 . 7 2

1 . 5 6

t . 4 9

t . 4 l

r . 2 7

1.20

Moto, MTlul

7o/m. 
'."

'  deg.

4=5 5-6 4-6

+-5
J-O

+-6

{F.)

J -O

4-6

.94

. , J

.  l t t

. 5 8

. 5 9

. J J

4F5

5-6
4-6

4-5
5-6
+-6

4-5
5-6
+-6

+-5
5-6
+-6

< i

* The readings are in degrees 20.

t Ratio of the dispersion of iron radiation to that of copper radiation in this region.

pattern, the distance between lines was measured directly on the Brown
potentiometer chart. The films of the powder camera patterns were
measured with a Norelco measuring box without magnification. The
camera used was such that 1 mm. of film corresponded to 10 20, so that
conversion to degrees was simple. The distance between the lines for the
two groups are given in Tables 2 and 3.
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Fro. 9. Distance between lines 1, 2, and 3. These readings are those obtained by using

the spectrometer and measuring the intensity of the difiracted rays every 0.05 degree 20.

The other methods give essentially the same curves.

Rnsurrs

When the averages of the five measurements of the distances between

the lines are plotted as a function of percentage composition, we obtain

the curves such as those in Fig. 9 for the first group, and those of Fig' 10

for the second group. It is immediately obvious that the first set may be

used to determine percentage composition with far more accuracy than

is possible by absolute line position measurement. fn particular, the dis-

4 - 6

c - 6

s -  3

5 - 6

Frc. 10. Distance between lines 4, 5, and 6. These readings are the average of those
obtained by difierent methods and given in Table 3.

ro  20  30  40  50
90 80 70 60 50

60 70  80  90  loo
4 0 3 Q 2 0 l o o

@

A I

A b o r o 2 0 3 0 4 0 5 0
A n  l 0 O  9 0  8 0  7 0  6 0  5 0

60 70  80  90  loo
4 0 3 0 2 0 1 o o

A b o
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tance between the lines 2 and 3 provides a very accurate index which may
be obtained quite rapidly with any type of diffraction apparatus. The
displacements are given in degrees, and hence these curves may be used
in any laboratory.

Tanr,n 4. Accumcv 
"*rH:*HT:j.Tc 

Pracrocrasrs Usnrc rm

Accuracy+

Ab166+.{fuu Ab55+[lo

Percentaget Percentaget

Powder camera, Cu target

Itowder camera, Fe target

Spectrometer, manual, readings
every 0.01 deg.

Spect rometer, manu al, readings
every 0.05 deg.

Spectrometer, motor 1o pm.

+  0 .05 1 a

I-J

2-3

t-2
t-J

2-3

l-2

2-3

+ ) o
3 . 1
1 . 5

2 . 2
2 . 6
1 . 2

0 . 9
0 . 9
0 . 5

1 . 7
1 . 9
0 . 9

2 . 9
J . I

1 . 5

+ 8 . 0
5 . 3
J . l

5 . 4
4 . r
2 . 5

a A

1 . 6
0 . 9

4 . 8
J . J

1 . 9

8 . 0

3 . 1

I-2
1-3
2-3

* The accuracy is given for one measurement; it is greater when three measurements
are made.

t Last figure uncertain.

Should lines 2 or 3 be masked by an impurity then one of the other
curves of Fig. 9 will also give accurate composition data. Ifowever,
since the lines 2 and 3 cross each other, the operator may not always be
certain which one he is measuring, and consequently may have to choose
between two accurate but ambiguous points equidistant from A for
samples containing less than 40 per cent Ab (the minority). In this case
the ambiguity is easily resolved by the curves of Fig. 10, which permit
somewhat less accuracy but immediately indicate in which region of
Fig. 9 the sample is located.
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PnBcrsrow

From Tables 2 and 3 it is seen that the results obtained by the five
recording methods tested agree very well. The spectrometer is seen to be
somewhat more accurate, and is also to be preferred for reasons of ease
and rapidity of analysis. The greater slope of the curves in the high Ab
content region, and the fact that most plagioclases are of this type is a
fortunate coincidence. fn our tests, the least precise results were ob-
tained in measuring low Ab content samples with CuKa radiation in the
powder camera.

Summarized in Table 4 are the accuracies which may be expected from
the measurement of the distance between two lines by difierent methods,
for two different parts of the percentage range. Should more than one
distance be measured, the accuracy will be correspondingly greater, and
in general it is possible to make a composition analysis to 1 per cent by
this simple and rapid method.

Noro or.r Precroclasrs

It has been pointed out by Taylor, Darbyshire & Strunz (1934) that
plagioclases probably do not form a single isomorphous series from
Abl6sAns to Ab6An166, but rather two such series. They base this on their
observation that the c-axis of low Ab content plagioclases is twice that
of high Ab content samples. They explain this by remarking that the
dominant Na ion of albite is surrounded by only 6 oxygen atoms, while
the dominant Ca ion of anorthite is probably surrounded by 7 or 8 oxygen
atoms. This in turn leads them to believe that the transition point be-
tween the series will be around the AbrAnr point, where the nature
of the dominant atom changes.

However, if their explanation is correct, it seems to us that albite
would more easily replace anorthite than vice versa, since the Na atom
would find its 6 oxygen atoms in the anorthite structure more easily than
the Ca atom could find 7 or 8 in the albite structure. fn other words al-
bite will be more soluble in anorthite than the reverse. By the same token
the transition point of the two isomorphous series-from albite solutions
to anorthite solutions-should not be at the AbrAnr point, trut rather dis-
placed so as to show more albite solutions.

The lines of Figs. 9 and 10 all show breaks in the vicinity of 60-70
per cent albite. This supports the theory that two isomorphous series
exist, and that their transition point is displaced towards albite.
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