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Plagioclase Determination through Measurement of the
Extinction Angles in Sections Normal to (010) and (001)

By Paolo Bruni (Zirich) ¥)

With 14 figures

Abstract

On the basis of available optical data of low-T and high-T plagioclases (BUrRI et al.,
1967), a proposal is made for a refinement and extension of the elassical method of An-
content determination by means of extinction angles. Determination diagrams are given
for twin laws with composition plane (010) and (001), which do not. depend on a speeific
2V curve.

FOREWORD
It may be useful to summarize here some general operations.

Distinction between composition planes (010) and (001)

Employing the universal stage, place the composition plane in a vertical
position along N-S. Rotate the microscope stage 45° so that the zone axis is
parallel to n, of the gypsum plate. Insert the plate. If, by rotating on the E-W
axis, the interference colors rise, the composition plane is (010); if the colors
both rise and fall, the composition plane is either (001) or the rhombic section
(RrrTMANN, 1929).

This criterion does not work for very calcic plagioclases, as their optic-axes
plane is oriented in an unsuitable way.

Distinction between the vertical and horizontal lwin axis

When the twin axis is vertical the two individuals show the same birefrin-
gence and appear equally illuminated; by rotating the microscope stage they

*) Institut fiir Kristallographie und Petrographie, ETH-Zentrum, CH-8092 Ziirich.
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remain indistinguishable, because the rotation axis is coincident with the twin
axis and with the direction of observation.

When the twin axis is horizontal there are only two positions in which the
two individuals show the same birefringence and hence are illuminated to the
same extent, namely those in which the twin axis is located in the vibration
planes of polarizer and analyzer. By rotating around the twin axis the structure
of the twin complex cannot be seen.

Identification of the twin laws by means of the extinction angles
of the twinned individuals

In the following, individual 1 of figure 1 will be called original (individual)
and individual 2 twin (individual). The figures are schematic, the contact planes

Albite, A-Ala
E=-E,

1+ ZthII:iT Fig. 1. Extinetion relations
“ #f il for several twin laws. Sec.
i e Tg.‘g:,,.':; tions | a-axis of the original

individual.

—+
T
+

1
B
5

i

are vertical and located N-S, axis ¢ of the original individual is normal to the
plane of the figure, +b is to the right, and the arrows show the directions of the
extinction angles.

a) Ala B: E,; = E,, the twin axis is normal to the plane of the figure.

b) Albite and Albite-Ala: E; = —E,, the twin axis of the Albite law lies in the
plane of the figure along E-W ; the twin axis of the Albite-Ala law lies in the
plane of the figure and along N-S.

¢) Carlsbad: E, > —E,, by rotation of ~ 64° clockwise around the E-W axis,
the twin axis becomes vertical and E; = E,; by rotation of ~ 26° counter-
clockwise, the twin axis becomes horizontal and E, = —E,.
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d) Albite-Carlsbad: E; > E,, by rotation of ~ 26° counterclockwise around the
E-W axis, the twin axis becomes vertical and E; = E,.

e) Ala A: E; = E,, the twin axis is normal to the plane of the figure.

f) Manebach and Manebach-Ala: E, = —E,, the twin axis of the Manebach
law lies in the plane of the figure and E-W; the twin axis of the Manebach-
Ala law lies in the plane of the figure and N-S.

Because of the near-coincidence of the twin axes, the Manebach-Pericline
law cannot be distinguished from the Ala A law within the precision limits
attainable with the aid of the universal stage. For the same reasons the Acline
law cannot be distinguished from the Manebach-Ala law. In the low-T plagio-
clase series with An content around 439%,, y = 90°; hence the twin axes of the
Manebach-Pericline and Ala A laws coincide perfectly, as well those of the
Acline and Manebach-Ala laws.

Determination of the extinction angles

In order to give an unambiguous sign to the angular measurements, the fol-
lowing convention has been adopted (fig. 2): the extinction directions to be
found in a clockwise sense with respect to the reference trace (N-S) will deter-
mine positive extinction angles and vice versa.

The initial data consist of the Becke coordinates (A*, ¢*) for the optical axes
of the original individual with the following orientation:

curves for n/, A (010): the c-axis is vertical, and its positive part points towards
the observer, +b& is to the right;

curves for n;, A (001): the a-axis is vertical and its negative part points towards
the observer, +c is to the right.

1

+
+
N

wave.

b I

Fig. 2, Sign of the angular
measurements.

Fig. 3. Extinection direction in the BEckE
coordinate system. A, B: poles of the op-
tical axes.

+X
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From those positions the crystal has been made to rotate counterclockwise
around the E-W axis at 1° intervals up to 90°: for any explicit rotation degree
the extinction angles have been calculated. Furthermore, for any twin law, the
extinction angles of the twin individual have been calculated. This rotation is
characterized by positive A values. Subsequently, starting again from the same
initial position, a clockwise rotation has been made in the same manner as for
the first case. The latter rotation is characterized by negative A values. Hence
A = 0 when the twin axis is vertical.

The projection of the optical axes on the plane normal to the wave-normal
forme es and ep angles with the reference trace (fig. 3): '

tan ¢

tan @%
= arctan - A.. _ tangy
es = arctan Sin (\F +3)

W’\) ; €ep = arctan
The extinction angle is: E = (es +eg)/2.

The extinction angles with respect to n; are complementary and of opposite
sign.

Even in plagioclase in a well-defined thermal state, 2V is not a characteristic
constant depending on composition; rather, it is a parameter which may vary
more or less widely.

Consideration of this variation in the n,, n, plane means an adoption of two
degrees of freedom for 2V ; consequently its value will not be determined by a
single curve but rather by a family of curves and the 9%,An will not be given
by a point on a curve, but by a curve in the plane.

For any initial value of 2V, a variation from —10° to + 10°, at 2° intervals,
has been considered. By means of the newly obtained extinction angles all the
diagrams of this work have been drawn. The extinction angles of the original
individual are recorded in the ordinates, and those of the twin in the abscissae.

Points with the same 9%,An are united by iso-An curves (thick lines) and
points with the same 2V, by is0-2V curves (thin lines). On both curves the
corresponding 9%An and 2V, values are recorded. Therefore a point on the
diagrams can be determined by three pairs of parameters: (KE,, K,), (E;,2V),
(I, 2YV), where, of course, the determination of (E,, E,) is the easiest.

The complex laws give curves symmetrical to those of the corresponding
parallel laws, about the ordinate axis. For all the diagrams A is positive. If it is
not possible to determine the sign of A, the same uncertainty will affect E, and
K, too.

The more reliable diagrams are those in which the iso-An curves are widely
spaced from each other and slightly inclined relative to the iso-2V curves. On
the diagrams % An at 5%, -intervals are recorded: intermediate values are ob-
tained by interpolation. The A values were chosen in such a way as to give the
most reliable and useful diagrams.
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Errors affecting the measurements

The systematic errors, which are related to the skill of the observer and to
the quality of the instrument, include:
1. error of N-S alignement of the reference trace;
2. error of verticality in the orientation of the reference plane;
3. error of A.

If we consider a parallel-law twin, such as Carlsbad, and suppose that each
of its individuals is in turn twinned according to the Albite law (fig. 4), error 1

maN

=
KA
Z
Z
A
A'}i'tA"'
Fig. 4. Carlsbad twin with both indivi-
duals exhibiting Albite twin lamellae. Z
=
RN~ 355

can be eliminated and 2 largely compensated by determining the extinction
angle of the original individual (E;) and of its twin (E,) in the following way:

E Azi = E Azl:
——*’—2 .

E, = #EAI’;EAl”, E, =
E; , Egs being the extinction angles calculated with a vertical reference plane,
iEgy—E; | and | Eg, — E, | are so small that even for a + 3° tilt of the reference
plane they turn out to be less than 0.1° for any An in all determination dia-
grams shown in this work.

An example will make clear what is meant by making use of a normal law:

high-T, 609%An, Carlsbad + polysynthetic Albite, A = 30, tilt = +3°.
| 20.7156° — (— 34.3769°)

E, 5 ) — 32.0462°,
-9, °—5.2319°

g, _ — 99057 : 52819° . eese

E,y, = 31.9484°, E,, = —7.5260°,

Error 3 is largely compensated by determining (if possible) the extinction
angles in the following way:
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E () +E(—A)

_BEQ+E (A
2 2 - .

2

E, = E,
An example: high-T, 40%An, Carlsbad, A = 30 ( £ 2°), namely actual A = 28
or 32.

_20.9191°+19.1102°

E, = 5 = 20.0146°,

= _1.58842— 0.6354° —1.1119°,

The values calculated for A = 30 are:

B, = 20.0253°, E, = —1.1131°,

Corresponding errors: 0.0107° and 0.0012°.
Compensation relations for errors 1, 2, 3:

C BarM)—FEap() | Bay(=A)—Eap (=)
— + ’
4 4
_ EAQ’ (A) - EAz” (}‘) EA1' f == A) - EAI"( - )‘)
= — i -+ 4 ,

E,

E,
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Diagrams

Legend: E,: extinction angle of the original individual ;
E,: extinetion angle of the twin individual;
A: angle between twin axis and observation direction;
thick lines: 9, An;
thin lines: 2V,

The complex laws give curves symmetrical to those of the corresponding parallel laws, about
the ordinate axis.



—8t +

Plagioclase Determination in Sections Normal to (010) and (001)

|
1

Io)]
d

I
%

—
|
—
|
T
|
%/
P A

QY

|
\

i
()]
o

-,

!

|

///,__.L——/
P ! S

Carlsbad
A=30 I~

55

50

45

40

35

30

25

20

15

Fig. 5. Carlsbad and Albite-Carlsbad, A = 30, low-T.

|
[32)
T

45



46

P. Bruni

85-90

%/

v

55

50

45

40

35

30

> %

25

N

AN

(-n/ L1

\

Carisbad

A=30

—
Pz

Fig. 6. Carlsbad and Albite-Carlsbad, A = 30, high-T.




Plagioclase Determination in Sections Normal to (010) and (001) 47

0 50
=3 85
ag 80
80 .
175 e 45
7
7O 0
i \\\ L0
65
65 N
N B0
BYNAY 35
60 Q 55
! k50 H-T
5':J) :_— \ 15 30
| L-T A 40 =
50 25
AN N\
451N A 35
N\
ppaIEER\WIES
| Carlsbad N 30
35 125
A=45 3
‘ AN
30 szo
N\
J ' ] I
23 ‘\ ~5 1(:)
i 1 +
TR i
\zm
=30 -25 -20 -15 -10 -5 :
E, \l15 P
-5 !
1
\ o
10 DNt
"N

Fig, 7. Carlsbad and Albite-Carlsbad, A = 45, low-T and high-T.



48 P. Brunt
95, | 45
S Us
i Q |
85 =75
. S 40
0
7
165
c \‘::\ 60 35
. GU _55 -
\ - H-T
| 30
55 WY 45
~
50 Ve E,
J 25
. _4|_5 \&GhBS
- "
100 %T 7(';%\ N
N YN 9 20
N ke J
35 ﬂl;"ar;a vk\ 25
Carlsbad 30 %ie . 15
[n,] A(010) L[100] T Ry 7O
N
K510
X N
25 \
\ AN
A 5 L1 \
i AAWLAO
N
\ A
-30 -25 -20 -15 -10 -5 yA 5 10
E N &_5
2 5N\
15
\
|
1
T l ﬂ
- 5
-15 o) ‘10

Fig. 8. Carlsbad and Albite-Carlsbad, n}, A (010) 1 [100], low-T and high-T.



49

Plagioclase Determination in Sections Normal to (010) and (001)

} M
"L-40L 08 = { ‘€ BIV-ONqIV PUE g BV ‘6 FiL T
S- NG
4
i
0tL- \uw N
- yaman
. s
= —
S 0S SY 0Y S€ 0 SZ 0Z G Ol 5~ oL
Qe+ |
_ s
s
NI.
0E=X
OF o
d DIV e
e
| LT Si
11 B 0T Fm_
BN ENIE G b Ol Lo e
TTHSS T i 4 0
~ |_“WOD ] .\a\
-I,mtv T %4
J/ ANEEp=
/. L T pm\\,. o€
08 B
ﬁ-mw . -
: SE
o

Ly
o~
[+;]

|
I
I




50

35

30

25

P. Bruni

VA

VAN
ALS

AVA

s

% )
70

71

20

Fig. 10. Ala B and Albite-Ala B, A = 30, high-T.

TR
—O




51

Plagioclase Determination in Sections Normal to (010} and (001)

“L-40[ ‘gF = Y BIV-0IIqIY puR g B[V "I 'Sl

P

~ O

7
k; \\ JD
4 p ANEN
3 A 4a-ae
09 qS 0§ Vi 0y GE o€ T4 0¢ Gl ol g / m_.._u
/
| | 7
* 7
| é g
i p— \ £ o
ﬁ Y=\ 1/ o
_ 7 TGE oL
| D 7 ARy
| 8 DIV | A0
| | | 715y 5l
| 1-1 | )7 n L
: 1 72 - m
| , o m 0z
| | TS89 NERNEZ _ 5
| ,ﬁ | \oﬁ_ \U\\\Hﬂn\\
- SR AE======cc: Gaune =
| e
-+ et L 0€
58— =
T GZE



P. Brum

“L-UBIY “¢F = Y ‘¢ RV-ONq[V PUe g eIV ‘&I St BRI
7
0l
Nm GhHHs
0S qY 0Y GE 0t T4 02 m_‘ldme _\\ =
4
‘mN EERNE
[
, 1O€ y
mun | Im y
| imws4
m U_< c “am ]
0
1~H TSG T
9
| Jane e
L \\Mﬁoﬂ 1 \\\\
\m an —F |
|+ \H L1 1

52




Plagioclase Determination in Sections Normal to (010) and (001) 53

|
1.1 [
\ R 30
/‘2;;‘_
Ok 4 2
F 3N
EEN VNS 20
7"1f0 AN E1 L-T
R N S
I Ala A
IRECR. 10
i }gx A=75
o s
! AN T
| !
T | [ | w | ;
20 15 1044 "5 10 15 20 25 30 35

AN

80 ]
A f i ‘ |
RS ERAS S a .ad—tjf | | |
TN |
O déT"" \ ‘
[EEaE os o eacol N |
- 720* [l =8 : \510 L L i [
T e T
Sesec=—==nal-an il
-25 | - RS |
T T T o ua
A T 80 T 1
_30 . o _4—"71” ] i ~ Porae ~\ 6j5 ! i | 5
Lny i {751
e o : | i !L} [‘;r},_,;_f : Q‘ Sf_
: A I S
=35 | — - - Ty _L,,_?? T

Tig. 13. Ala A and Manebach-Ala A, A = 75, low-T.



54 P. Bruni

15
Ll
0T E, H-T
{5 10
1 I la
]&j"ﬁi- 5 Ala A
DR 20/ =
TEOA A=75
Tl T
T 1 ] | I | | | { [
ol s 1 6 20E 25 30 35 40 45
L el | i
uinany Eeing DI BN N !
: . j i H
: ' | | |
B 10 AV | |
17785 ;g\T k|Q*CI.L;,¢4 | | |
NN °*§1 /7‘_,\ BESS i ‘
AN s | g
BB A aw s =t AuRE |
J'Lw : it 3 : 3‘ | )
g e
* T ] J_[_Q., ,\\, i gslﬁwf T-—— | : {}
B =
— ] 6° ‘ié” ST
b = 7§ ) RIS A S !
-30 ‘ S e
Eea—==s=—sawy mdl
e i i g
_ e R g0
42 T T P95
17 Py 100
-40 | —

Fig. 14. Ala A and Mancbach-Ala A, A= 75 high-T.

Bibliography

Buggi, C., R. L. PARKER und E. WENK (1967): Die optische Orientierung der Plagioklase.
Basel, Birkhiuser.

FranzIiNi, M. (1965): Sulla determinazione della composizione e dello stato termico dei
plagioclasi geminati Albite-Karlsbad. Atti della Soc. Tosc. Se. Nat. Serie A, Vol.
LXXII.

Rrrrmanw, A. {1929): Die Zonenmethode. SMPM 9, 1-46.

Tosi, A. C. (1975): Optical determination of the An content of plagioclases twinned by
Carlsbad-law: a revised chart. Am. Jour. Sei., Vol. 275, 731-736.

Manuscript received September 26, 1975.



	Plagioclase determination through measurement of the extinction angles in sections normal to (010) and (001)

