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The optical orientation of labradorite from County 
Down (Ireland) deter'mined by the Fedorov metl~od. 

~ y  W. CAMPBELL SMITH, M.C., M.A. 

Assis tant-Keeper  in  the ~[ineral Depar tment  of the Brit ish Museum 

(Natura l  History). 

[Read January 17, 1928,] 

L A B R A D O R I T E  of exceptional puri ty,  occurr ing as phenocrysts in  
two basaltic dikes jus t  below the l ighthouse a t  St. John 's  Point ,  

Ardglass, County Down, Nor thern  I re land,  was described by Professor 
A. Hutchinson and myself in 1912.1 The reft~active indices for sodimn- 
l ight  were determined on an Abbd-Pulfr ich total-reitectometer.  Carefully 
selected mater ial  was analysed by Mr. G. G. Kn igh ton  and by M r. M. C. 
Burk i t t ,  and the specific gravi ty  of the mater ial  analysed was determined.  
The  results obtained were as follows : 

Composition, Abs3Ans2Or 5. 
Specific gravity compared with water at 4 ~ C., 2-706. 
Refractive indices for Na-light, a 1-5630~ ~ 1.5665, -f 1.5712. 
Optic axial angle, 2V 81 ~ 48' (cale. from refr. indices) ; opt. positive. 
Angle measured between cleavages (001) : (010) = 85 ~ 57'. 
E:~tinction-angles measured on cleavage fragments : 

on c (001), --11 ~ to trace of b cleavage ; 
an b (010), --23 ~ to trace of e cleavage. 

I n  1928 S. Tsuboi, 2 working on the  same  felspar, reme~sured the 
refractive indices for a var ie ty  of wave-lengths, a n d  also determined 
t he  positions of the optic axes A and B in two sections of which the 
or ienta t ion was known.  He  obtained : 

u 1.5623, B 1.5663, .y 1.5713. 
2V 83 ~ 52'~calculated from refractive indices). 
2V 83 ~ 45' (calculated from positions of A and B). 

(For k ffi 589-3 #p (,Na) at 21.5 ~ C.) 

1 A. Hutchinson and W. Campbell Smith, On serieite from North Wales and 
oh penninite and labradorite from Ireland. Min. Mag., 1912, vol. 16, pp. 267- 
271. 

2 S. Tsuboi, Optical dispersion of three intermediate pla~oelases. Min. Mag., 
!923, vol. 20~ pp. 101-107. 
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To these data are now added determinations of the optic orientation 
and the optic axial angle made by the Fedorov method as developed by 
Nikit in,  1 Duparc and Reinhard, ~ and Berek2 ~easurements  have b e e n  
made on fifteen phenocrysts contained ir/ three thin sections from the 
rock-specimens which supplied the material  for analysis. On five of 
the phenocrysts measurements of extinction-angles have also been made. 
The apparatus used is the large universal revolving stage constructed by 
the firm of Ernst  Leitz, Wetzlar, Germany, and fitted to a Leitz polarizing 
microscope (Stand GM) with rotat ing stage. Hemispheres of refractive 
index 1.554 were employed. The il luminant was a 58 candle-power, 
100 watt  gas-filled Stella ]amp used with a water-filled 600 c.c. flask as 
condenser, and screened with blue-tinted tracing-paper, 4 the il lumination 
being controlled on the lines recommended by ~[. Berek2 

The notation adopted in recording the mea.surements is almost identical 
with that  used in the memoir by Duparc and Reinhard, and by ~ .  Gysin 
in his recent papers. The principal vibration-directions are represented 
by  ha,  n B, ~"1, corresponding to up, n m, and ng of French authors. 

Pairs of individuals of normal hemitropes (e.g.  albite twin) are 
indicated by 1 and 1', 2 and 2", and the optic axes A and B in individual 1 
are represented by A '  and B t in individual 1". Pairs of individuals in 
a parallel hemitrope (e. g. Carlsbad twin) are indicated as 1 and 2, and 
the twinned position of the optic axes A and B by A 2 and B ~. 

Twin-axes are represented by T-A (corresponding to 1I of Berek and 
A of Gysin) and poles of planes of association are denoted by P :  
e.g. T-A~_~, means the twin-axis of individuals 1 and 1' ; P~_.., the pole 
of the plane of association of the two individuals 1 and 2. 

The results of the measurements are given in terms of the co-ordinates 
of the poles of twin-axes and planes of association with reference to the 
three principal vibration-directions of the two individuals of a twin, and 
the mean of the two sets of co-ordinates is taken ; c.g. T-AI_~p (1) means 

l W. W. Nikitin~ La m6thode universelle de Fddoroff. French translation by 
L. Duparc and V'. de Delwies, Gen~ve, Paris, and Liege, 1914, 516 pp. and atlas. 

2 L. Duparc and M. Reinhard, La ddtermination des plagioclases dans les 
coupes minces. M(im. Soc. Phys. Hist. Nat. Gen~ve, 1924, vol. 40, pp. 1-149, 
59 text-figs., 18 pls. [Min. _&bstr., vol. 3, P. 34.] 

s M. Berek, Mikroskopische Mineralbestimmung mit Itilfe der Universal- 
drehtischmethoden. Berlin, 1924, 168 pp, 55 text-figs.: 7 pls. [Min. Abstr., 
vol. 2, p. 365.] 

4 ~Bluish glaucous'; see R. Ridgway, Color standards and nomenclature. 
~Vashington, 1912, pL 42. 

5 Loc. cir., p. 88. 
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that  the  co-ordinates of the twin-axls  be tween 1 and I p are measured 

on to the poles of ha, nil, nv, for individual  1. 

These co-ordinates can then be plot ted on a stereographic project ion 

drawn on tracing-paper,  and identical  in d iameter  wi th  the  projection 

d rawn  by Duparc  and Re inha rd  (loc. cir., pl.  9) which gives the era-yes 
of migrat ion of the  poles of twin-axes,  planes of association, and crystal-  

faces of the plagioclase series plot ted with  reference to ha, nil, and n~ as 
axes. 

The twin-axis will  be found e i ther  to coincide wi th  the  pole of the 

face of association (normal hemitropo) or to lie in the plane of the face 
(parallel  hemitrope or  complex 1). Th is  decides the  kind of twin-law. 

By supe2Tosing the  projection on which the posit ion of t h e  twin-axis  has  

been plot ted  on the Duparc  and Re inhard  d iagram one can find on wldch 

of  the  migra t ion  curves any points  p lo t ted  fall, and thereby determine 

conclusively the na ture  of the twin- law or t h e  indices o f  a face, and a t  

the  same t ime obtain a fairly close es t imate  of the composition of the  

felspar. I n  some cases the  projections m i g h t  be capable of more than 

one possible solution, and i t  is impor tan t  to obtain the co-ordinates of as 

many poles as possible in order  to test  the  completeness of the  coincidences 

of poles and curves.  I n  the  ex t remely  simple e x a m p l e  now under  

consideration these difficulties do not  arise. 

The  results  for the  poles of  the t w i n - a x e s  are  of a h igher  degree of 

accuracy than those for the  poles of planes of association, and the la t te r  

are  recorded chiefly as proof of the  nature  of the twin- laws involved. 

Crysta~/.--Part of a Iarge crystal with numerous parallel twin-lamellae be- 
longing to four individuals. :No satisfactory measurements were made on one 
s e t  (2-2') as the lamellae were exceedingly thin. 

n a. nil. n 7. 
(1) ... +73 ~ + 62 ~ --35 ~ 

~ - 2  1 (1') ... +73 --61 +35 
Mean ... 73 61�89 35 
(1) ... + 75 + 60 --35 

P1-1' (1") ... + 70 + 63�89 - 35 
Mean ... 72�89 62 :35 
(1) ... +59�89 - 3 5 � 8 9  - 7 3  

T-A1_ ~, (2') ... + 59 -- 35~ -- 75 
Mean ... 59�88 35�89 74 

P1-2 (2 t) ... + 72 + 65 -- 31 

T-A1_ 1, coincides with P,-I '  ; 
�9 ". a normal hemitrope ; 

T-A1_ ~, found to correspond 
with albite twin-axis, and 
P~_~, with (010). 

T-A1_ ~, found to be twin-axis 
of alblte-Carlsbad complex. 

(olo) .  

u 41~ VI' 3 ~ , V~, 40�89 ~ Average for 2V 79 ~ corresponding to 58�89 ~o An. 
Maximum extinction-angle in zone perp. to (010), 35.2 ~ 

1 ~ Complex' : term used by Fedorov for a combination of a normal hemitrope 
with a p a r a l l e l  hemitrope having the s a m e  p l a n e  o f  association. 
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C,'~.ls'~al 2 . - - S e c t i o n  n e a r l y  n o r m a l  to (010), Showing  l a m e l l a e  b e l o n g i n g  to  t w o  
i n d i v i d u a l s .  

n a. nB. n 7. 

( (U ..- + 7a~ - 6 1 ~  + 3~~ 
T-A1_ 1, J (1') + 7 4  - 6 2  + 3 3  

I Mean  74 61�89 33�89 

{ (1) ... + 75 --64, + 3 2  
~1 ~ + 7 3  - -58  + 3 6  
Mean  ... 74 61 34 

T-AI_ 1, co inc ides  w i t h  PI_I ~ 
a n d  is t h e  t w i n - a x i s  of a n  
a l b i t e  t w i n .  

V i 43 ~ V 1, 42 ~ A v e r a g e  for 2V 85 ~ c o r r e s p o n d i n g  to  63 ~ An.  
M a x i m u m  e x t i n c t i o n - a n g l e  i n  zone  perp .  to  (010~, 34 ~ 

Crystal 3.~--Large p h e n o c r y s t  s h o w i n g  a C a r l s b a d  t w i n ,  b o t h  i n d i v i d u a l s  of  
w h i c h  a re  t w i n n e d  on  t h e  a l b i t e  l aw,  a n d  one of  t h e m  s h o w i n g  a lso  l a m e l l a e  
w h i c h  w e r e  p r o v e d  to  be p e r i e l i n e  (or  ~ a c l i n e - A ' ) .  The  c r y s t a l  is  r a t h e r  
s t r o n g l y  zoned.  S a t i s f a c t o r y  m e a s u r e m e n t s  w e r e  o b t a i n e d  o n l y  on  t w o  in -  
d i v i d u a l s  of t h e  Ca r l sbad  t w i n .  

ha. n B. n 7. 

(1) ... + 3~ ~ + 70 ~ + 59 ~ T-A1_ 2 t w i n - a x i s  of C a r l s b a d  
T-A1_ 2 (2) ... + 88 -- 69 + 59 t w i n ,  a n d  l i e s  i n  t h e  p l a n e  

M e a n  ... " 3 8  69�89 59 PI-~. 
P1-2 (2) ... - 7 4  +61  + 3 3  (010". 
Y2-a- (2) ... - -66  + 4 7  - 5 2  P~-s p l a n e  of  assoc,  o f  por i -  

r  t w i n  (or  ac l ine -A) .  

V 1 43 ~ V~ 38 ~ A v e r a g e  for  2V 81 ~ c o r r e s p o n d i n g  to 59�89 % A n .  
A n g l e  b e t w e e n  op t i c  axes  B a n d  B 2 i n  two  i n d i v i d u a l s  of C a r l s b a d  t w i n ,  52 ~ 
A n g l e  b e t w e e n  t h e  p l a n e s  of t h e  op t i c  a x e s  i n  t h e  s a m e  t w o  i n d i v i d u a l s ,  39 ~ . 
M a x i m u m  e x t i n c t i o n - a n g l e  i n  zone  pe rp .  to  (010), 37 ~ 

Crystal 4 . - - A  s m a l l  c r y s t a l  w i t h  v e r y  r o u n d e d  co rne r s  s h o w i n g  a l b i t e  a n d  
p e r i c l i n e  l a m e l l a e .  T h i s  c r y s t a l  d id  no t  afford v e r y  a c c u r a t e  m e a s u r e m e n t s .  

ha. n B. n 7. 

(1) ... - -75  ~ +61  ~ _ 3 3  ~ 
T-A1_ 1, (1 ' )  ... - 78 + 60 - -32  

~ean ... 7(~ 60�89 32�89 

P1-1'  ) -- 77�89 + 60 -- 32 
t M e a n  77 60�89 32�89 

(1) ... +48  +75 +46  

T-AI__o (2) ... + 48 + 75 + 48 
M e a n  ... 48 75 47 

PI-~  (1) ... + 66 - 44 - 53�89 

V l  " - I o  8 , u ,  c o r r e s p o n d i n g  to  52 % An .  

T-Ax_ 1, t w i n - a x i s  of  a l b i t e  
t w i n ,  c o i n c i d i n g  w i t h  P1-1' 
(010). 

(010). 
T-A1_ 2 t w i n - a x i s  of p e r i c l i n e  

(or a c l i n e - A  t w i n ) .  

PI-~ p l a n e  of  assoc, of  pe r i -  
c l i n e  (or  ae l ine -A) .  

Crystal 5 . - - P a r t  of a Iarge  p h e n o c r y s t  s h o w i n g  t w i n n i n g  on  a l b i t e  a n d  C a r l s b a d  
l aws .  
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T-AI_ ~ 

na" ~B" n~/. 

( l)  ... +3(;�89 ~ +71 ~ +(;1 ~ 
r2) +'}7 +(;9 +60 
Me-in ... :}7 70 60�89 

{ ( 2 )  . . .  + 7 : )  + 6 0  - : }6  

�9 A ... r -  2-~, (2') + 72�89 + 60 - 3 ( ;  
Mean ... 73 60 36 

T-At_ 2 was  found to l ie in t h e  
p lane  of Pt-2, and  to be a 
twin-ax i s  of a Car lsbad 
twin�9 

T-A2_ ~, was found to be nea r ly  
eo inc iden t  w i t h  P1-2, and  
to bea  twin-ax i s  of an a lb i to  
tw in .  

�9 - l o  , )  l o  Vt �9 , V,z 40 ~ V~, o8~ . Average  for 2V 77 ~ corresponding to 56 ~o An. 
Angle  between the  p lanes  of t i le  optic axes in  1 and  2, 40". 
Angle  be tween the  optic axes B and B ~, 55 ~ 

,, ,, ,, ~, B ~ a n d B  2p, 53 ~. 
, ~, ~, ~, B a n d B  ~ , 1 4  ~ 

Crystal 6 . - - P a r t  of a large phenoc,:yst  bounded by faces of the forms (010), (110), 
(100), showing  a lbi te  lamel lae .  Sat isfactory r ead ings  were ob ta ined  on ly  for t he  
pole of the  albi te  t~ ' in-axis .  

na" nB" ~7" 

(1) ... +72�89 ~ --61 ~ +35 ~ 1)t_l, was  found to be nea r ly  
T-At- t' ( l ' )  ... + 72�89 -- 61 + :)5 co inc iden t  w i t h  T-AI_v, 

Mean ... 72�89 6t  35 wh ich  is an  a lb i te  twin~ 
axis. 

2V t 73". 2V~ (measured on ano the r  par t  of the crys ta l )  79 ~ 
Average for 2V 76 'J, cor responding  to 54 ~ An. 

Crystal 7.--A phenocrys t  w i t h  rounded  edges s how ing  a lbi to  lamel lae .  P a r t s  
of edges, and  patches  nea r  centre,  of s l i g h t l y  different  composi t ion  to the  m a i n  
par t  of the  crystal .  From m e a s u re m e n t s  made on the  m a i n  par t  : 

ha. n B �9 n 7. 

( t )  . . .  - ( ; s  o + ( ; 1 � 8 9  ~ + 3 7 � 8 9  ~ ( 
J ( l ' )  . . .  + o 8  +(;1�89 +:)7 

T-A1-*' "( Mean ... 68 61�89 87 

This  c rys ta l  gave good read ings  for 2V. 2V t m ' l in  par t  84 " ; edge and pa tches  
74~ ~ V F m a i n  par t  41~ Average  for 2V il l  m a i n  pa r t  8:)~ corre,~p0nding tr> 
61~ ~ f in .  

Angle  between optic axia l  p lanes  in  1 and  1' in  m a i n  par t  of crystal)  57 ~ 
Angle  between optic axes A and  A'~ (;4 ~ 
Angle  be tween optic axes A a nd  B', 65% 

Crysled 8 . - - P a r t  of a phenocrys t  showing  m a n y  very  t h i n  a lbi te  lamel lae  and  
one s l i g h t l y  broader on w h i c h  m e a s u r e m e n t s  were made. The measu remen t s  
are not considered to be very  re l iable  as difficulty was exper ienced  in loca t ing  
the  p lane  of v ib ra t ion  _Ln a in t im lamel lae .  

na.  n B. n 7.  

(1) ... --71 ~ +60~ --3(;'~ P l - t '  was found to be nea r ly  
T-At_ l, (1') [ + 7 0 ]  --61 +3(; co inc ident  w i t h  T-At_t, , 

Mean 71 60�89 :)6 wh ich  is an a lb i te  t w i n -  
axis.  
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V 144  ~ , V 1,44 ~ . A v e r a g e  for 2 V 8 8  ~ , c o r r e s p o n d i n g  to 6 6 ~  An .  
A n g l e  b e t w e e n  op t i c  ax i a l  p l a n e s  i n  1 and  1', 5S ~ 
A n g l e  b e t w e e n  op t i c  axes  A a n d  A',  72 ~ 
M a x i m u m  e x t i n c t i o n  i n  zone p e r p e n d i c u l a r  to (010), 38 ~ 

Crystal 9 . - - P a r t  of a p h e n o c r y s t  s h o w i n g  a l b i t e  l a m e l l a e .  

na" n B" ~,.1" 

(1) ..." + 67~ + 62~ -- 37�89 ~ PI-~'  w a s  found  to  c o i n c i d e  
T-A1_ 1, (1') ... +67  + 6 2  --37�89 w i t h  T-A1_ l, w h i c h  is  a n  

Mean  ... 67 62 37�89 a l b i t e  t w i n - a x i s .  

2V1 87~ Vl '  44~ (approx.) .  A v e r a g e  for 2V 87�89 ~ c o r r e s p o n d i n g  to  66 ~ A n .  
A n g l e  b e t w e e n  p l a n e s  of op t i c  axes  1 -- 1', 57~ 
A n g l e  b e t w e e n  op t i c  axes  B a n d  B' ,  35 ~ 
A n g l e  b e t w e e n  opt ic  axes  A a n d  B ' ,  6~ ~ 

Crystal 1 0 . - - P a r t  of  p h e n o c r y s t  s h o w i n g  a lb i to  l a m e l l a e .  M e a s u r e m e n t s  n o t  
~ 'ery r e l i a b l e  as  t h e  p o s i t i o n  of t h e  p l a n e  .L n a i n  i n d i v i d u a l  1' cou ld  no t  be con-  
f i rmed .  

ha. n B. n3,. 

(1) ... - 7 6 ~  +60~  + 3 2 ~  P1-1' is  n e a r l y  c o i n c i d e n t  
T-A1_ 1, (1')  ... -- 74 + 60 - 36 w i t h  T-A1_ 1, w h i c h  is  a n  

M e a n  ... 75 60 34 a l b i t e  t w i n - a x i s .  

V 1 45 ~ V 1, 40 ~ A v e r a g e  for  2V 85 ~ c o r r e s p o n d i n g  to  63 ~o An .  
A n g l e  b e t w e e n  opt ic  a x i a l  p l a n e s  of 1 a n d  1', 59 ~ 
A n g l e  b e t w e e n  op t i c  axes  A '  a n d  B, 55 ~ 
~ a x i m u m  e x t i n c t i o n - a n g l e  i n  zone  p e r p e n d i c u l a r  to (010), 35.5 ~ 

Crystal 1 1 . - - A  p h e n o c r y s t  w i t h  r o u n d e d  edges  s h o w i n g  a l b i t o  l ame l Iae .  
s i m i l a r  to c r y s t a l  7. 
p o s i t i o n  to  m a i n  pa r t .  

(1) ... 

T-A1_ 1, (1')  ... 
M e a n  ... 

V~ 40�89 ~ 2V 1, 81�89 

V e r y  
P a r t s  of edges  a n d  p a t c h e s  i n  c e n t r e  of  d i f f e r e n t  corn- 

F o r  t h e  m a i n  p a r t  of t h e  c r y s t a l  : 

n a. nil .  n.}. 

+ 68�89 ~ + 61 ~ + 38 ~ 1)1_1, co inc ides  a p p r o x i m a t e l y  
- -68  +60�89 + 3 7  w i t h  T-A1_ ~, w h i c h  is  a n  

68 61 37�89 a l b i t e  t w i n - a x i s .  

A v e r a g e  for  2V 81 ~ c o r r e s p o n d i n g  to  60 ~ An .  
E x t i n c t i o n  in  s ec t ion  _1_ n 39�89 ~ ..fl 
A n g l e  b e t w e e n  op t i c  a x i a l  p l a n e s  of 1 a n d  1', 59 ~ 
A n g l o  b e t w e e n  opt ic  axes  A a n d  A' ,  66 ~ 
A n g l e  b e t w e e n  opt ic  a x e s  A a n d  B' ,  61 ~ 
F o r  edges  a n d  i r r e g u l a r  p a t c h e s  i n  t h e  c e n t r e  t h e  c o - o r d i n a t e s  a re  : 

n a. n B . n y. 

(1) ... + 7 3  ~ +61  ~ + 3 6  ~ 
T-A1_1, (1')  ... - 71 + 60 + 36 

M e a n  ... 72 60�89 ;36 

A l s o  for t h e s e  p a r t s  of t h e  c r y s t a l  : V 139 ~ 2V 1, 78 ~ c o r r e s p o n d i n g  to  56�89 ~ An .  
E x t i n c t i o n  i n  s ec t i on  _l_ nT,  42�89 ~ 
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Crgst~d 12.--Part of a phenoeryst showing twinning on a lb i te  and Carlsbad 
laws. 

~a" Us. n 7. 
"I'-A 1_.~ (1) ... 41 ~ 6-5�89 ~" 57�89 ~ T-As_ 2 is found to lie in th'e plane 

P1-2 ; it is a Carlsbad twin-axis. 

No other measurements of co-ordinates were obtained on this  section. 
V 1, 38 ~ V 2 40 ~ Average for 2V 79 ~ eorrosp'~nding to ,57�89 ~ An. 

The co-ordinates  wi th  reference  to the  v ib ra t ion -d i r ec t ions  ha, n B, aT, 

.of t he  a lb i te  twin-ax i s  pe rpend icu la r  to (010)  were ob ta ined  from ten  of 

the  c rys ta l s  measured.  The a r i t hme t i c  means  of the  values  are 

ha. nB" ~7" 
71 ~ 61 ~ 36�89 ~ 

va r i a t ions  _+ 4 ~ + 1 ~ + 2 ~ 

P lo t ted  on a l a rge  size s te reograph ic  net,  ~ these  poin ts  tbrm a g roup  

~ f  seven of which  tlae cent re  of mass is abou t  

73 ~ 61 ~ 35 ~ 

a n d  a smaller  g roup  of  t h r ee  (crysta ls  9, 11, ~md 13) wi th  cen t re  of 

mass a t  
68  ~ 61�89 ~ 37�89 ~ 

W h e n  referred to the  d i ag ram of Dupare  and  l l e i n h a r d  (lee. eit.,  p]. 9)  

these  po in t s  a re  found to lie near  the  p a r t  of the  curve  fox' (010)  which  

.corresponds to a b o u t  65 An,  b u t  the)- all  lie off t he  ac tua l  curve  on the  

side n e a r e r  the  cen t re  of projec t ion.  

M. Gysin  o and  o thers  have  r e m a r k e d  previously  on the  fact  t h a t  the  

p ro jec t ions  of (010) ,  p lo t t ed  from a g rea t  n u m b e r  of de t e rmina t i ons  of 

basic plagioclases, a r e  found to be well  to the  r i g h t  of the  eurk'e for (010)  

a s  or ig ina l ly  d r a w n  in the  D u p a r c  and  .Re inhard  d i a g r a m .  F u r t h e r  

measu remen t s  on analysed  fe lspars  may prove  t h a t  the  curve  needs s l igh t  

correct ions ,  b u t  i t  is p robab le  t h a t  these  d i sp lacements  towards  the  cent re  

�9 of  t he  project ion are  due to the  influence of po tash .  

Values  for V, ha l f  t be  opt ic  axia l  angle,  were ob ta incd  fi-om ever), 

x A stereographic net  with  six-inch radius and graduated to single degrees is 
printed at  the Universi ty Press, Cambridge, for the Mineralogical Department  
of the Univel~sity. This is reduced by permission of the Hydrographic Depart- 
ment  of the United States Navy from the net prepared in 1888 by the late 
.Admiral C. D. Sigsbee. 

M. Gysin, Note sur l 'dtude de quelques caractbres des plagioelases. Compte 
Rendu Soc. Phys. Hist. Nat. Gen~ve, 1922, vol. 39, p. 73. 
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crystal, ihirty-elght measurements Leing recorded. The average of 
these is 41 ~ hence 2V 82 ~ The crystals are optically positive. 

The variation in composition among the phenocrysts examined is 
indicated by the percentage of anorthite deduced from values 2V using 
Duparc and Reinhard's curves (loc. cit., p. 12, fig. 2). I t  ranges from 
52Z An on the acid borders and patches of crystal 7 to 66 % An in 
crystal 8. Differences of composition of the same order have been 
recorded for phenocrysts in basalts both by. 3I. Gysin in a basalt 
from Madagascar and by A. Borloz 1 in tholeiites fi'om the UraL 
Mountains. 

The results of the chemical analyses by Knighton and Burkitt may be 
taken to represent the average.composition of the phenocrysts. Conse- 
quently the average values of the Fedorov measurements for (010) and V 
may be taken to represent accurately thcir correct values for a plagioclase 
of the composition Ab33An~Ors. 

The co-ordinates for (010) and the values of V were the only data 
which were obtainable from all of the crystals examined. Two vames 
were obtained for the co-ordinates of the Carlsbad twin-axis and one for 
the complex albite-Carlshad. Such isolated measurements on one or two 
crystals cannot be correlated with the average composition obtained by 
analysis. 

Other values which were measured on four or five crystals are: 
Angle between opt ic  axes :B and I~' in two individuals of an albite 

twin, 49 ~ ; thi~ being the average for five crystals for which 2V averages 
81�89 ~ corresponding to 60 ~ An. 

Angle between the optic axes A and B'  in two individuals of au albite 
twin, 61 ~ ; this being the average for four crystals for which 2V averages 
84�89 ~ corresponding to 62�89 ~: An. 

Maximum extinctionrangle in zone perpendicular to (010), average 
36 ~ for five crystals; for which 2V averages 88 ~ corresponding to  
61�89 Z An. 

As regards the frequency with which the three twin-laws albite, 
Carlsbad, and pericline appear, the results show that, of fifteen crystals 
examined, all show albite twimling; one shows albite, Carlsbad, and 
pericline ; four show albite and perieline ; four albite-Carlsbad ; and six 
albite alone. In  every instance of Carlsbad twins the face of association was 
found to be (010), i. e. the ' Carlsbad-A ' twin of Dupare and Reinhard. 

t A. Borloz, Contribution 5. l'6tude des ptagioclases dos roehes d'dpanehement. 
Univ. Gen/:v% Facultd Sci. 1924~ Th6se no. 744, p. 49. [Min. Abstr., vol. 3~ 
p. 292.] 
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In conclusion I have to thank Professor A. Hutchinson for the loan of 
the material available for measuremeut, and also to express my gratitude 
to Professor L. Duparc and M. Marcel Gysin, of the University of Geneva, 
for their kindness in introducing me to the use of the Fedorov stage and 
the ~ methods employed by them for the determination of the compositioa 
of plagioela~e felspars. 


