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Pyroxenes from the Lower Carboniferous basalts of the 
Old Pallas area, Co. Limerick. 

B y  t h e  l a t e  D.  F .  ASHBY, 1 B .Sc . ,  A . R . C . S . ,  F . G . S .  

[Communicated by F. G. H. Blyth ; read J a n u a r y  24, 1946.] 

(The author  commenced his s tudy  of the  Lower Carboniferous and interbedded volcanic rocks 
of the  Old Pallas area in 1935. Four  years later he published a short  account of  the  geology of  
the  dis t r ic t?  Ju s t  before his death  the  author  had almost  completed his laboratory work on 
the  porphyrit ic pyroxenes in three of the  basalts,  and Che paper now presented, w h i c h  is 
admi t ted ly  incomplete, has  been assembled from his notes. Mr. F. G. H. Blyth  has  mos t  
generously given of his t ime to determine with the  universal  stage the  2V and ~,:c values, and  
has  checked the  manuscript .  Acknowledgement is also made  to the  Royal Society for a grant  
to meet  the  cost of  chemical ana lyses . - -W.  F. Whit tard.)  

T H E  m o s t  c o m p l e t e  s u c c e s s i o n  o f  C a r b o n i f e r o u s  r o c k s  f o u n d  in  Co. L i m e r i c k  

c r o p s  o u t  in  t h e  L i m e r i c k  b a s i n ,  w h i c h  is  s i t u a t e d  b e t w e e n  L i m e r i c k  a n d  

T i p p e r a r y .  T h e  z o n a l  r a n g e s  o f  t h e  c h i e f  l i t ho log ica l  d i v i s i o n s  o f  t h e  L o w e r  

C a r b o n i f e r o u s  r o c k s  h a v e  b e e n  d e t e r m i n e d ,  a n d  t w o  v o l c a n i c  e p i s o d e s ,  r e p r e s e n t e d  

b y  t h e  L o w e r  a n d  t h e  U p p e r  V o l c a n i c  G r o u p s ,  a r e  n o w  k n o w n  to  h a v e  o c c u r r e d  

e a r l y  in  S t a n d  e a r l y  in  D 1 t i m e s .  T h e  p o r p h y r i t i c  p y r o x e n e s  h a v e  b e e n  i s o l a t e d  

f r o m  r e p r e s e n t a t i v e s  o f  t h e  l o w e r  g r o u p ,  w h i c h  ' c o n s t i t u t e  a g r a d e d  se r i es  o f  

o l i v i n e - b a s a l t s ,  t r a c h y b a s a l t s ,  t r a c h y a n d e s i t e s  a n d  t r a c h y t e s ,  c o m p a r a b l e  w i t h  

TABLE I. Analyses of rocks. (Analyst,  Geochemical Laboratories.) 

I. l I .  I I I .  I. 

8i02 . . . . . .  44.43 45.26 51-13 MnO . . . . . .  0.25 
Al~O 3 . . . . . .  12.74 14.87 16-58 CO 2 . . . . . .  1.28 
Fe20a . . . . . .  7.41 3"34 4.14 S 
FeO . . . . . .  5-34 8-38 6-22 Cr203 . . . . . .  

MgO . . . . . .  6-43 4.51 2.73 Vz() 3 . . . . . .  
CaO . . . . . .  12.05 9.81 6.11 NiO . . . . . .  
l~aaO . . . . . .  2.85 2'70 4.24 CoO . . . . . .  
K20 . . . . . .  1-42 1"58 2.89 BaO . . . . . .  
Ha0 + 105 ~ C . . . .  1' 77 2 " 0 2  1-92 SrO . . . . . .  
I'I~0 - 105 ~ C . . . .  0'46 0-38 0.41 
Ti02 . . . . . .  3'45 3"45 2.22 

Less 0 for S... P ,05  . . . . . .  0-43 0"76 0"54 

II.  I I I .  

0.17 0.19 
2.~58 0.56 

- -  0.06 0.04 
- -  0.012 0-012 
- -  0.020 0-009 
- -  0 . 0 1  n f l  

- -  0.004 nil 
- -  0.04 0.05 
- -  n f l  n f l  

100-31 99-956 99-991 
- -  0.03 0.02 

99.926 99.971 
I, Olivine-basalt, Dunsapie type, 4160 feet N. 20�89 ~ E. of Pallas Grean railway stat ion from 

Lower Volcanic Group exposed in canal c u t t i n g .  
II ,  Olivine-basalt, 1000 feet E. 10 ~ N. of  Brackyle school, Pallas Grean, Lower Volcanic 

Group. 
I I I ,  Olivinc-trachybasalt ,  300 feet W. 6 ~ S. of  summi t  of  I)erk Hill, Lower Volcanic Group. 

x Donald Frederick Ashby  was accidentally drowned in Barmouth  es tuary  on Ju ly  31, 1943, 
and  a promising career was cut  short  a t  the  age of 28. He was born at  Parson ' s  Green, London,  
on October 10, 1914. In  1938 he was geologist on the  Universi ty  of London Arctic Expedi t ion 
to J a n  Mayen Island, and  the  same year was appointed assis tant  lecturer in geology in the  
Univers i ty  of  Bristol. He joined this Society in 1938. Obituary notices in Quart .  Journ .  Geol. 
Soc. London, 1945, vol. 100 (for 1944), p. lxi, and Proc. Geol. Assoc. London,  1944, vol. 55, 
p .  3 8 .  

s D. F. Ashby,  The geological succession and  petrology of  the  Lower Carboniferous volcanic 
area of Co. Limerick. Proc. Geol. Assoc. London,  1939, vol. 50, pp. 324-330. 



196 D . F .  ASHBY O~ 

t h e  L o w e r  C a r b o n i f e r o u s  S c o t t i s h  su i t e .  A m o n g  t h e  o l i v i n e - b a s a l t s ,  a l l  t h e  

S c o t t i s h  t y p e s  h a v e  b e e n  r e c o g n i s e d ,  w i t h  t h e  e x c e p t i o n  o f  C r a i g l o c k h a r t  t y p e  

a n d  m u g e a r i t e .  M a c r o p o r p h y r i t i c  b a s a l t s  a k i n  to  D u n s a p i e  or  M a r k l e  t y p e s  a r e  

c o n s p i c u o u s  a m o n g  t h e  ea r l i e r  f lows,  wh i l e  a m o n g  t h e  l a t e r  o n e s  m i c r o p o r p h y r i t i c  

t y p e s  p r e d o m i n a t e ,  o f  w h i c h  t h e  D a l m e n y  t y p e  is t h e  c o m m o n e s t '  (loc. c i t . ,  
p.  327) .  

T h e  p o r p h y r i t i c  p y r o x e n e s  o f  t w o  o l i v i n e - b a s a l t s  a n d  a n  o l i v i n e - t r a c h y h a s a l t  

we re  s e l e c t e d  for  i n v e s t i g a t i o n .  T h e  r o c k s  w e r e  c r u s h e d ,  t h e  s i e v e d  f r a c t i o n s  

t r e a t e d  w i t h  h e a v y  l i q u i d s ,  a n d  t h e  d e n s e r  c o n s t i t u e n t s  f u r t h e r  s e p a r a t e d  e l ec t ro -  

m a g n e t i c a l l y  i n t o  g r o u p s .  T h e  p y r o x e n e  c o n c e n t r a t e s  we re  p i c k e d  o v e r  u n d e r  a 

b i n o c u l a r  m i c r o s c o p e  a n d  s a m p l e s  o f  t h e  p u r e  m i n e r a l  p r e p a r e d  fo r  c h e m i c a l  

a n a l y s i s  ; t h e  p a r e n t  r o c k  w a s  a n a l y s e d  in  e a c h  case .  T h e  r e f r a c t i v e  i n d i c e s  w e r e  

d e t e r m i n e d b y  t h e  s ing le  v a r i a t i o n  m e t h o d ,  u s i n g  a m o n o c h r o m a t i c  i l l u m i n a t o r  

o f  v a r i a b l e  w a v e  l e n g t h  a n d  a r e f r a c t o m e t e r  ( T a b l e s  I ,  I I ) .  

TABLE II.  Analyses and  optical da ta  of  pyroxenes. (Analyst,  Geochemical Laboratories.)  

I A. 11 A. I I I  ~ .  

SiO I . . . . . . . . . . . . . . .  50.23 45-86 48'77 
A1203 . . . . . . . . . . . . . . .  5-29 8"30 4"18 
Fe203 . . . . . . . . . . . . . . .  1. I6 2-08 2-03 
FeO . . . . . . . . . . . . . . . .  4.48 7-03 9.34 
MgO . . . . . . . . . . . . . . .  14-74 12-65 12.48 
CaO . . . . . . . . . . . . . . .  20.50 20~23 20-49 
NazO . . . . . . . . . . . . . . .  0.70 0-68 0.51 
K20 . . . . . . . . . . . . . . .  0.10 0-11 0.02 
H20 .-i- 105 ~ C . . . . . . . . . . . . .  0.66 0"54t 0.98 
HzO - 105 ~ C . . . . . . . . . . . . .  0-03 0-02 J 
TiO 2 . . . . . . . . . . . . . . .  0.92 2.34 1'59 
P205 . . . . . . . . . . . . . . .  0-05 0.05 nil 
MnO . . . . . . . . . . . . . . .  0"25 0-17 0.11 
COt . . . . . . . . . . . . . . .  0.68 0.20 - -  

99"79 100-26 100.50 

Wo . . . . . . .  47.5 48.3 46"8 
Weight  per cent. En . . . . . . .  43.4 36-6 34-2 

Fe . . . . . . .  9.1 15.1 19.0 
I'm' . . . . . .  1.685 1-707 1.699 

. . . . . .  1.690 1-714 1.706 
Refractive indices* ~ ,  . . . . . .  1.706 1-727 1-722 

( y'-a" . . . . . .  0.021 0-020 0.023 
2V (" ~') { ( range . . . . . . . . . . . .  46~52 ~ 46 4 9  ~ 52-53 ~ 

( mean . . . . . . . . .  49 ~ 48 ~ 52 ~ 
y ' :  ct  . . . . . . . . . . . . . . .  53 ~ 55 ~ 44 ~ 

* The author  contemplated correcting his determination of ~' by - 0 . 0 0 4  and  of 7'  by 
-t-0.004. The calculated value of 2V would then  be much  higher than  the  observed one and 
the uncorrected determinations for the  refractive indices are therefore preferred. 

"r The extinction-angles here given were measured by Mr. Bly th  on sections nearly parallel 
to (010). Fur the r  measurements  were made by him wi t h  the  universal  stage, using Burri 's  
method,  which gave an  unsatisfactorily wide range of values for I A and I I  A, and  in the  ease 
of I I I  A a range of 38-49~ it appears probable tha t  for pyroxene I I I  A, y:c lies between 
44 ~ and  49~ F. W. 

A f t e r  a l l o w i n g  in  t h e  p y r o x e n e s  fo r  s m a l l  a m o u n t s  o f  s u c h  i m p u r i t i e s  as  ca l c i t e ,  

a p a t i t e ,  a n d  c h l o r i t e  ( p r o b a b l y  a f e r r u g i n o u s  p e n n i n e )  w h i c h  a r e  i n d i c a t e d  b y  t h e  
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presence of CO 2, P20~, and H 2 0 +  105 ~ C., and which can be identified in thin 
slices of the  pyroxenes,  the  const i tut ions and formulae  of the  three types  can be 
computed  as shown in Table I I I .  

T~.Br~ III. Calculation of the formtdae of pyroxenes. 
I A, II A. IIIA. 

Mol. No. metal atoms Mol. No. metal a~ms Mol. No. metal atoms 
ratios, when O=6. ratios, when O~6. ratios, when O~6. 

~iO, ... 0.8060 ,,913 0087 I, 24X) 0-7380 1.744 '~2"00 0.7694 L880(0.120|1 24)9 

A120 ~ ... 0.0-148 0.213 0"0755 0"357 0.0315 0.154 
0 025 1,0'126"~ 1.0'101 ) 0"034~ 

Fe20 a 0.0053 0.0111 0.052 0.0096 0'047 
FeO 0.0513 0.122 [ 0.0888 0-210 0.1149 0-281 | 
MgO 0.3316 0.787 [ 0.2852 0-674 0.2617 0-639 [ 
CaO 0.3488 0,828 } 1.9~3 0.3561 0.842 }2,012 0,3654 0.893 }1.987 
~'alO 0.0113 0.054 | 0.0110 0-052 J 0.0080 0.039 | 
KiO ... 0.0011 0.005 l 0.0012 0.000 043002 04301 | 
TiO2 ... 0.0115 0.027 [ 0-0292 0.069 0.0199 0.049 ] 
MnO ... 0.0040 0.009 J 0.0024 0-006 04)016 0.004 J 

I A . . . . . . .  (Ca,Mg,Fe",Mn,A1,Fe'",Na, K,Ti),.osa[(Si,A1)aO,] 
11 A . . . . . . .  (Ca,Mg,Fe",Mn, AI,Fe'",Na, K,Ti)~.a12[(Si,Al)2Oe l 
III A . . . . . . .  (Ca,Mg,Fe",Mn,A1,Fe"',Na, K,Ti)~. ~T[(Si,AI)206] 

The analyses accord with  Bar th ' s  v iew tha t  the  early prec ip i ta ted  pyroxene  of  
basalts is enriched in l ime and magnesia  relat ive to iron, 1 and demons t ra te  the  
small  ex ten t  to which a luminium replaces silicon. 

i T. F. W. Barth, Crystallization of pyroxenes from ba~lts. Amer. Min., 1931, vol. 16, 
pp. 195-208. [M.A. 5-219.] 
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