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S Y N O P S I S  

THE Vnlsinian district is the largest and northern- 
most of the Roman Provinces. There is very little 
modern mineralogical data on the Italian Pliocene 
to Recent perpotassic alkaline volcanic rocks and 
this account deals with the compositions of the 
phenocrysts in the Vulsinian lavas. 

The lavas comprise two suites: a leueite-bearing 
undersaturated series of leucitites, leueite tephrites, 
leucite phonolites, and trachytes; and a subordinate 
hy-normative series of mainly trachytes and latites. 
All lavas are porphyritic with mostly 1-15 vol. % 
phenoerysts. No cumulates were found. Major 
elements, and Cr and Ni were determined in the 
phenoerysts by microprobe analysis and more than 
20 trace elements were determined on mineral 
separates by PIXE. 

The undersaturated suite. Ubiquitous clino- 
pyroxene phenoerysts belong to the Di-Hed, 
series and range from Di97 to Di46. Important 
amounts of Fe 3 + are always present. In the marie 
rocks the diopside is chromian, but Ti is low. AI 
mainly substitutes in the Z positions in all lavas. 
Only minor Na enrichment occurs with increasing 
total Fe (0-7 mole % acmite) and thus Ca ferri- 
Tschermak's component is important. In many of 
the maric lavas diopside mantles green cores of 
salite, which has a composition very like the salite 
of felsic lavas. Leucites contain 5-22 mole % 
orthoelase in solid solution, but show no systematic 
variation. Plagioclase, mostly An93-An72 , occurs 
in the fclsie lavas, and alkali feldspar only in some 
phonolites. They both have exceptionally high 
concentrations of Sr and Ba, with a maximum of 
1.3 wt. % SrO and 5.6 wt. % BaO in hya|ophanes. 
Olivine, Fo92-Fo66 , occurs in some leueititic lavas 

in mostly accessory amounts. Phlognpite, magnetite 
and nephcline are accessory phases of the felsic 
lavas. Apatite only occur as micro-phenocrysts of 
the fclsic lavas. Haiiyne in trace amounts is found 
in a few phonolites. Pargasitic amphibole micro- 
phenocrysts are found in one lava. 

In most marie members diopside _+leucite 
+olivine were liquidus phases. This study does 
not confirm that these rocks are related by crystal 
fractionation. In more fclsie lavas dinopyroxene 
(salite-ferrosalite) and leucite are joined by: plagio- 
clase, magnetite _+ phlogopite, and Ba-rich alkali 
feldspar + hafiyne. The fclsic rocks are thought to 
be related by crystal fractionation. 

Salitic green cores of phenocrystic pyroxene, 
mantled by diopside in rocks which also carry 
normally-zoned diopside, are relicts which provide 
evidence of either a relatively high Pn,o prior to 
the crystallization of diopside or magma mixing in 
the earlier life of these lavas. Pyroxene chemistry 
points towards low-pressure crystallization (2 kbar), 
generally in a dry environment. 

The hy-normative suite. All lavas have pheno- 
crysts of augite, sanidine, plagioclase, magnetite, 
biotite, and olivine. The pyroxene is less calcic and 
has less alumina, but is otherwise rather similar to 
the salites of the undersaturated suite. Compared 
to the undersaturated suite, feldspars do not have 
high Sr and Ba, magnetite has higher TiO 2 and 
olivine crystallized from even the fclsic lavas. The 
pyroxenes show the signs of low-pressure crystal- 
lization. 

[Manuscript received 21 November 1981] 

Copyright the Mineralogical Society 



380 P . M .  

p ~ . l  s a r t l . . o l .  

I n s t i t u t  f o r  Pe t r o l eg i .  Ceo log~sk  Cen t ra l i n s t i t u t ,  

e s t e r  V o l d g a d e  1 o ,  13,K-1350 C o p e n h a g e n ,  D e n ~ r k .  

The V u l s i n i a n  District ( f i g .  l )  l i e s  a~ t he  northern e x t r e m i t y  of t h e  

I t a l i a n  P i l e � 9  t o  R e c e n t  p s r p o t a s s i c  a l k a l i n e  v o l c ~ i c  p r o v i n c e  ~ d  I s  

b y  f a r  t h e  l a r g e s t  d i s t r i c t  o f  t h i s  p r o v i n c e ,  c o v e r i n g  228O km z ( P i c h l e r ,  

t 9 7 0 ) .  A l t h o u g h  t h e  R o ~ n  C o ~ q ~ t i c  R e ~ i o n  was ~ d e  f e t u s  b y  W a s h i n g -  

t o n  ([~), his classical petrographic work has not been brou~t u p  to 

date, an~ mdem mineralogical dat~ ~e sparse. Recent papers by Voll- 

m r  ( 1 9 7 ~ ,  1 9 7 6 ,  1977), T u r l  a n d  T a y l o r  (197d) a n d  T a y l o r  and ~ r i  (1976), 
con . i ae red  t h e  iwlications o f  t h e  i s o t ope  feochemist~ on  a r eg i ona l  

s~a le  and  po in ted  ou t  t he  need  f o r  ~ r  de t~Zed  pe r roZo~ iea l  wo rk .  

C~mdmri  ~ n d  N e t t l e s  ( 1 9 7 ~ )  mode a p e t r o t h e m s  s t u d y  ~ d  C u n d a r i  ( 1 9 7 5 )  

a . t h e o l o g i c a l  s t u d y  o f  t a r  r a t h e r  e ~ t l  VZco v o l c a n o ,  w h i c h  h e r d e r s  

t h ~  V u l ~ t n i  d X s t r X ~ t  t o  t h e  s o u t h .  R e ~ e n t  s g ~ d i e s  a f  ~h~ V ~ l a i n i a n  

a l a t r t � 9  l n e l u d e  those ~ f  S e h e i a e r  { 1 9 6 5  - d e t a i l e d  ~ p p s n g  ~ j o r  

1 e h ~ i s t r y  a n d  p e t r o l o g y  o f  l a r d s  f r o m  L a t ~ r a  i n  t h e  w e s t e ~  

p a r t  e f  t h e  d i s t r i c t ) ,  a a t t i a s  ( 1 9 6 5  . ~ l m l l ~ r  s t u d i e s  o f  l a r d s  �9 

t h e  a o u ~ - e a s t e ~  p a r t )  a ~  S p a r k s  ( 1 9 7 5  - s t r a t i g r a p h y  o f  t h e  

p y ~ e l a s t i t s ) .  

T h i s  p ~ p e r  p r e s e n t s  p a r t  o f  a n  i . v e s t i f a ~ i o n  o f  t h *  l a v a s  o f  t h e  e a s t -  

e~ ~ northe~ parts of the district and concentrates on the r 

glens of the minerals* Subs~uent co~trlbugions will deal with petro- 

�9 and pet~genesis of the lards (Hol~, Lou and Nielsen, in prep,) 

and trace ele=ent contents of the mluer~ts ~BOla ~d ]~0u, in prep.)* 

~ e W S t  ~ases were ~alysed In a n~ber of representative rock 

e~e�9 which ~ere selected from a inch 1crier collection. 

~t~raphi~ S ~ y  

The l~was ~ two suites: i) a predomin~t nomtivelv 

undersatu~t~ perpotasslr metaluminous, b~sic to intermediate suite 

2 )  a s l i m i l y  o v e r s a t u r a t e d ,  h y p e r e t h e n e - n o m t i v e ,  p e r p o t a s s i c ,  

m t a l ~ u s ,  t ~ c h y t i e  s u i t e , *  

T h o  ~ d e ~ t ~ r a t e e  r o c k s  a r e :  t e ~ r ~ t ~ e  t e u e i t i t e ~ .  ~ . ~ o ~ t o  t e ~ r i t e s ,  

p h ~ l l t i c  l ~ c i t e  t e p h r i t e s ,  t e p h r i t l c  L e ~ e i t e  p h e n 0 i i t e s ,  l e u c i t e  p h o n -  

o r a t e .  ~ d  o ~ e  ~ f e h i r  ~ e ~ r i t t ~  l e ~ c t t i ~ .  ~ e t n g  t h e  n o = e o l ~ t n r e  o ~  

S t m k . i a ~  ( 1 9 6 7 ) .  T a b l e  i g i v e s  phenoc~st @ d e e  o f  t h e  ~ l n  t y p * s  o f  

l a ~ s .  D t~pss  ~ a  1 c u b i t s  m r .  t h e  r a i n  p h e a o c r y e t  p h a s e s  o f  ~he  b a s i c  

m w l ~ a a t u r & t e d  l a v e s ,  v h i l *  o l i v i n e  may  b e  ~ d e c ~  p h a a o e r y s t  p h a a e .  

~ l o ~ p i t e  i s  p r e s e n t  t n  s o ~  r o c k s  a s  a l c r o ~ @ n o e ~ s t s .  I n  t h e  l e e s  

~ABATINI 

R O C ~ N O N N N A  

~ , ~  ' ~  

z ~ g .  1 .  

~ t p  o r  e ~ t n l  a n d  s e u t h e ~  I t a l y  showtn a t ~ p e f t ~ t  ~ l k ~ l i n e  v o l c a n i c  

~ l a t r i e t *  ~ t h e  m i n l ~ d .  T h e  R o ~  P r o v i n c ~  ~ o n ~ i s t s  o f  t h e  d i s t r i c t s  

o f  A I ~  H i l l s ,  S a b a t i n t ,  V i c e  ~ d  V u l ~ i n t ,  ~ d  t h e  two s ~ l l  e x t e n t r i c  

b a s i c  n e k :  p l a g i o e l ~ s e  a n d  F e - T i - o x i d e  are p r e s e n t  a *  a d d i t i o n a l  p h o n e -  

e r y s t a l  p h a s a e ,  ~ d  o l i v i n e  i ~  n e t  s e e n .  Zn  t h e  f e l s i e  r o ~ k s  o f  t h i s  s u i t e  

l ~ i t e ,  p l a f i o e l a s e  a n d  s a n i d i n e  M i t h  ~ c c e 5 5 o ~  s a t i r e  t o  f e r r o s a l i t $ *  d a r k  

m i e n *  n e ~ e l i n e .  ~ e t i t e  a n d  r e r e ~ y  h ~ y n e  a r e  t h e  ~ e n o c ~ s t  ~ a ~ e s *  ~ e  

~ s i e  ~ e k e  ~ a v e  a g f o e ~ m s s  p e ~ o a i ~ t l y  o f  d i o p s i d ~  a ~  I o n ~  w i t h  

~ e ~ e ~ r y  m f f ~ e t i t e ,  p l a g l o e l a s e  a n d  d a r k  m i � 9  I n  t h e  m r s  f e l s i e  ~ c k s  

p l a g t o e l a s e  i s  t h e  ~ $ t  i m p o r t a n t  ~ e n d m ~ $  c o n s t i t u e n t  w i t h  a c c e s s o r y  

~ t s  o f  e l i n o p y r o x e n e ,  d a r k  m i c a ,  s a n i d i n e  ~ e t i t e ,  e u ~  v a r y i n f  a ~ u n t s  

o f  l ~ i t e .  

~ c ~ s t e  o f  s a n i d i n e ,  p l a g s  ~ g i t e ,  o l i v i n e ,  b i o t i t e  a n d  ~ -  

s t i l e  a r e  e o ~ n  t o  t h e  r o ~ k e  o f  t h e  h y - ~ o ~ t i v e  s u i t e  w h i ~ e  t h e  g ~ d -  

~ e o ~ l . t = ~ y  o f  * a n i d l . ~ .  The  t a ~ a s  a r e  ~ i n l y  i r a ~  w i t h  a 

f ~  l a g i t e ~ .  

~e l a ~ ,  ~670, h e s  cI~$e =Inerazo[i~a[ aa~ g~eh*~ical affinity ~0 the 

~ i e o f ~ l  l a ~ s  ( F i t h l e r ,  1 9 7 o )  o f  t h e  ~ $ c a ~  p r a v i n c e .  I t  i s  a t a t t l e  

w i t h  1 ~  o l i v i n e  ~ d  a c e e s s o ~  m u g t t r  a n d  b i ~ t t ~ e  w i t h  x e n o l i t h ~  o f  s e d i -  

~ t $ ,  ~ b b ~ i c  ~ c k a  a n d  d ~ i t e  a s  w e l l  a s  x e n o e r y s t a l  t r i d y m i t e .  

H O L M  

~,,n,nTiC L~C~T~ T~[.ITIC I.EIIC~TS ~AZU~*T~D 

L~,:C*T~r~ T~mITE L~I,CITE ~O~OL~TE Tt~XC.VT~ 

~r 

( 3 o 6 o l )  ( 3 o 6 1 2 )  (3o632) (30661) ( 3 o 6 6 ~ )  

a•  ~ + 

s a z i t e  z 3 

~ u g i t e  

§ 

l e u e i t e  ~ 7 13  

4 3 ~ 

oth~r parachute ha~yne 

~ jo r  dtopsXde . a l i t e  pagioe~a.e sanXdi .e  s~n ld ine  

g rounde rs  t e~e t te  l euc i t e  t ~n~ te  l euc i t e  pa~t loc ta~e 

+) p r e ~ e n ~  - l e s s  t h a n  I v o l  ~ .  

~) ~ g t  . ~ c ~  r e s o r b ~ d  ~ n d  p r e ~ e n ~  in t a b Z e  a s  ~ e t i t e .  

. )  ~o~ ton -Tu t t l e  d l f f e ren t i ~ t i on  index (Thornton & Tu t t l e .~960 )  

*n~lytieat ~ethsds 

~ ~jor elements t o~e th . r  w i t h  Cr and wi were d~te~Ined by po in t  

ana l ys i s  o f  po~i~hed t h l n  s~c t i o . s  by e l ee t r o~  |  pa r t l y  ~ i n~  

a Nierosean 9 ~t  Oxford Un i ve r s i t y  and pa r t l y  a H i t ach i  }24A-Sb a t  the  

u n i v e r s i t y  e ~  C o p e . h a g e n .  ~ e  ~ i ~ r o s c ~ n  9 wa~ o p e r a t e d  a t  z o  k v  ~ d  

s a u t e  c u r r e n t  0~  ~0  ~ ,  t h e  H i t a c h i  a t  15 kV a n d  2 0  kV o r  o c c a s i o n a l % y  

a t  10 kV w i ~ h  ~ d e f o c u s s e d  e : e c t r o n  be~m ( f o r  n e p h e ~ i n e  ~ n d  h ~ y n e } .  

~ a t h ~ t  = ~ n e r a l ~  ~ r  n s ~ d  a~  s ~ a n d a r ~ .  ~ o x ~ d ~ t i o n  s t a t e  o f  i r o n  ~n 

some m i n * r a l ~  ~ a $  d e t e r m i n e d  b y  t h e  W i l s o n  m e t h o d  ( ~ e ~ l .  1 9 6 8 ) .  

T r a c e  e l e m e n t  e ~ t y s l s  o f  v e r y  p u r e  ( a t  l e a s t  ~ r e  t h a n  9 9  ~ )  m i n e r a t ~ ,  

s e p a r a t e d  b y  ~ t ~ . d ~ f d  m e t h o d s  ~ n d  f i n l e y  p u r i f i e ~  b y  h ~ p i ~ k i n ~ ,  w~s 

� 9  o u t  b y  P r o ~ o n  1 e d u c e d  X - r a y  E m i s s i o n  P , ~ . X . E . )  a n a l y s i s  a t  ~ h e  

M i s t s  B ~ h r  I n s t l c u t * ,  U n i v e r s i t y  0 f  C o p e n h a g e n ,  u s i n g ~ a c g e l e r ~ g i n g  

v o l t . g o  o f  3 ~eV,  The  ~ t h e d  ~ d  r e s u l t s  w i l l  b e  r ~ 3 ~ v d  ~ i n  ~ r e  d e t a i l  

i n  a f o r t h ~  p a p e r  t t o tm  a n d  Lou  ( i n  p r e p . ) .  A f ~  ~ a l y s e s  o r  m ~ n e r ~ l s  

u s i n g  1~ ~ s a ~ l e ~  we~o ~ d e  o n  ~ H i l l e r  Q u e r t z  S p e c t r o g r a m .  ~ e  m e t h o d  

i ~  ~eec~ibed I n  B~ l~ i~be~g  a .d  B~n l  ( 1 9 7 2 ) .  

c l i~opyro~ene 

~ .  hsnd s~eime~ c t inopyroxene  ~ar ies  f r o=  ~reen to  ~la~k i n  ~o lo~r ,  an~ 

i n  m t h i n  ~ e c t ~ o n  i $  eo l~u r leeo  t o  p leooh ro i c  in shades o f  l i ~ t  g reen . ye l l o~ -  

~  ~nd ~r~ss-~ree~. Oso i l t ~ to~y  ~d  s~o r  ~on i .~  ~S nb iq~ i t o~ . .  ~o~  

ph~ .o~ ry~ t ,  i .  ~h~ l e~e l t l t l e  ~d  t . ~ r i t l c  l ~  have t~o com~n*n ts :  ~ ~een ,  

sn~- o r  . ~e~ r~ l  ~nn~r ~ r t  i s  s~cre~dsd by a o le~ r  o r  t i ~ t  ~reen r~m, ~ery 

s im i l a r  ~o pyroxe~e~ f~m o the r  ~ i ka l l ne  rocks repor ted  by B rook~d  p r i n~ -  

t a n  ( t 9 7 8 ) .  Xn s o ~  p h o n o l i t e s  t h e  e e v e r e e  i s  f o ~ d .  U s u a l l y  t h e  g r e ~  

c o r e s  ~ k e  ~p  ~ r e  t h ~  ~ O ~ b y  v o l u m e  o f  t h e  p h e n o c r y s t s .  T h i s  i s  

t h o u g h t  t o  m e a .  * h a t  t h e  ~ w t h  o f  t h e  r i m s  t o o k  p l a o e  i n  ~ s h ~ r t  t i ~ r  

i n t e ~ a l  s u b s e q u e n t  t o  t h e  g r o w t h  o f  t h e  g r e e n  c o r e s .  A b s e n c e  o f  g r o w t h  

o n  f r a g w e n ~ e d  p h e n o c r y s t s  w i t h  g r e e n  c o r e s  i n d i c a t e s  t h a t  t h e  r i m s  d i d  

n o t  c c y s t a ~ l i z e  m e t a s t a b l y  ( T h o m p s o n *  ~ 9 7 ~ )  a f t e r  e r u p t i o n .  The  ~ c k ~  

c o n t a i n i n g  t o p e d  p ~ r o ~ n e s  ~ l s o  a l w a y s  i n e l n d .  ~o=~ w i i h o ~ t  g r ~  c o r e s .  

~ e p r e s e n t ~ t s  s t r u c t u r a l  f o m u l a e ~ d  c ~ l c e l a t ~  s o l i d  s o l -  

u t i o n  ~ n d l m ~ b e t s  ( K u ~ i r o *  I 9 6 ~ )  f o r  t h ~  p y ~ x ~ e s  a ~ e  p r e s e n t e d  in 

t a b l e  2 .  The  f o ~ l a a  a r ~  c a l c u l a t e d  a s s u m i n g  s t o i c h i o m e t ~ y o n  t h e  b a s k s  

o f  6 o x y f ~ n  l e n s ,  O f t e n ,  a l e r g e  o o r r e e t i o n  f o r  f e r r i c  i r o n  i s  n e c e s s .  

d r y  t o  o b t a i ~  ~ c ~ t i o n s .  I t  ~ y  b e  n o t e d  t h a t  a g o o d  c o r r r  b e t w e e n  

t o t ~ t  ~* a n d  e x c e s s  c a e s  e x i s t ~  b e f o r e  c o r r e c t i o n ,  a n d  t h a t  n o t a b l e  

e ~ t e  o f  F e  3~ w e r e  c o n f i ~  b y  w e t  c h e m i c a l  ~ l y s e s  o f  ~ l ~ e r ~ l  s e p -  

ara te~ .  Th~  d i o p s t d e  i n  ~ p e e i m e n  3o~ I  ~ont~in~ t . 6 3  wt .  ~ ~e~O 3 a n d  

1 , 9 5  ~* .  g ~eo ,  ~nd s~ t~e  I n  3067~  ~as  ~ . 9  wt .  ~ ~ % o  3 ~ a  ~ .2  w t .  

F e e .  F y r o x e n e  � 9  e r e  p l o t t e d  i n  t h e  ~ l e e u l a r  ~ f f - C a - ( F e * ~ n )  

d i a g r a m  ( ~ l d e r v e e r t  a n ~  f l o s s ,  1 9 5 1  ) i n  f i b r e  2 .  

V*g. 2.  

C o ~ p o * i t * o , s  o f  t h ~  ~ y r o * ~ e s  o f  t a b l e  Z p l o t t e d  i n  t h e  p y r e * e r i e  q u a d r i -  

l a t e r a l .  L t , e s  ~ o ~ e c t  a n a l y s e s  o f  t h e  ~ a , e  p h ~ o c r y s t .  Open  s y , b o l ~  

~ r e  r l = .  t t o e o a  s V , h o l s  c e r ~  C i r c l e s  a r e  p h e n o c r y s t  f r o m  ~ n d e r s ~ t u r -  

~ t ~  l ~ s .  d l ~ n d ~  a r e  ~ c e e n  ~ e n e s  i ~  t h e ~ e  p h e n o c c y ~ t ~  s q ~ a r ~  a r e  

p h ~ n o ~ y s t  f r o =  s a t u r a t e d  ~ r a e h y t e s .  

a l l  p y r o ~ e n e s  o f  t h e  ~ a ~ r ~ * t ~ r a ~ e d  s u i t e  a r e  ~ e m h e r .  o f  t h e  a i o w i d ~ -  

h e d e n b e r g t t ~  , o l i d  s o l ~ t o ,  s e r l ~ s ,  r a ~ e i n ~  r ~  d i o p ~ i d s  t o  s ~ l l t e  a~d  

6 e r r o ~ a t l t ~  ( d ~ 9 7 - d i 4 ~ ) .  ~ g r e e n  c o r e s  o f  t h e  t ~ e . e o ~ n ~ n t  p y r o ~ e  
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�9 ~ b l e  2 

~ e p ~ e + ~ , t a t i w e  ~ l i , o p y ~ o ~ e a e  ~ , ~ l y , e s  f o ~  ~ j o r  ~ , 0  t r ~ e  ~ l e , e ,  t s .  

1 ........ I . . . . . . . . . . . . . . . .  ++ I0 . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  I - I +  + - + -  I I ' I '  I . . . . . .  I . . . . . . . . . . . . . .  1 I . . . . . . . . .  c . . . . . . . . . . . . . .  c . . . . . . . . . . . . . .  ' r ~ m -  2 ~ ;  r i m "  rzm69 ~ 
3 0 6 0 1  3 0 6 0 1  31337  31337  3 1 ~ a 7  r i m  ~' r i m , ,  3 0 6 8 2  3 0 6 8 2  

A1203 2 . l ~  4 . 0 ~  1 . 7 1  2 . 1 2  6 . 1 1  7 . 2  1.79 4 . 1 8  5 . 9 7  6 . ~  3 . 0 1  4 . 0 8  6 . 3  5 . 8 B  6 . 2  ~22  ~+99 3 . 1 3  1 . 5 3  Z222 . 8 6  
u 2.6 3.8 .72 1 . 5  6.5 5.9 2.5 3.9 4.8 5.~ 2.~ 3.4 5.3 6+2 4.7 Io.~ t.9 2 .4  2.O t.6 .U3 
FeO I.M 2.U 2./ 2./ i.? 4.1 1.00 1.2 4.7 3.4 1.9 5.8 4.4 4.4 6.2 5.9 6.2 6*6 8.6 15.1 12.] 
MgO 17 .2  15 ,1  16 .6  16 .2  13 .1  10 .  16 .9  15 .~  X1 .1  12 .9  15 .9  13 ,0  12 .2  11 .5  10 .4  722  1428  / 4 . 0  13 ,1  10+4 l o . o  
CaO 24.0 23.9 24.6 24.7 24.3 24.3 24.8 24.7 23.3 23.6 24.5 23.1 23.2 23.3 23.0 22.9 21+6 21.8 22.8 20.0 24.5 
Na20 . 1 1  . 1 3  . 0 5  . 3 3  . 2 1  . 1 5  . 1 2  . 4 0  . 3 ~  . 1 3  . 2 2  . 1 2  . 4 8  . b 3  .B~ . | 7  . 2 7  . 1 3  .O4 
~ao .07 .13 .06 - - .14 s .o6 .45 .14 .o5 .25 .18 +37 .38 .19 .19 .22 .22 .15 .22 
�9 ~02 . 2~  . 43  . 23  .S l  . 9~  . ~  . 23  . 41  . a 3  . 6~  . 29  . 4S  .~  . ' / ~  L32  2 .05  . 6S  .V0  . 6 S  . e7  . o4  
c r 2 o  3 .29 s . t o  s s ~ . 1 9  s 

s ~  1 o o . 3  9 9 . ?  1 0 0 . 2  1 0 0 . 2  1 0 0 . 6  9 9 . 9  9 9 . 6  l e o . 0  9 9 2 8  2 0 0 . 6  ] 0 0 . 1  1 0 0 . 1  9 9 . ~  1 0 0 . 3  1 0 0 2 ~  ] O 0 . 4  9 9 . ~  9 9 . 4  1 0 0 2 2  ZOO.4 9 9 . 6  

§ c o r r e c t e d  a s s ~ i n  0 stoch~etru ~)  b e l o w  LLD= C r 2 0 ~  = . U 4 .  ~o = 0 . 6  

Struc%ural fo~ugae ~ bass of 6 oxy~n ions and ass~In@ stochimtry. 

si 1.911 1.850 1.947 1.918 1.761 i. +142 1.908 1.848 i.)92 1.762 1.900 1.857 l.)v2 
A i , l v  . 088  +149  . 052  . 081  . 2~8  . 257  . 07 !  . 151  . 220  . 217  . 0qq  . 14~  . 2~7  
A l . v i  . 0 0 3  . 0 2 8  . 0 1 0  . 0 1 0  . 0 2 8  +061 . o o o  . 0 3 0  . 0 4 0  . 0 6 1  . 0 3 0  . 0 3 7  . 0 5 s  
Fe,3§ .070 +106 .0/9 ,042 .181 .166 ,056 .i06 .I~3 .141 .0~2 ,094 .150 
r e . 2 *  . o ~ s  . 0 6 0  . 0 8 1  . 0 s 1  . o s ~  +1~0 . 0 ~ 0  . 0 3 ~  . o s6  . 0 9 ~  . 0 5 9  . l e o  . 1 ~ 9  
h ~  +930  .R~o  . 9 0 ~  . r  . 7 2 2  . 6 1 4  . 9 2 4  . 8 3 2  . S 2 6  . 7 0 3  . 8 ~ 8  . 7 2 5  . 6 S 2  
T x  . 0 0 7  . 0 1 2  . 0 0 6  . 0 1 4  . 0 2 ~  . 0 2 2  . 0 0 6  . 0 1 1  . 016  . 0 1 7  . 0 0 8  . 0 1 ~  . 0 2 1  

. 0 0 2  . 0 0 4  . 0 0 2  . 0 0 4  . 0 0 2  . o o a  . 0 0 ~  . 0 0 2  .OOS . u o ~  
c r  . 0 0 8  . o o ~  . o o s  
Ca .93a .947 +959 .W66 +964 .9S2 .976 .970 .966 .942 .971 .923 .931 
Na .008 .010 .0~4 .024 .016 .Oll .009 .010 .027 . 009  .016 .01~ 

solid soXutlon e n d - ~ m ~ r s  cat.fated a f t e r  K u s h i r o  (1962): c r  include~ i. P ,  3+  

. . . . . .  . . . . . . . . . .  +.~ 1.+ . . . . . . . . . .  +0 . . . . . . . . .  
c a + + ~ 1 2 o +  . 7  Z .+  . +  1 . "  2 . 6  . . ~ . 2  1 .6  1 .B  . I + 4  2.~ 2 . 2  
c a - ~ s c h m ~  . 4  2 .8  ~ .Z  Z . I  a . a  6 .Z  . o  3 .O S.2  6 .2  3 .~  3 . 7  s . I  3 . 0  
. . . . . . . .  - . . . .  :~ . . . .  o :o :~ . . . .  

hedenbe rg i t  3 . 8  6 . 5  m.4  8 . 2  5 .3  1 3 . 6  + . 2  3 . 9  + .o  LO.O + .2  / 8 . 9  1 4 . 6  1 4 . 9  
d i o p s  s  81.5 7 4 . 5  S2.9 81.8 69.9 61.2 B e . 3  79.2 71.5 6 4 . 3  S0.6 bO+7  57.9 58.6 ~11 ..... ,t 0 .0 o 0 0 o 0 0 0 0 .0 ...... 
enst a%~ ~e 5.8 4+3 3+~ 3.4 1.1 .I . 0  2.0 2 .] 3.0 3 .i 5.~ 5.2 2.9 

~ / ( ~ +  Pe} . 9 o  . 8 3  . 9 o  . s B  . 7 6  . 6 7  . 9 1  . 8 5  . 7 7  . 7 5  . 8 8  . 7 3  . 7  o . 6 7  

, )  ~=~ i  ~o~ed  pheno~mt  

1 . 7 7 1  1 . / 7 9  1 . 6 2 4  1 . 9 1 0  1 . 9 4 9  1 . 9 2 8  1 . 9 4 9  1 . 9 8 0  
. 2 2 2  .220 .314 .089 . 0 5 0  o0~S .050 .OIS 
. 0~8  *057  . o o o  . o z o  +oo5  . 0 0 0  . o 0 5  . 0 1 9  
. 175  . 134  +316 . 058  . 0 4 6  . 052  . 0 4 ~  
.137 .196 +189 . 2 2 0  .485 .271 .4~5 . ~88  
.~43 .58h +418 .[5~ .595 . 7 3 2  -59~ .571 
. 0 2 2  .0~V . o s .  . 0 1 2  . 0 2 S  . 0 ~ 1  . o ~ e  . o o l  
. o 1 2  . o 1 2  . o o 6  . 0 o 4  ,OO6 .O06  . 0 0 4  .OU7 

.S~5  . 929  . 94 ,  . 904  .B23  . 917  . e 2 3  1 . o o 7  

. 035  . 046  . 062  . 01 ,  . 010  - 0 1 0  . oo$  

4 . ?  6 . ~  1 . 1  1 . 3  . 7  1 . 5  + . 4  & 

. . . . . .  ~ . . . . . . . .  o5 : !  

+.o 2+ .+  , 0  +:~ ++ ,  s ~ ,  :0 
20 .9  19+6  19.9 21 .6  ~6 .~  2 ~ . ~  3 9 . 6  
S~ .B  4 1 . 8  S7 .$  ~ . 4  8 . 0  I ~ . 6  ~7 .1  

. o  . +  . o  . 0  . o  . o  1 . 1  

�9 64  . 4 5  . 7 7  . 75  . 69  . 5 3  . 5 9  

~) i n c l u d e s  j a d e i t e  

ph~r a p e  ,ali~e, o f  similar e o + a i t i o n  t o  t h e  salites o r  the mr, 

f e l s s162  u ~ d e r s a t u r a t e d  l a ~ - t y p e s ,  e . z .  t h e  ~ r e ~  ca re  o f  D i ) 9 7  a n d  t h e  

c o r e  o f  ~ o 6 9 h  o f  C a b l e  ~ .  T h e  p y ~ x e n e s  ~how t h e  f a l l o w i n g  f ~ t ~ r e e :  

�9 ) A�9 newer e*eeeds 7 el, ~, which *, m t h e P  low �9 wlth p~rox- 

,nee ~n m~qy other a l k a l l n e  ~,ovL~ee, (~xr,~, 1976)+ 

3) 9-18 a+om ~ s  ,ubstltutes f a r  si in tn, Z posltlo,,, ,hlCh t~ves o n l y  

e m i l  m a t s  o f  A1 f o r  t h e  o e t a h e + r a l  p o s i t i o n s :  t h u s  t h e  c a l c u l a t e d  

~ t  o f  C a + T r a s h , f r e a k ' s  e o a q p o n ~ t  i s  r e l s t i v e l y  I ~  ( 2 - 9  ~ l e  ~ ) .  F o r  

p y ~ x ~  r i ~ m s s  p a i r s  %he ~ - s u b s t l t u t l o n  I n  t h e  t o t r ~ a l  

m~tes app~re ~o c o r r e l a t e  with the alulls activity o f  the lavas o r  the 

d i f f e P m t l a t l o n  /mdex  (i.e. D+y.  o f  T ~ o ~ t o n  and T ~ t t l e .  1960)rather 

~m with ~e  n o ~ t i v e  de~ee of ~ d e r , s t u r a t i o n  (L~a. 1962). ~ u s  

t h e  A I ( I V )  i *  c o @ m s a t e d  b y  Pm rwi c  s  i n  t h e  Y - p o s i t l o ~  +o t h a t  t h e  

C~ISKO6-~Iecule r ~ e s  from O ~o 25~ of t h e  pyroxenes ~hus ~ecom~@ 

h )  The Ti content, of t h e  V u l s ~ i  pyroxene, a r e  l uwe r  ~h~  theme o f  pyri- 

tes in many a l k a l i n e  i~eou, ~ r  ~Is p r o b ~ b * y  r e l i c � 9  a s  ~s the 

+ a , e  f o r  me .  +he  r a t h e P  l o w  c o n c ~ t r ~ t i o n  o f  t h i s  e i g h t  ~ +he  h o s t  

~eks: O.8~ w~ ~ TiO~(~ O.T-~.~ wt ~ N~O)- ~e Ti-tre~d OT the 

rims or the pyroa~es ~s ~ oontra~t to ~e tr~a fo~ the ho,t *~q,~d,. 

I t  se~ %o be  c o u p l e d  w~%h t h e  A I ( t V )  c o n t ~ t  o f  t h e  ~ r  ~ i c h  I S  

� 9  ~ % u ~  b y  t h e  a v a i l a b i l i t y  o f  AI i n  t h e  m e l t .  L , ~ c l t l t i c  

/ a ~ m  o f ~  ~ w @  a l l o t s / d e  ~ e n o e ~ s  w i ~  O . x  w t ~  CP~O~* ~ d  ~ o n ,  ~ -  

s t ~ e  a c h o o s e  ~ i o p s l d e  h ~  ~ * 2  w t ~  C r 2 0 3 .  ~ n  t a b l e  2 ~ h  ~ t  ~ a l -  

y s e s  ~ ~ a ~ y e i s  o f  s e ~ r a t ~  c h r o s i ~  d l o p m / d e  f ~ m  t e ~ I t i r  l e u c l t l t  

3 0 6 0 ~  a t ,  , h o ~ .  

~roxenes o f  %he hy-no~tlve series ~re au~ites wlth ~ow a l ~  

This p r o ~ b l y  ref1~ts the hi~her s i l i e a - a e t i v i t y  in the saturated 1arms, 

and th~s is ,~ --~e p ~ c , d  in the a,s~te +r t~, lat~te or Tor~e 

�9 lfi~. ~O670. 

In o n e  t e ~ r l t i c  leuc~t~te(90601) 5~ o l ~ i n e  Is p F e s e n t  ~ a  W a s h ~ n ~ o ,  

( 1 9 0 6 )  d e $ � 9  a l e u � 9  b a s a l t . . ~ t h  1 6  ~ o l i v i n e  f r o m  F l o r d i m e .  

These examples appear to be mr, ex�9 to the S~eral paucity of 

o l i v i n e  i n  t h e  ~ d e r a a t u r a t e d  l a v a ,  o f  t h e  d / s t r i c t ,  a s s e s s o r ?  o r  t r a c e  

~ t a  o f  o l i v S n e  p h ~ o � 9  a r e  p r e s e t  ~ n  ~ o f  t h e  b a s i c  r e e k s  o f  

g h ~  ~ d e r s a t u r a t e d  s u i t e ,  b u t  o l i v i n e  t s  a b s e n t  i n  t h e  f e l s / r  ~ d s r -  

s a t u r a t e d  r o e k s . ~  o c c u r  a s  e ~ d r ~ l  o r  ~ y ~ .  ~ e ~  e ~ , t a l s  u p  t o  

I n � 9  Tn s o w ,  c a s e ,  o l i v i n e  ~ s  ~ a c k e t e d  ~ y  p y ~ x e n ~ +  ~ c e a s u r y  

~ t s  o f  o l l v l n ~  a l w a y s  o c c u r  a s  p h e ~ o c ~ r s t ,  i n  t h e  l a v a ,  o f  t h e  t r a s h -  

y % I s  s u i t e .  R e p r e ~ t a t l v e  ~ a l y s e s  ~ s t ~ c t u r a l  f o ~ l a e  a r e  p r e s e n t -  

ed  ~ t a b l e  3 t o g e t h e r  w i t h  t r a c e  e l e ~ n ~  c o n t e n t s  i n  two  = ~ e r a l  s e p a r -  

a t e s .  Ca i n  t h e  o ~ i v l n e s  p r e s e n t e d  h e r ~  c o r r e l a t e  w i t h  t h e  C~ ~n t h e  r o c k s .  

T h i s  c o r r e s p o n d s  w i t h  t h e  r e s u l t s  o f  W a t s o n  ( 1 ~ 7 ~ ) ,  ~ d  i n d i c a t e s  t h a t  

! TZPH~. LEUCITE i nEUCO- LEOCITITE TEpHRITES LEUCITI TE C llnopY rex'me ,eparat,, 

DIOPSIDE SALITE FERROSALIT BeIDw ~,tectiom li,lt: 
30601 J06/2 a1474 30633 

Se. ~o. Ca, Sb a,d as 
V 
C: ~04U g~ ,,o + / 

3u 26 SO 
zn  $6 37  129  
~a ~6 23 31 
As 1.7 4.~ 10 
Rb S 15 IU 2 

Zr ] 7 4 530 1120 
Nb 1~ IS 

Ba 1 2 8  61 77 
La  4o 27 9~ 

16~  107  2~  

t h e  o t l v i n e s  e q u i l i b r a t e d  w i t h  t h e i r  hoe% l i q u i d s .  T h e  e f f e e g  o f  C a -  

e o n t ~ t  o f  t h e  l l q u l d  ~ I 1 1  p ~ b a b l y  o b s c u r e  t h e  e f f e c t s  o ~  p ~ e 8 8 u r e  

s i l i c a - a r  o n  t h e  C a - c o n t e n t  Of t h e  o l l v ~ n e ~ .  T h e  o l i v i n e  o~  ~ e  

~ t  b a s i c  ~ e r ~ a t u r ~ t e d  l a v e s  ~ t h e  l a v a  OF T P r r e  A 1 f ~ n a  ( ~ )  

h a v e  FO89_~ ~ ~nd h~ Ni r o n t m n t ~  which S n d i c a t e  ~ a t  t h a n e  m y  ~e aesr- 

Xy pe~ry ~ s .  ~h, ,t~,in, or the trachyt~ ,,its are r~yal~, ,i~h 

reflecting the h~g~ Fe/(N~+Fe) o r  thee, - - g ~ s .  The forsteritle o l i v s  

o r  t h e  T o r t e  * l f i ~  l a ~ a  i ,  ~ , ~ y  ~ t ~ k e  o t h ~ ,  o l ~ i , e ,  o f  t h e  , a t ~ r a t ~  

[ a v a s  i n d i c a % I n K  t h a ~  ~ h I s  l a v a  d l f f e P *  f r o m  t h e  o t h e r  l a v a s  o f  t h e  

d i , t P i c t .  

P h l o ~ p i t e  a n d  ~ o t ~ t e  a r e  f o u n d  aa  r a r e  p h e n o e r y s t s  i n  t h e  p h o ~ l l t l e  

l ~ v . s ,  t h e  f e l s i ~  l eu~ l t ~  t ~ p h r i t e s  a ~ d  t h e  h y - n o r m t i # e  l a v a s .  U s u a l l y  t h e y  

P s e u d + m ~ h ,  a p e  m i n t y  a 6 E r , @ + e s  o f  m ~ e ~ t % e .  ~ t~p~ t .  ~s , + - b r o w n  

t ,  t h i n  s e � 9  a n d  i s  m s t l ~  a , l e r o p h e , o + r ~ s t  ~ a s e .  + t o t + t e  i s  b m m  

wlmh s t r o n + e P  p t e o + h r o i + m  a n d  a , o m t o u s  i n t e r + a r e n a s  + a l e u t , .  ~ a r k  m i c a  

a t + a t  i n  s m t t  , o + n t ,  •  t h ,  ~ r o a n d m , s  s r  m , +  t e a , .  

~ r + ~ a t  a n a l y s e s  o e  , ~ e a  a r e  p r e , e n t e +  i n  t a b l e  ~ w ~ t h  s t r u e t , r a l  

r e r m l a e  e a l e u l a + e d  o n  a v o l a t i l e - f r e e  b a s t s .  A b o u t  a t h i r d  o f  t h e  Z-  

p o s i t r o n  t s  o c c u p i e s  b y  ~ t .  h u t  + e +  l l t t l e  ~ t  z ,  p r e s e n t  t n  t h e  Y - ~ s t -  

l i o n .  Am i n  g t s  + a l + n t e d  b y  f e r r + e  i r o n  ~n Y+ The  i n e o m ~ l e t e n e a +  + t  +he  

+ + + r o p r o b e  a n a l y s e s  p r e s s + t ,  a n  e s t l m t ~ o n  o +  t ~ +  r , r r i +  + r a n  + a n t , h r s .  

" ~  was determined in a phlogo+~te s e p n r a t e +  f r o m  tephrite ~1+74  + s  

[ 0 + 2  w t .  ,.: Fe~O 3 a . d  ~ . 2  w t .  +~ P c 0 .  I n  s  X - s i t e s ,  Na a n d  Ba ~ u h s t i t u t ~  

~ a ~ t ~ .  T i  s ~ o w s .  - -*~e r ~ . ~ s  o r  o o n e e . t r ~ t i o . s ,  ~ h i c h  i n  ~ o r a l  ~ o e s  

. o r  r e f l e c t  t h ~  ~ a t ~ e ~  ~ow T~O~ ~ o . ~ e o t s  o r  t h e  l a v e s .  T r a ~ e  e l e ~ n t  

a n a l y s e s  show t h a t  V. R~ a n d  Cs a r e  a l s o  p r e s e n %  a t  r e l a t l v e l y  h i ~  l e v . l s +  
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R e p c c s e n t a c i v e  o l i v i n e  a n a l y s e s  f o r  m a j o r  a n d  t r a c e  c ] o m c . t s .  

l~x:;1 :=ol ::~;5 ;~:2~ ::::2 :=8~ ~:::4 :::8, I%:% :::7~ 
sio 41.3 40.8 40.8 40.6 39.2 37.8 32.9 33.1 41.3 40.8 
Ee02+) 8 .2  tO .O  9 . 2  11 .7  19 .0  27 .7  52 .1  51 .1  8 .2  10 .5  
~o  49.8 47.5 49.9 46.0 41.6 35.0 13.9 14.6 50.2 47.8 
cao .ss .66 49  .50 , 4 3  . 2 6  . 2 ~  
MnO - 
Or203 ~ .0a 

s~ 99.9 9 9 . 0  99.9 99.1 i00.3 1 0 0 . 9  9 9 . 2  99.1 99.7 99.1 

Structural formulae calculated on th~ basis of 4 oxyqen ions. 

Si 1.005 ~.011 .998 1.014 .999 .999 1.010 1.011 1.005 1.009 
Fe,2+ . 168  .207 . 189  .245 . 4 0 6  . 6 l l  1.336 1.306 . 1 6 8  .217 

1.807 1.752 1.816 1.7L2 1.582 1.582 .635 .663 1.822 1.7G5 
Co .014 .018 .Ot3 .014 .OL2 .009 .009 
Mn .00~  
c~ . 0 0 2  

s ~  2 . 9 9 4  2 . 9 8 9  3 . 0 0 2  2 . 9 9 0  3 . 0 0 1  3 . 0 0 1  2 . 9 9 0  2.989 2 . 9 9 5  2 . 9 9 1  

v ~ / ~ + ~  92  89 91  8~ 70 6~ 32  ~4 91  ~9  

+) total Fo a~ Fe.2+. %] below LLO: Cr=.04 

Table 

~epre,~,tat~e =ira and amphibole a,aly~e~ rot | ~nd trace Pie=enid. 

~ c k  t y p e  TE~RITIC L~CITE ~4ONOLITIC SA~JRATED TP~bC%~CrES 

L ~ C I T I T E  ~ R I T E  L , T E ~ R I ~  

s a m p l e  me .  3 1 3 3 7  3 1 6 7 ~  31~7~  ) 1a57  3o669  3o669  3o66~  30670  
co re  r im  co re  r im  

3 n l , ] e  ~ e o n l l o i l ~ d  

O l i v i n e  ~epu ra tes  b y  P. ] .X .E . ( ppm)  

ppm 30601' 30670" 

c= s~0  1~30 
Co lZO 
~ 1320  2 5 1 0  
Zn 150 
Br 3 - 4  
sb  21 
s r  ~ 
z r  38  
Sb  3 
c~ 8 
ea  ~8 

' )  ~ := *s ,~o .  Spec t r ome~ r~  o f  C r .  co  ~ ,d  ~ .  

S i 02  36 .8  36 .2  35 .6  3 8 . 3  36 .3  36 .4  36 .2  34 .6  
A1203  14 .5  16 .2  15 .0  15 .7  13 .9  14 .0  13 .9  15 .5  
FeOt  7 . 5  1 1 . 3  1 2 . 8  11 .7  14.0 1 4 . I  1 9 . 4  Z7 .3  
MqOcao 1811 4 17.6 15.8 17.6 15.1+ 14.9 9.8 10.6 

Na20 . 5 1  . 41  . 59  . ~7  . 31  . 36  . 29  . 25  
KSO 7.53 9.48 9.26 9.55 9.65 9.62 8.94 9.34 
~ o  .z2 .15 .15 
Ti02 1.51 3.46 6.60 2.94 5.51 5.43 6.21 6.31 
Bee 6 .9  1 .68  . 65  L .08  . 64  

s~ 93.6 96.3 96.3 9 5 . 2  9 4 . 8  9 4 . 9  94.7 94.5 

formula based on 22 oxyqem i o n s  

A ~ i  5 -566  5 .320  5 .267  5 .392  S . 4 5 8  5 .474  5 .566  5 .325  
l ( s  2 . 434  2 .680  2 .617  2 .608  2 .462  2 .483  2 .434  2 .675  

A I , v ~  . 056  . 1 2 4  . L 4 4  . 0 9 0  . 1 3 7  
l ~  . 954  1 ,395  1 .577  1 .458  L758  1.776 2.487 2 .224  
~Mn 4"085 3 . 8 6 0  3 .469  3 .907  3 .393  3 .329  2.242 2.420 

. 0 1 4  . 0~9  . 019  
Ti .172 .383 .733 .329 .624 .gt4 .718 .730 
ca  . 0 0 2  
~ a  . 1 5 0  . n 7  . 169  . 0 ~ 8  0 9 0  . 1 0 s  . 0 8 6  . 0 7 5  
K 1 .453  1,779 1.746 1.812 1 .854  1 .846  1.753 1 .834  
a a  . 779  . 185  . 0 7 2  . 1 2 1  . 0 7 4  

15.769 15.843 15.649 15.848 15.659 15.646 15.374 15.493 

z 8 .000  8 .000  7 .884  8 .000  ? .920  7 . 9 5 7  8 .000  8 .000  
u 5 .38 l  5 . ?62  5 .779  5 .838  5 .794  5 .738  5 .53?  5 . 5 1 1  
X 2.388 2.081 1.985 2 .011  1.945 1.951 1.839 1.983 

A n n Z ~  19  22  31 27  34 35  53  19 

+) b e l o w  l i m i t  o f  d e t e c t i o n :  CaO = . 0 2 .  
) S t 0  ~ 1 ~  l . m e  o ~  d e t e c t i o n ,  LLV. s r o  = . 0 s ,  

The  Rb c o n t e n t  i s  s i m i l a r  t o  t h o s e  i n  o t h e r  R O ~  p h l o g O p i t e ~  ( F o ~ a s e r l .  

1972). Althou# Sr is rather hi#. its p a r t i t i o n  c o e f f i c i e n t  with the 

l a v a  i s  o n l y  0 . 2 .  Ba was  n o t  d e t r a i n e d  b y  C ~ d a r l  ( 1 9 7 5 )  i n  t h e  m i c a s  

o f  r i c o  ~ 1 r  b u t  a d e * ~ * i e n e ~  ~n •  a~  h e  p o i n t e d  o ~ t .  ~ b e  

a a c r i b e d  t o  t h i s  e l e m e n t .  The  concentration o f  6 . 8 6  w t .  % ~ 0  in tale 

v r ~ . t a l Z i z ~ n ~  . i c r o -ph l o~op~ te  f r o =  ~ t o . t i t t l e ,  3 1 3 3 7 ,  i s  ~ n ~  t h e  

h i # e a t  r e c o ~ e d  f o r  m ~ t i c  # l o ~ p i t t .  O t h e r  M - r i c h  m i c a s  a r e  r e -  

p o r t e d  b y  T h o m p s o n  ( 1 9 7 7 )  i n  t h e  g r o ~ d m s ,  a f  a l e u c i t i t e  f r o m  A i b a n  

R i l l s  ( 7 . 3 2  w t . ~  B e 0 )  a n d  by W e n d l a n d t  ( L 9 7 8 )  i n  a m a t i c e l l i t e  p e r i d o -  

t i l e  f r o m  t h e  H i . w o o d  M t ~ .  ( 8 * 6 2  w t .  ~ ~ 0 ) .  I n  t h e  [ e u c t t i t e ~  o f  V u l .  

e i n i ~  Ba t a  c o n c e n t r a t e d  i n  t h e  r e s i d u e 1  l i q a i d  b y  t h e  c r y s t a l l i z a t i o n  

C ~ s t a l l i . a t i o .  i n  ~ I [  ~ t .  f r o m  t h t .  l i q u i d  t ~ u .  a t t a m o d  v e r y  h i ~  

c o ~ e n t r a t i o n s .  M i c a s  OT t h e  ~ l s i c  ~ d e r g a t u r ~ t e d  l a v a s  c o u l d  n o t  b e  

~ a l y s M  b,cau,e os  t o t a l  r e s o r p t i o n .  X t  t ~  t h e r e f o r e  n o t  p o s s i b l e  t o  c o s -  

p a r e  t h e  s t . a s  o f  t h e  two  s u i t e ~  o f  l a v e s .  H ~ e v e r ,  B~ i s  l o w  i n  t h e  

m i c a s  o f  t h e  s a t u r a t e d  t r a c h y t e s .  

S p i n e l .  

~o  sp i ne l -~oup  m i n e r a l s  occu r :  a c h r ~ = & t e ,  w h i c h  i $  f o~d  on l y  a s  

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

i n  f e l s l e  t w p h r i t e s ,  p h o n o l i t i c  r o c k s  a n d  t ~ a c h y t e s ,  8 n d  a s  a u b i q u i t o u s  

g ~ o ~ d ~ s s  c o n s t i t u e n t .  One o r  two  ~ e t i t e  g r a i n s  f ~ u e n t t y  a ~ e r e  

t o s a l i t i c  p y r o x e n e .  G r e ~  c o r e s  i n  p y r o x e n e ~  $ o . e t i m e s  h a v e  ~ g n e t i t e  

i n c l u s i o n s .  R e p r e s e n t a t i v e  analyse~, f o ~ l a e  ~ d  e ~ l e m b e r  c o @ s i t l o n s  

f o r  r  (after I ~ i n e ,  1965) and for m@etltes o n  the basis of 

ulvesplnel (after C a ~ i c h a e l ,  19678 ~ are given in table 5. Me,elite is 

t i t ~ l t e r o u s  ~ d  a l u t i n i a - r i c h  a M  is o f t e n  seen i n  r . f l e c t e d  l i g h t  t o  b e  

~ r t l y  m r t i n i z e O  o r  t o  h a v e  e x $ o t u % i o n  l ~ e t t a e  o f  i l m e n i t e .  The  t r a c e  

e l . ~ t .  ~ h o .  h ~ g h  V ,  Z n ,  S r  ~ Z r .  

T h e  ~ g n e t i t e  p h e n o e r y * t s  o f  t h e  two s u i t e s  o f  [ a v a s  c o n t r a s t  i n  T I O 2 .  

T h e  s p e c ~ e n s  31h57 a n d  ~O63h aro co~r~bs co 306~ ~ d  ~O~6h with 

r t s p e e t  t o  D . Z .  ( t a b l e  9 ) . . b u t  t h e  m ~ o t i t e *  o ~  t h e  h y - ~ t i v ~  * a v ~ a  

~re c.5~ h i~e r  in Tie z than thosw o f  *ho undersatueated suite. Plagioclase 

th| i,d~e,tes a towm~ c~,tat*~z, tion t--p,r~t,,e rot the hy- 

nomtlve l a v a s .  These f~tures ~ y  be *nt,rpretad i, tw, ways. Either 

TEmSITIC 

L. e,O~OL. 

3063~ 

40.1 
10.4 
,6.0 
*07 
n.5 
2.11 
2.17 ~log~pit e .ep- 

arate by P.I.X.E. 
1.77 
.04 (pps) 

94.S 

.......... lii ...... 

6 .  243  TEPHRITE 
1.757 
.15~ ~1474 

. 079  

2 .487  ~ 96~424 

~.911 
. 636  Rb 967  
. , i n  3,~2 
, o05  9s  

ZS .g I2  223  
6960  

8 .000  
4.949 
2 .984  ee *ew  d * t e c t i o . :  

f e r r~  , r . N i , C u , A . , S e , Y ,  
pargasite Nb.Mo,Cd.Sn,Sb. 

La, ~d C~ 

t he  d i f f e rence  i n  u t v~p ine l  ( 14 -15~  be tween  pa i r s )  was  caused  by  a l owe r  

f0 I n  t h e  h y - n o m t i v e  [ a v e .  o n  t h e  b ~ s i ~  o f  T B u f l d i n g t o n  & L i n d s l e y  

( 1 9 6 ~ ) .  or t h e  difference was  c a u s e d  b y  a s l i # t l y  h i # o r  TtO 2 c o n t ~ t  

( r  i n  t h e  h y - n o m t i v e  l a v a s .  

A . ~ h i b o l ~  

A c c o r d i n g  t o  W a s h i n g t o n  ( 1 9 0 6 )  a m p h i b o l e  i s  e x t r e m e l y  r a r e  i n  t h e  R o m n  

and Ca~anlan Province~. It has not previously been r e p o r t e d  [ ~ s  th* 

V, Lstnta, 0i*trlct. b,t wa~ ob~e~ed i, o,e tephritir lq~t, pho,el*te. 

3 0 6 3 2 ,  =he re  t t  [ s  p r e . e n t  i n  a c c e s s o r y  a s o ~ t s  a s  a = t c r  I n  

t h ~ n  * e e t ~ o n  ~ t  t s  p l e a e h r a ~ e  I n  b r o ~  a n e  o l i v e  g r e e n  c u t o u t s .  ~ d  m~o~s 

t b r o u ~ o ~ t  t h e  t h i n  s e c t i o n .  F o l l o w i n g  L e a k e  ( 1 9 7 8 ) .  ~ d  a w s = i n $  t h a t  

FO ~ *  i s  l a s s  t h a n  At  ( v I ) ,  i t  I t  a p o t a a s i a n  f e r r o ~  ~ r ~ s t t e .  T h e  ~al- 

y~i~ ~d caleulatea volatile-free for~m~ are ~ven in tabl~ ~, Thls as- 

ph*boI~ ~s ,~=il~ to the a~era~, oo,pos~t• or ~ r o ~  a=p~ibole~ 

r r o s  t h e  S ~ b a t i n i ~  D i s t r i c t  ( C ~ d a r i .  1 9 7 9 ) .  

L e u c x t e  

C l e a r  o r  m i l k y  l e u e i t e  i s  a m $ o r  c o n s t i t u e n t  o f  a l l  o f  t h *  ~ d e r ~ a t u r -  

a t o d  l a v a * ,  a n d  i .  a p h e n o c ~ s t  p h a s e  s m a t .  I t  d o e s  n o t  o c c u ~  i n  t h e  

h y - n ~  r ~  The  w i d e  r a n g e  o f  s i z e  o f  l e u e l t e  c r y s t a l s ,  c o - - n a y  

u p  t o  1 c a .  g i v e s  t h e  c o r k s  a ~ e r i a t e  t e x t u r e .  P l a g i o c l a ~ e  m s  

o r y s t s  i n  t h e  f e l ~ i c  r o c k s  a r e  o f t ~  n u c l e a t i o n  c e n t e r s  f o r  l a r g o  l o u c i t e  

p h e n o c ~ y s * s ,  wh•  c o ~ . l y  i . c l u a e  1 - 5  ~ l o n e  s a l i t e s .  I n  t h e  ~ e p h r s  

laves, teucite occurs in egresses. 0.5-2 cm in diameter, together with 

c e n t r i c a l t F  o r  e~edratiy arranged, m i c r o n - s i z e d  i n c l u s i o n s  o f  ~ s  b u b b l e s  

o r  s p h e r e s  o f  ~ [ a s s  a r e  n o t  ~ c o m n  i n  t h e  l a r g e r  c r y s t a l s .  M o s t  t e u e i t e s  

a r e  r a t h e r  f r e s h ,  b u t  a f e w  a n a l c i m i ~ e d  c r y ~ t a l *  o c c u r  i n  h y O r o t h e * m U y  

a l t e r e d  t a v a s .  No p * e u d o l e u c i t e  was o b s e r v e d .  

Major ~d trace element ~alyses ~d structural for~la e are ,s in 

t . b t e  6 .  ~o e t e ~ r  , y s t em t i e  va r i a t i on  i n  eh~i~tU w~s d e t e c t o d ,  a Z t h o o ~  

t h e  a ~ u n t  o #  t h e  o e t h e c l a s e  m l e c u l e  i n  s o l i d  ~ l u t i o n s  s h o o s  . u s e  t e n d -  

. ~ y  t o  ~ n * r e a s o  t o ~ a r ~  ~he  r i = ~  o f  t h e  p h ~ n o * ~ . t ~ .  ~ e  ~ e  o f  t h i ~  

~ o l i d  s o l u t i o n ,  5 - 2 2  m l e  ~ .  i s  c o m p a r a b l o  t ~  t h a t  i n  l e u e i t e ,  f r o =  t h o  

V i c o  v o l c a n o  ( C ~ O a r i .  1 9 7 5 ) .  ~ e  m x i m u m  u p t a k e  o f  o r t h o c l a s e  i n  l e n t -  
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T ~ b t e  ~ .  

H e p r t , m t a t t v e  s p i n e t  a n t l y ~ e ,  f o r  s ~ o r  e Z e s t , ,  a l ~  

o n e  t r i c e  s l ~ t  a n a l y s t s +  

~ c k  type L ~ Z ~ T E  S ~ R ~ S  T E ~ a .  m 0 N .  

s i o ~  ~ - - - * - . 0 8  .08 
A1203 9[ .6 10.5 7?0 5.20 3.97 3.25 3.42 2.45 
Fe~O 4 . 1  1 2 . 9  51.1 5 0 . 4  5 4 . 5  4 8 . 9  4 8 . 5  3 9 . 7  
Fe O 3 1 7 . 0  2 2 . 8  3 2 . 2  3 6 . 7  3 4 . 3  3 6 . 5  3 6 . 7  4 3 . 2  
M&,O 1 0 . 4  5 . 9 5  2 . 7 1  1 . 9 0  1 . 2 8  1 . 9 6  , 2 7  
CoO - - . 2 1  . o 1  + 
~nO .30 . 5 2  .47 .74 - 1.42 . 6 1  .79 
T i 0 2  . 4 7  , 4 2  5 . 3 9  6 . 1 3  4 . 0 5  9 . 0 ~  9 . 1 0  13.7 
Cr~O~ a S . 4  4 2 . ~  s . i o  

iI 9 7 . 2  9 5 . 2  9 8 . 9  9 9 . 2  9 8 . 5  1 0 0 . 7  1 0 0 . 4  100 .2  

+ )  ~ . 3 * / p e 2 +  o ~ t . * n , d  r~= t o ~ l a ~ . l � 9  w b , * o ,  ~ ,  . a s  

s t ~ e t . p a l  r o ~ l a .  ~ n  ~ l ~ I  ~ t  ~ o z f ~ m n  1 o n .  ~ d  2~ c a t - - i f  

m e ~ e t l t a  o n  ~Vllp~ll-~Ill I ( ~ h a ~ i c h a e l , l y 6 ~ )  ~ d  

s* . 016  .024  . 0 2 4  
Ag 3+066 3.517 2.393 1.838 ~+404  1,129 1.186 .86~ 
~',)~ .~0 2.772 11.239 11.a1~ 12.770 10~844 10.7~9 S.91a 
F . , 2 +  3 . 8 5 8  5 . 4 2 9  7 . 8 8 8  9 . 1 9 4  8 , 0 6 5  9 , 0 2 7  9 . 0 2 2  1 0 . 7 9 0  

4.186 2.531 1.179 .849 .567 .859 .120 
Ca . 4 ~  .067  .ooa 
Nn . 0 6 9  , 1 2 5  .117 . 1 8 8  . ] $ S  .152  . 200  
T i  . 0 9 6  , 0 9 0  1 . 1 8 4  1 . 3 8 3  . 9 1 3  2 . 0 1 1  2 . 0 1 1  3 . 0 8 6  
c ~  1 1 . 8 8 0  9 . 5 3 ~  . ~ 8  

24  - 0 0 1  2 3 . 9 9 7  2 4 . 0 0 0  2 4 . 0 0 0  2 4 . 0 0 0  2 4 . 0 0 0  2 4 . 0 0 0  2 4 . 0 0 0  

r Z , 8  2.2 17.4 1 9 , 6  12.5 27.1 27.3 40.9 
~=It, 4S.S SS.9 
~ 27.6 
�9 p ~ . 1  1 8 . 9  2 1 . 7  
~ l i ' - n I ~  S . l  9 . 6  

t i t  "7.6 8 2 . 6  8 0 . 4  @7.$ 7 2 . 9  7 2 . 7  ~ 9 . 1  

�9 ) l ~ w o  ~ t t e r  t o t a l s  ~ e ~ l c u I a t t o n ~  ~ m M  ~ u  s  

~ a ~ e t ~ t e  ~ e p a ~ a t ~ s  b y  ~ . I . X . ~ .  ( p p m )  

f I .......... 
L K ~ r T X T ~ ,  30633 

~S40 Z r  237 
�9 7 m ,  ~6 

5 9 8  Cd 1 . 6  

1 aa  11o 
299 La 1 0 6  

11 Ce 1 6 0  
Pb 47  

Analysis by P . I . X , E .  ~n ppm. 

~ 1 ~  uuv: o r ,  A s .  s t ,  ~ o ,  ca .  s b .  c s  

�9 a b X o  7. ~ e p r ~ s . ~ t a : l v .  a ~ x a l ~  r . t d s p a r  a ~ l y s r  e a r  ~or ~ t r ~ c ,  ,z~,n~, 

r o ~ k  ~ym~[ TEP~R~TIC �9 TEP~. SATURATE D TRA~ES 

[ ~uciT~ ~aO~OLIT~S L~0CCT. 

sample 30632 [ 30634 30634 30633 30669 ~0669 1 30664 30664 
n o .  m a n t  &J | c o r e  r i m  c o r e  r i m  I ~ o r e  ~ 

SzO 2 65.0 60.9 61.2 59.7 63.8 64.3 66.0 64.3 
~1203 18.9 20.0 2 0 . 6  19.0 19.1 18.9 18.5 18.6 
re203  t) . 2 ~  . 3 6  . 3 3  . 8 3  . 2 6  . 2 4  . 1 9  . 1 9  
: a o  , 8 6  . 7 0  . 7 9  .~6  , 4 6  7 3  .57 . ~ ?  

3.44 3,28 3.94 2,17 1.97 2.70 2.53 2.20 ~a20 
g 2 0  1 0 . 9 6  8 . 7 1  7 . 7 7  9 . 8 4  1 2 . 7  1 2 . 6  1 2 . 2  1 3 . 1  
r ~ o  2 ~ - - . 0 7  - 
SrO g 1.34 1.21 1.15 .28 . 2 8  
SeO . 0 7  4.53 3.75 5.61 .68 .59 .20 . 3 7  

s~ 99.5 99.9 99.6 99.7 99.3 100.8 100.2 99.1 

s a n i d l n e  ~ n t l e  o n  p l a g z o e l a s e  p h e n o c r y ~ t ,  t )  t o g a l  i c o n  a+ r e 2 o  3 
~) # e l ~  LiD: SrO = . o5~ t% 
Structural s o e  b a s ~ 8  os  32  exyeen ~ons. 

/I.881 11.388 11.372 11.291 ll. Sii 1 1 . 7 6 0  12.001 11+903 
4 . 0 0 L  4 . 4 1 4  4 . 5 2 3  4 . 4 2 7  4.t75 4 . ~ 2 4  3 . 9 7 2  4 . 0 5 5  

. 0 3 4  . 0 5 1  . 0 4 6  . ~ 1 8  . 0 0 6  . 0 3 a  . 0 2 6  . 0 2 6  

.168 .158 .157 .i13 +091 +091 .III .073 
1.219 1.190 1.421 .796 .707 .958 .892 .790 
2.5~5 2.079 1.844 2.~76 3.004 2.943 2.832 3+I03 

.OlO 
. 0 9 8  . 0 5 8  . 0 0 5  . 0 2 0  . 0 2 0  

. 01o  . 6 3 6  . 5 3 3  . 7 9 3  . 0 9 4  . 0 8 1  +027 . 0 5 1  

~ 196949 20.014 19.975 2o.012 s 20.095 i~. 862 z0.003 

~ 9 5  4 . 1 6  4 . 0 3  4 . 1 6  3.92 4 . 0 9  3 , 8 6  4.02 
1 6 . 0 0  1 5 . 8 6  1 5 . 9 4  1 5 . 8 5  1 6 . 0 2  1 6 . 0 1  1 6 , 0 0  1 5 . 9 8  

Or 6 4 . 6  4 9 . 9  4 5 . 7  5 7 . k  7 6 , 6  7 2 . 0  7 3 . 4  7 7 . 2  
~b  3 0 . 8  28.5 35.2 19.1 18.0 2 3 , 4  23+1 19.7 

4 . 3  s.~ 3 . 9  2.7 2 . 3  2.Z ~*9  1 . 8  
Ca .3 15.4 13.0 1 9 . 0  . 5  .5 . 0  , o  
Sc _o 2 . 4  2 . 2  2 . 0  2 . 4  1 . 9  .7 1 . 3  

i ................... I .................... 
e'c~ktlP LEUCIq'IT~S Ts LEU. TEPhRI'rE LSU. P~O~OL. 

....... I ..... ..... I ..... .............................. - o .  / u e h •  c o r e  r~m c o r e  c~m 

~ go  2 5 6 . 4  5 6 . 8  5 6 . 5  5 7 . 0  55.6 5 7 . 0  5 6 . 8  5 5 . 3  5 6 . 2  
120 j 2 2 . 3  2 2 . 7  2 2 . 2  22+4 2 2 . 8  2 2 . 3  2 2 . 5  22.4 2 2 . 4  
e203t .44 .30 .50 .27 .24 .33 .36 .40 .30 
a20 .50 .07 . 6 3  .25 .35 . 1 6  .79 .26 .04 
o 20 5 21 o 20 8 20 i 2 0 . 6  2 0 . 9  19.5 2 0 . 7  2 0 . 9  

um 100.2 100.9 100.6 t00.1 99.7 100.6 100.8 99.1 99.8 

S t r u c t u r a l  f o r m u l a e  on b a s t s  os 6 o~ygen aons. o r  = g x (SI  A I - F e - ~ a - K ) .  

~e 2"033 2.034 2.0]~ 2.048 2.018 2.045 2.040 2.021 2.035 
1 9 5 0  . 9 5 8  . 9 4 ~  . 9 4 9  . 9 7 7  . 9 4 1  . 9 5 3  . 9 6 7  . 9 5 5  

. 0 ~ 2  . 0 0 8  . 0 ~ 4  . 0 0 ~  . 0 0 7  .009 . o a o  .Oll - o o 0  
_ 0 ~  . o o s  . 0 ~ 4  . 0 1 7  . o z ~  . 0 2 1  . o s ~  . o ~ s  - 0 0 3  
.945 .961 .953 .922 .955 .956 .896 .965 .968 

3.976 3 . 9 6 6  3 . 9 8 7  3 . 9 ~ 4  3 . 9 8 0  3 . 9 6 3  3 .954  3 . 9 8 2  L 9 6 9  

12.0 13.6 10.5 20.4 7.2 17.1 16.8 a.0 13.5 

Leucite s e p a r m t e s  b y  P . ~ . X . E .  (p~m) 

LEUCITE TEp~RITES T~p~R.  LEUCITXTE 

30672 31474 30633 30633 

4120 5110 4400 
285 ~69 ~0~ 278 

~4 
37  55 40 
~7 2 4  ~8 20 
16 i i  22 19 

. 2  a . 0  m3 iz.i 

1280 1690 1210 1200 
~4 32 ~S 40 

1o 
2~ 

3.4 
1.o 
3.3 

73 1 4 7  86  84  
964 i18 132 

12 
~8 30  14 ~3 

Below LLD and not show~ ~n table: Cr. Ni and SD 

phenocryst size. 

a l k a l i  f ~ * d . p ~ r  s e p ~ o s  

T r p a ~ .  TRaCHyT~ 
LEOCl'~. 
3O633 ~ 0 6 6 4  

tb 30D Ts 467 Rb 516 
,~ 68  s r  2 2 5 o  

CU 31 zr 121 
~ a  2 8  c s  7 

9 . 3  Ba 4 1 6 0  

i r e  a t  1 k b a r  v a s  d e t e r m i n e d  t o  a b o u t  3 0  w t .  ~ b y  ~ e K ~ z t a  o t  a l .  ( 1 9 7 ~ ) ,  

who a l s o  t a m e d  t h a t  t h e  s o l u b i l i t y  was  t e , ~ o e r a t u r e  d e p e n d ~ t .  T~e e x c e s s  

s i l i c a  a i ~ t  0 1 ~  r e f l e c t  t h e  I n c r u s t s  S i 0 2 - a c t i v s  i n  t h e  r e . i t  

�9 a r ~  ~ t s  o f  l e u c l t e  p r  f ~ o m  t h e  m ~ .  O t h e r  o c c u f r  

o f  l e u c l t e  w l t h  e x c e s s  s i l  i c a  a c e  t i t @  bY C ~ a r i  ( 1 9 7 5 ) .  s o t i ~  c o v e r s  

a b o u t  h a l f  t h e  ~ o ~  r a ~  o f  s o l i d  a b l u t i o n  s ~ t u r a l  l e u c i t e s  ( F ~ a l i .  

1 ~ 6 ~ ) .  Ca I s  a m i n o r  e l ~ n t  ~ s u b s t i t u t e s  f o r  N~ i n  6 - c o n n i p t i o n  

( S - ~ s i t i o n s ) .  I n  c o n t r a s t  t ~  t h ~  l e u r  f r o m  %he l e u c i t e  H i l L s  ( C ~ r -  

. l ~ h ~ e l ,  1 9 6 7 b )  o . l y  s ~ Z ~  ~ m . n t s  o r  i r a .  a c e  p r e s e n t .  T h i s  g s  p r o b a b l y  

c a u s e d  b y  t h e  c o n t r a s t i n g  a c t i v i t y  o r  a l ~ i n l a  i n  t h e  t w ~  p ~ V t n c o a ,  

O n l y  a s  t r a c e  e l e m e n t ~  a r e  p r e s e n t  i n  h i g h  c o n c e n t r a t i o n s  i n  t h e  l e a -  

c i t e s .  " t h e s e  a r e  Rb .  CS ,  ~ r  a n d .  1 .  some I n s t a t e s .  Ba .  s u b s t i t u t i n g  i n  

1 2 - c o o r d i n a t i o n  f o r  K,  a n d  I s .  s u b s t t t o t i n g  r o t  S i .  P r ~ l o u s Z y .  ~ o ~ s o n  

( 1 9 7 7 )  r e p o r t e d  t h e  p o s s i b l e  e x i s t e n c e  o f  two  t y p e s  o f  l e u e i t e ,  i n  a l a v a  

f r o m  C o l l i  l l b a n i ,  t h o  d i f r . r ~ n c e  h e i n z  e v i d ~ t  f r o J  t h e  h c o n t e n t .  

L a r g e  a ~ t s  o f  Ba a r e  s i s ~  P r e s e n t  i n  t h e  l e u e l t e ~  a n a l y s e d  b y  . e n a c t -  

s o n  ( 1 9 6 5 ) .  
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A l k a l i  F e l d s p a r  

~n the . n d e r s a t u r a t e d  z e r o e s ,  a l k a l i  feldspar ~ n l y  a p p e a r s  a e a  p h e n o -  

c ~ s t  phase a m n g  t h e  r e s t  f e l s l c  ~ o n o l i t e s ,  where i t  occur~ i n  low c o n -  

c e n t r a t i o n s  { l e s s  t h a n  2 Y o l  ~)  o f  e ~ e d r a l  p r i s ~ s  a f ~  e i l l i ~ t e r s  i n  

l e n g ~ .  ] n  a f ~  l a v a  f l o w s  ~ e n o c ~ s t s  o f  a l k a ] i  f e l d s p a r  ~ e  Up 

~ro~ lO ~1 ~ .  I n  the hy-formtive ~ock5 alkali feldspar ~s ubiqulto~@. 

San td i ne  occurs ae t a b u l a r  crystals up  t o  e e n t i ~ t e r  size. ~d cempr ise~ 

b e t w e e n  ~ ~ d  23  c o l  ~, o f  t h e  r o c k .  

R e p r e s e n t a t i v e  ~alyses. s t ~ c t u ~ l  f o ~ l a e  w~d c a l c u l a t e d  ~d -members  

a r e  ~ i v ~  i n  t a b l e  7 .  I t  i s  e~ident t h a t  b o t h  BaO and SrO ~ r e  m J o r  

~  i n  many  o f  t h e  e l k  a l l  f e l d s p a r s  of t h e  ~ d e r s a t u r a t e d  ~ c k s ,  i n  

z o n t r a s t  t o  t h e  a l k a l i  f e l d s p a r s  i n  t h e  h y - ~ o ~ t i v e  ~ c k s .  w h i c h  a r e  ~ .  

~d S r - p o o r .  A c c o r d i n ~  t o  the n o ~ n c l a t u r e  o f  D e e r  e t  e l .  { 1 9 6 3 ) ,  t h e  

~ s t  B a - r i � 9  a l k a l i  f e l d s p a r s  ere  h y a l o p h ~ e s  ~ d  t h e  r e s t  a r e  s a n i d t n e s ,  

T h e  h i g h e s t  c o n e ~ t r a t l o n  o f  S r  i n  n a t u ~ l  m g m ~ t i c  s ~ i d x n e s  o u t s i d e  t h e  

R O ~  P r o v i n c e  ~as r ~ o r d ~ d  by  K u t o l l n  ~ d  P . l o v a  ( 1 9 7 0 ) .  a n d  t h e i r  

v a l u e  o f  1 , 5 1  wto  ~ SrO i s  n o t  ~ � 9  h i g h e r  t h a n  t h e  v a l u e d  i n  t h e  V u l s i n i  

s ~ l d t n e e .  L ~ r n ~  e t  e l .  (19~1) r e p o r t  h i ~ h e r  B ~ - c o n t e n t s  i n  m g w ~ t l e  

a l k a l i  f e l d s p a r s  o r  t h e  Hi~od Mrs .  t h ~  t h o s e  f o ~ d  in V u l s i n i .  T h e  

s ~ n i d t n e e  o f  t h e  V l c o  v o l c a ~  ( c ~ d a r l .  197~)  do n o t  c o n t a i n  S r  o r  Ba i n  

m r s  t h ~  trace amirs. ~ e  ~ u e o a l l y  h i g h  l ~ e l s  o f  t h ~  two e l e ~ n t s  

i n  a l k a l i  felds~r h a v e  a l s o  r e c e n t l y  h e ~  r e p o r t e d  by  C U n d a r i  ( 1 9 7 9 )  

f ~ m  t h e  S a b ~ t t ~ z ~  D i s t r i c t ,  s o u t h  o f  V u l s i n l .  AS suK~es ted  for ~ -  

~ h l o ~ p i t e ,  i t  ~= bel/~ed t h a t  e~idlne e ~ y a t a l l * a e d  l a t e  f r o .  a li~uld 

~ r i e h e d  i n  s r  a n d  Be .  T h e  Rb c o n t e n t s  e f  the  h y a l o p h ~ e s  a n d  s ~ i d / ~ e .  

are ~ h  l ~ e r  t h ~  Sr a n d  B e .  T h e  a l k a l i  s  o f  t h e  h y - n o ~ t i w .  

s u i t e  a r e  ~ e h  l o w e r  i n  s t .  Ba ~nd  A b - c o m p o n ~ t .  T h i s  i s  t h o u g h t  t o  be  

a e o n ~ e q u ~ c e  o f  l o w e r  S r  ~ d  ~a  c o n c e n t r a t i o n  i n  t h e  b y - n o - - t A r e  l a v e s .  

s . ~ l l e  t h e  h i ~ h a r  A b ~ c o m p o n e n t  o f  t h e  v m d a r s a t u ~ t e d  ~ h o n o l i t i e  l a v a s  m y  

be d u e  t o  d a p l e t i ~  o f  K ~ t h e  m e l t  by l e v i t e  e r y s t a l l i z a t l o n .  

p l a ~ o c l a s e  

In t h e  t m d s r e a t u r a t ~ d  X a ~ s ,  p l a ~ i o c l a s e  i ~  p r e s e t  a s  p h ~ c r y s t s  / ~  

rocke o f  t a g h r l t l c  a ~  p ~ o ~ l l t i r  � 9  b u t  I t  i a  n o t  a b u n d ~ t .  

I t  f o m  e ~ h ~ d r a l  t e  ~ u n d e d .  s h o r t ,  a l b i t e . t w i n n e d  p r i ~ ,  M o r a l l y  l e e s  

th~  O.~ m i ~  l ~ R t h .  P laC id �9  i s  p r e s e t  i n  t h e  Rrotu~dmss o f  a l l  

I R ~ s  o f  t h e  d i s t r i c t .  I n  t h e  h y - ~ m t l w e  l a ~ s  i t  i s  a b ~ t  a s  a 

~ h ~ e r y s t  p h a s e ,  w h e ~  i t  u t e a l l y  f o ~  s u b -  t o  e u h e d ~ l ,  1-~O m l o n ~  

l a t h s  or p r i s m ,  w h i c h  a r e  ~ . t l y  a l b t t e - t w i ~ d ,  ~ a t  o � 9  

C a r l s b a d  ~ d  ~ w ~  tw/~m a r e  emma. A l l  p l a @ i o c l a z e  i s  m t ~ n g l y  o a � 9  

s t o r y  zoned w i t h  5O-lOO ~ones o f  a ~ l i t M e  o f  a f ~  a l e  ~ A n,  c o m b i n e d  

wlth a p ~ r e s s i v e  z e ~ t i 0 n  o f  u p  t o  An b e t w e ~  co res  and r~. 

A n a l y s e s  a n d  f o ~ t a e  a r e  p r e s e n t e d  i n  t a b l e  8 .  The  p l a g i o e l a s e s  a r e  

e m l e i � 9  ~ ~ ~ h o n o l i t e z  ~ t ~ � 9  A~ 93-An 72* D ~Iy  s o ~  t ex r ~  

r~ m  � 9  a r t  e l  l * b e a ~ o r i t w .  N o e l  ~ o ~ t i o n  I s  t h e  R i o .  The 

S r  c o n t e n t  i s  v e r y  h i ~ ,  ~ d  *a  t h e  V u l s ~ n i  p t a f i o e l a e e e  e x c e e d s  t h e  u p p e r  

N e p h e l i n e  

N e p h e l t n e  i s  c o m a  a s  a v e s i c l e - f l l | l n f  end a I a t o ~ r y s t a I l i z ~ n g  

phase i n  t h e  f m u n d m s s ,  b u t  i t  has o n l y  been o b s e r v e d  In a f ~  specimens 

as ~e~c~sts. ]n table lO the analysis of a ne~elxne microphemocryst 

in ~ l e u ~ l t e  t e ~ r i t e  is p r e s e n t e d .  The t e m p e r a t u r e  o f  c r y s t a l l i z a t i o n  

Is calcHla%ed bY t h e  ~ t h o d  o f  l l am l l t on  ( 1 9 6 1 )  to be m 0 7 o ~  

" a g y n e  

H a ~ n e  i s  p r e s e n t  i n  n o t a b [ e  a ~ t s  I n  o n e  t e p h r i t i c  @ o n o l l t / e  t e u c -  

l t i t e .  ~ 3 ) .  It o c c u r s  as e ~ e d r a ]  c l e a r  m i c r o - p h e n o c ~ m t s  (2 5 we1 ~ )  

Am a n a l y s i s  i s  ~ i v e n  i n  t a b l e  IO,  I n  s e v e r a l  o t h e r  p ~ o n o l i t i c  r o c k s .  

h a f i y n e  o6r in tr~r amunts a s  t i n y  l n r  In sanidJne ( o r  ~lo- 

p h a n e ) .  I n  t h e  l a t t e r  e a s t  h a f i y n e  h a s  t h e  c h a r a � 9 1 6 9  b l u e  c o l o u r  a n d  

b l a c k  r i m .  

T a b l e  9 .  

T e s p e r a t u f e s  or assamed e q n l l I i b r i a  b e t w e e n  r i m s  o r  

p l e g i o c l a ~ e s  ~nd t h e i r  h o s t  l i q u i d s  ( i , e .  c a l c u l a t e d  

g r o u ~ s * e s ) .  C a l c u l a t i o n s  ~ r e  b~sed on Mathe= ( 1 ~ 7 ~ ) .  

~ e k - t y p e  sample no .  D.X. T 

L e u c i t e  tephrite 31~12 5~ 1230er 

Phonolitir l e . . t e p h r i t e  3 ] ~ 7  65 1225~ 

T e p h r i t l c  l e u . p h o ~ l l t e  ~ 0 6 3 2  79 12,>O~ 

Tephritic l e o , p h o n o l i t e  ~6~ 80 1200~ 

T r a e h y t e  30669 6~ 1125~ 

T r a e h y t e  3066~ 80 1120~ 

T r i d y . i t ~ e  

N ~ u s  ~ d e d ,  p a r t l y  fra~ted t r i d y s i t e  c r y s t a l s ,  a b o u  t 1 m 

i n  s i z e  o c c o r  in t h e  latite t r a c h y t e .  3O670.  T h e  s i l i c  a i s  s u ~ n d e  d 

by  8 r i m  o f  ~ l a s s  a n d  a c o r o n a  o f  s ~ l l  p y ~ x e n e  l a t h s  s h o w i n g  t h a t  i t  

i s  n o t  I n  equilibri~ w i t h  i t s  h o s t  l i q u i d .  Tmce e i g h t  ~ l y s t s  

(PIXE) r ~ e a l e  o n l y  few ekem~ts above t h e  l i m i t s  os  d e t e c t i o n :  h& pF~m 

~*sc.sslon. 

~, ~ersat~at,d sulfa. 

The t e x t u r e  o f  t h o s e  b a s i c  lavas ( l e u c i t i t e s  a n d  t e p h r i t i c  

l ~ c l t i t e s  . w h i c h  do n o t  c a r r y  t w o - c o ~ p o n ~ t  � 9  i n d i c a t e  

t h a t  d i o p z i d c  _+ o l i v i n  e was  t h e  l i q u i d u s  a s e e m b l a @ e .  C h ~ m ~ a n  d l o p s l d e  

~ d  o l i v i n e .  Fo89_92, w i t h  h i R h  N i  ~ n d i c a t e  t h a t  t h e s e  l ~ s  m y  be 

n ~ r t y  ~tle-derlved liquids. ~ E  the b@~Ic ~ersatu~ted l avaa ,  it 

is s i ~ l f i c ~ t  t h a t  o l i v ~ e  im p r e s e n t  o n l y  i n  some o f  t h e  r e s t  W i c  

f l o w s *  T h i s  is c o n t r a r ~  t o  t h e  I m p l l c a t l o n e  f~m the phase b O ~ d a r l e s  

Table 8. 

R e p r e s e n t a t i v e  p l a 0 x o c l a s e  a n a l y s e s  for ~ J o r  a n d  t r a c e  e l e v a t e .  

k t y p  ~_ptiRiTE LEU. TE~M~ITE L~UCITE P~ONOLIT~ J 

30669 30669 30664 30 s z ~ p l e  31412 31412 31412 31457 31457 30632 30~32 30634 30634 core rim ~ore r im 
core rim rim core rim core r m core rim 

SiO 2 45.1 47.3 52.2 45.3 48.1 45.7 48.1 47.9 50.6 46.1 50.3 48.1 L-.3 [ 51-3 

. . . . . . . . . . . .  ~ 29:, . . . . . .  :~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~:,'9] 
Fe203 t) .90 . 2 6 .80 6 .80 .87 .87 .69 .67 .79 .57 . 9 
CaO 18.6 16.4 12.3 16.7 15.3 17.7 15.5 15.5 13.4 18.4 14.1 16.0 14.2 
N~20 .83 1.90 3.89 1.23 1.97 1.02 2.06 2.01 2.93 1.06 2.70 1.94 2.86 
K20 - .21 .56 .28 . 4 7  .33 ,39 .15 .53 .25 .73 .33 .47 

. 60  1.13 1.05 sro .39 .61 I.II 1.22 ~44 .07 .12 .13 - ~20 ~13 
~o - - i - -  0~ __L_ 
s ~  99.?  99 .7  99.0 99 .2  100.0 99 .3  99 .3  99 .8  99 .7  100.2 98 .9  99.2 

t} total ire, as Fe203. S} bel~ LL~: 5aO~ .05wtZ 

~t~r formulae o n  basis of 32 ogy~n ions. 

Si 8.393 8.774 9.570 8.474 8.896 8.528 8.926 8.864 9.310 8.500 9.283 8.899 9.300 
A1 7.413 7.093 6.354 7.458 6.999 7.323 6.941 7.031 6.608 7.338 6.598 7.005 6.643 
Fe .12& .129 .i05 .113 .120 .112 .122 .121 -096 -093 .ii0 .079 .067 
C~ 3.715 3.253 2.414 3.358 3.~34 3.530 3 . 0 8 3  3.066 2.646 ~.636 2.802 3.169 2.768 
S~ .299 .684 1.384 .447 . 706  .369 .742 .722 1.046 . ~79  .967 .~97 1.006 
K .050 .131 .067 .111 .079 .092 .035 .125 .059 .172 . 0 7 8  .I09 
Sr .028 .044 .081 .088 .032 .044 .082 .076 - .015 .009 
~ a  . 0 0 7  . 0 0 6  .01~ . 010  

. 

s~ 19.987 20.033 19.958 19.998 19.954 19.978 19.959 }9.938 19.924 20,004 19.932 19.946 19. 902, 

Z 4.04 4.04 3 . 9 3  3.95 3.94 4.02 3.97 3.92 3.91 4*07 3.94 3.96 3.89 
y 15.95 16.00 16.03 16.05 16.02 15.96 15.~9 ~6.~2 ~6.ol 15.93 15.99 15.96 16.01 

An 91.9 80.6 61.5 84.9 77.1 87.9 77.6 78.2 67.7 89.3 71.1 80.0 71.2 
Ab 7.4 16.9 35=2 11.3 17.9 9.1 18.7 18.4 26.7 9.3 24.5 17.6 25.8 
Or .0 1.2 3.3 1.7 2.8 2.0 2.3 [9 3.2 1.4 4.4 2.0 2.8 
Sr-plg. . 7  I.i .O 2.1 ~.2 .8 i.i 2 1.9 .0 .0 .4 .2 
Sa-~l o. .0 .2 .0 .0 .0 .2 .3 .4 .5 .0 .0 ,0 ,0 

T a b l e  8 � 9  

P l a g l o e l a s e  s e p a r a t e  

b y  P . ~ . X o E . ( p p m )  

Br. Mo. Cd,  Sn. Sb. 

limit of SrO in plagloclaeee reported by Smlth (197~) and is only sur- 

1~aseed b y  p o l k i l i t i r  S r - B a - f e l d s p a r ,  d e s c r i b e d  by  C u n d a r i  ( 1 9 7 9 ) .  T h e  

p X m g l o � 9  o s  t h e  h y - ~ t i v e  s u i t e  a r e  ~ c h  l e s s  e n r l c h @ d  i n  S r  a n d  

t h ~  t h o s e  oT t h e  m l d e r s a t o r m t e d  m e r l e . .  

Th~ c ~ f s t a l l l s a t i e n  t e m p ~ a t u r e e  o r  t h e  p l a ~ s 1 6 9  w e r e  e e t l m t ~ d  

~ s l n  s t h e  p l a ~ i o � 9  t h e ~ t e r  o f  ~ a t h o ~  { 1 9 7 3 )  a n d  a l t h o u R h  

t h e  l a v a s  d i f f e r  i n  e o m p o ~ i t i o n  f ~ l  ~ o s e  c o n s i d e r e d  b y  N a t h e z ,  

t h e  t e m p e ~ t u r e s  c a l c u l a t e d  ~ o r  t h e  r i m  c o ~ p ~ $ i t l o n s  a r e  r  i n  

t~e smse that a steadily falli~s t~mpemture is obtained. {table 9) 

u s e d  i n  the o a l � 9  The ~ s u t t s  a r e  in c o n t r a s t  t o  t h o s e  f o r  

t h e  V l e o  l a w n s  ( C u n d a ~ i .  1 9 7 5 ) ,  w h e r e  a r i e i n ~  t e m p e ~ t u r e  w a s  r o u n d  

w i t h  i n c r ~ s l n ~  D . I .  

explored by Gupta (1972) r o t  a l i q . i d  e v o : v i n ~  ~y c ~ s t a :  fractlo~tlon. 

Either a reaction relatlo.~,Ip between olivine and =elt Is present (e.~. 

O ' H a r a ,  1 9 6 8 ) ,  o r  a l t o ~ a t i v e l y  t h e  ~ s $ c  l a v e s  h a v e  n o t  e v o l v e d  b y  

c r ~ . s t a l  f r a c t l o n a t l o n .  

T o w a r d s  ~ r e  e v o l v e d  f e l s s 1 6 2  l a v a s  c l l n o p y r o x e n e  ~ d  l e u c i t e  a r e  t h e  

s o l e  ~ d l e ~ o c r y s t  p h a s e ~ .  S u b s e q u e n t l y  t h e y  are j o i n t e d  b y  t h e  f o l t o w i n  z 

~ d i t / o n a l  ~ a s e s :  a )  p l a g i o c l a s e *  m ~ e t i t e ,  ~ e l s e  r d a r k  m i c a ,  b )  

s a n i d i . e  ( o r  h y a l o p h ~ e ) *  �9 h a i i y n e .  In t e r n s  o f  ~ e  f e l s i r  . i n e ~ l s  

o n l y ,  t h i s  i s  s i m i l a r  to what would be expected f o r  a l i q u i d  i n  the  

p h o ~ l l t e  p ~ t a h e d r O ,  o f  Camichael  et  a l .  (197~) s t a r t i n ~  a t  a ~ i n t  

near the ~urface bo~mdnry oF l e u c i t e  ~ d  pla~1oetase. These lavae are 

t h o n ~ h t  t o  b e  r e l a t  ed  by c r y s t a l  f r a c t i o ~ t l o n  a l o n g  a l i n e  o f  a ~ l u t i o n  

~ l o ~ 0 n s  t o  a l i q u i d  i n  t h e  p h o n o l i t e  p e n t ' e d e n  ( C a ~ i c h a e l  etal., 

197h). 
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T ~ b l e  X0. 

N e p h e l s  and  ~ f i y n e  a ~ L y s e ~ .  

rock W~e 
'V~IFiiRITE LE~JCO-L~dCITITE 

s ~ l e  n o .  31362 30633 

s i o z  ~5 .25  3 t . 6 ~  

A I 2 0 3  3~.76  2 6 . 8 h  

F e 2 0 3 t )  .38  . 6 8  

~o .o5 .03 

c=o 1 .o~  s . 0 5  

N ~ o  t 5 . ~ 3  l t . ? 3  

~20 3 . ~ 8  6 . 6 7  

TIO~ ~ 

$9~ +) 13-95 

CI . t 6  

s ~  IOO.~7 99-75 

leee O~Cl .~ 

S t r u c t u r a l  f o ~ l a e  o n  ~ s i s  o f :  

o x y g e n s ;  21 o x y g e n s  i n  A l - S i - f r m e m o r k  

s i  1 . o59  5 . 9 5 8  

AZ -959 5 . 9 5 9  

Fe .OO7 . 0 9 6  

"w  . o o ~  .0OS 

c a  . o z 6  1 . 6 ~ 5  

K .10~ t,602 

s ~ . t 5 3  

c t  .119  

sum 2 . ~ 5 9  2 ~ . 1 0 7  

t )  t o t a l  i r ~ a s  Fe203 ,  +) t a t a r  S a s  s03  

t~e ~o~ it is not expected tn t~e simple oxperi~.ta~ ~yste~ that the 

laves plot in strict accordance with the physical r during their 

crystallization, It is nevertheless seen that eve~ though the mdal 

~enocryst mlneralo~ does ~ot correlate very welX wi~h the experlmentally 

detrained phase boundaries* it is reRaonabte to state that the bRSlC 

V~isi~ian lavR8 cWsfallAzed ~t le~ pressure, Bot~ SU l) a~d M2 seem to 

have c~stalllzed at hi~er pressures. Accordln~ to Tri~itats (t969) 

experim~tal results, the ~ tara ~y have crystallized at 1 atm. Nhether 

this is so or not. the present laves almst certainly dad not crystallize 

at birder pressure th~ S2. 

The  v ~ r A a t i o n  w i t h i n  p y c o z e n e  ~enoc~sts of ~ p t e  l a v e s  i s  g e n e r a l l y  

La rge  compa red  ~ •  t h e  l n ~ e r - l a v ~  v a r i a t i o n ,  ~ e  d i a g r a m  ~ I s o  s t r e s s e s  

that the green cores do no~ form a special chemical ~roup althou~ they 

are ~isAlar to the ~lltes of the ~onolitic rock~ (Table 2). The 

general ~rend of variation ~i~hin single ~henocryste,as melt as between 

l~va-Xypos from leucitites to leucltlte phonolites,parallels the I ine 

F e ) + X t ,  i n  a c c o r d a n c e  wi th  t h e  m J o r  v a r i a t i o n  i n  t h e  CaFeA1 SiO6-com-  

p o n e ~ t  o f  t h e s e  p y r o x e n e s .  

The  a r e a s  c o v e r e d  by t h e  ~ t u r & ~  ~ e n o c ~ s t s  o f  ~ o ~ n ' s  ( 197~)  E U I 3 ,  

l e u c i t i t e ,  c o i n c i d e  w i t h  t h e  V u l s i n i a n  p y r o x ~ e s ,  I n  c l i n o ~ x e n e s  

f o ~  a t  h i g h  d r y  p r e s s u r e ,  Fe  3+ and  T i  d e c r e a s e  and  AI ~ d  Ne i n c r e a s e  

wAth r i s e  o f  p r e s s u r e  ~ o ~ o n *  o p . c i t . ) ,  ~ i s  t r e n d  As i n  c o n t r a s t  t o  

~ h a t  o~ t h e  V u ~ s i n l ~  c l i n ~ p y r o x e n e s .  R e p r e ~ a ~ i v e  c ~ i n o ~ r o x ~ e  ~ a -  

l y s e e  f ~ m  t h e  V 1,  t e u c i t e  t o . r A t e  o f  ~ i f i  ~ d  T f i f i l a  ( 1 9 7 g )  ~ l s o  

f a l l  ~ i t h i n  t h e  r ~ g e  o f  t h ~  V u l s i n l ~  p y ~ x e n e e .  ~n  t h e  o t h e r  h ~  

these experiments (Delft ~d Triglla, 1978 ~d Pelf i, 1978, ~ o w  that, 

a~ t h e  ~ l e  o f  PH 0 i s  i n c r e a s e s  r e l a t i v ~  t o  P t t a t  2 k ~ r  t h e  C@e to  
A l S i O  6 m l e c u l e  b e c o ~ s  s u c c e s s i v e l y  m r s  i ~ o r t a n t .  ~ e  V u l s i n i ~  

p y r o x ~ e s  c ~ $ t a l l i z e d  f r o m  ~ w~de r~Re o f  ~ - t y p e s  and  a d i r e c t  com-  

p ~ r i e e ,  c a ~ t  be  ~ d e  . l C h  t ~ e  e ~ p e r i m e n t . t  d a t a .  S e v o r ~ l  o f  t h e  l . v a s .  

h o w e v e r .  ~ r e  s ~ m ~ l a ~  t o  t h e  ones  used  ~ o r  t h e  e x p e r i . e . t e l  r ~ n s .  ~ e r e -  

f o r e ,  some i ~ l l c a t l o n s  s e ~  ~ustlfl.d. ~ e  l a r g e  ~ a r t a t i o n  I n  , i n g l e  

~ h ~ o e r y s t s  compared  w i t h  ~he i n t e r - l a v a  v a r i a t i o n  p a r a l l e l  t o  t h i s  

t r e n d  s u @ f e s t s  t h a t  t h e  r o t e  o f  m a t e r  o r  fG l ~ s e  s ~ i n f l u e n c e  on  t h e  

~o l~b i l i ~ y  o f  t h ~  C e F * A I S l o 6 ~ l e e ~ t e  ~s  l a rge  compared  ~ i t h  the  

e f f ec t s  o f  ohm ic .1  vmr~ t~o~  t .  ~he lavas .  The d i ~  ~tso oon f t~s  

t ~  �9 t ha t  t he  ~ to t~  ~as les~ t h~  lOkb~r ~n~ poss th l y  less 

t h~  Zkb~r .  

AS 0Xlvine and leuclte c o e x i s t  in the mfic Zavas, leucite ~ elino- 

p y r o x e n e  ~ a l l  t h e  l a v a s ,  ~ d  b e c a u s e  ~ I o @ p i t e  i 9  o n l y  e ~ c c e s s o ~  

o~ t ~ � 9  p h a s e ,  PH~O ~ s t  ~ v ~  b e e n  ]o~ d u r s t  t h e  c r y = t a l l l z a t i o n  o f  

t h e  l ~ v a s  o f  t h e  ~ e r s ~ t u ~  s e r i e s  ( L u t h ,  1967 .  R ~ d o c k  ~ d  H ~ i l t o n ,  

t 9 7 S )  �9 

A l t h o u R i ~  t h e  s a t u r a t e d  t a r e s  a r e  a l l  t ~ � 9  t h e y  differ c o n s i d e r a b l y  

c o n t ~ t  o f  m f i c  m ~ e r a l s .  I t  I s  ~ t  ~ 8 s l b l e  h o w ~ e r ,  t o  c o n c i s e  

~ e ~ e r  ~ ~ v ~  ~ f n c t i o ~ t l o n ,  b~ause t h e y  g e n e r a l l y  h a v e  t h e  

s ~  p h ~ e r y ~ t  ~ s ~ m ~ t a s e .  

E ~ i d ~ � 9  os l o w - p r e s s u r e  e r y e t ~ l l i z a t i o n *  

~ e  ~ e l a t i o D  o f  t h e  ~ e r s a t g r a t e d  l a s t  t o  t h . . y s t m  d i - l c - f o  ~ h i c h  

was  ~ v e s t i ~ t e d  a t  I e t a  by  G~p ta  ( t 9 7 2 )  w e l t  be  d i s c u s ~  f i r s t .  ~ e ~ -  

s e n  ( 1 9 7 7 )  a r e  n e d  t h a t  f o r  ~ Y  l ~ r  t h e  s Y s t ~  d i - l c  vms ~g t e ~ s ~  

a s  r e p r * s ~ t m t l v o  s o  t h e  m y s t ~  h y - ~ i ~ t - ~ m / ~  i s  f o r  b a s s e t s *  T h e  n o ~  

a t ~ v e  c 0 ~ s i t l ~ n s  o f  t h e  m o t  ~ s s  ~ l ~ i ~  l e ~ s  a r e  ~ t  f a r  f ~ m  t h e  

m d ~ l  c o ~ s i t i e ~ ,  i f  e n l y  t h e  m ~ e r a X s  d ~ o t s i d e ,  l e u r  ~ o ~ l v l n e  a r e  

o o n S l d e f ~ .  Fo r  e ~ l e  t h e  t o ~ r i t i c  l e u c i t i t e ,  ~ I ,  h a s  n o ~ t l v e  

d i 6 1 1 o ) l o l  7 ( r o p r o s e n t t ~ q g  60 ~ o f  t h e  n o r a )  and  m d a l  ( w t o  ~ ) :  d i o p s A d e 5 9  

l e u o i t e ~  o l i v i n e  5 ( r e p r e s ~ t / ~ R  85 ~ 1  ~ o~  t h e  r o d e ) *  T h e  s y s t ~  

d i - l c - f o  i s  t h e r e f o r e  c o n s i d m r ~ d  m ~ o d  a p p r o x i m t i o n  t o  t h e s e  le~s. 

%- 
F i g u r e  ~ .  

Th e  s y s t e m  d i - X c - s  u i t h  t h e  c o t e c t i e ~  a nd  V i o ~ i n ~  p o i n t  

a t  I a i m  t ~  G u p t a  ( 1 9 7 2 ) .  t h e  e u t e c t s  o~ t h e  J o i n  d i - l c  a t  l a t m  

( B O W ~  and  S c h a i r e r .  1929 )  a n d  t h o s e  at ~ and 12 k b a r e  f ~ m  ~ l f t  e t  x l .  

( t 9 7 8 ) .  The  ~ o s i t s  o f  E~ 13 a n d  g2 t a k ~  fr~ Thompson  (197T)  a r e  

t o ~ e r  u l t h  t h e  ~ s l t l o n s  o f  r ~ r o s e n t a ~ L w e  V u l s l n s  m f s  ~ k ~ s .  

2~e s y m b o l s  d e s i g n a t e  t h e  p ~ b a b X e  l ~ q u l d n s  p h a s e s :  C i r c l e s  - d i o ~ s i d e .  

s q ~ r e  - f o r s t e r * t e  p i e s  d i e p s i d e ,  f ~ I I e d  c i r c l e s  - d l o ~ s l d e  p I ~ s  I e u e X t e .  

a n d  t r l a ~ g l o  d l e p s i d e ,  f o r s t e r l t e  p l u s  l e u e l t e .  

S ~ e r ~ s ~  on  t h e  e ~ e r ~ e n t a l  r e s u l t s  i n  f i  R ,  3 e r e  t h e  c o ~ s t t l o ~ a  

o f  some V u l s t n A ~  l a ~ s  ~ d  t h e  c o m p o s i t i o n s  o f  t h e  X e u c i t i t e s ,  EU13 ~nd  

g 2 .  t a k ~  f r o m  ~ e m p s o n  ( 1 9 7 7 ) ) .  I n  s p i t e  of t h e  good  f i t  o f  t h e  r o d e  ~ d  

c~. ~ ~ - ~ i  

M o l e c u l a r  Fe 3. . (Na+K) versus A I - m T i  i n  t h e  e l i ~ p y ~ x e n e s  o f  t h e  l e u e l t e -  

b e a m i n  s s u i t e  ( r e p r e s ~ t A n g  C a - f e r r i o T s c h e r m a k ' s  m l e o u l e  c o r r e c t e d  f o r  

~ m i t e  v e r s u s  C a . T s e h e r m a k ' s  ~ I o c u l e  c o r r e c t e d  f o r  C m T ~ I 2 0 6 ) .  

K ~  m l e m o p ~ b e  ~ l y s e s  o r  ~ e n o c ~ s t s :  @ c o r e s .  0 ~ l  ms ,  @ ~ e e n  c o r e s .  

Th~ s t i p p l e d  t / n o  i n d i c a t e s  t h e  a r ~  c o v e r e d  b y  110 p h e ~ e r y s t  ~ l y s e s  

(Ho lm,  [ 9 7 8 ) ,  w h l c  h a l s o  ~ c l ~ e  t h e  a n a l y s e s  o f  ~ o ~ a o a  ( 1 9 7 7 ) .  B o l d  

l i n e s  i n d i c a t e  d r y  h i g h  p r e s s e r s  e x p e r i m e n t s  by  T h o ~ s o n  (197~)  o n  e l i n o -  

p y ~ x e n e  f ~ m  a R o ~  l e u c t t l t e .  ~ d  t h e  e x p e r i ~ n t s  os  ~ I s  a n d  T r i g i l a  

(197S~ a t  P e s t  = 2 k ~ r  and  w~.~ w a t e r  c o n t ~ t  a~ I n d i c a t ~ .  

~ 0  s r . e n  ~o red  p y ~ x ~ e .  

~ e  o e c u r r ~ c e  o f  t w o - r e . a n e n t  ~ r o x g n e  ~ e n o c ~ s % ~  ~ many o f  t h e  

V u l s i n i ~  u n d e r s a t u r a t e d  l a m a s  i s  b e l i e v e ~  t o  be  ~ A ~ r t ~ t  f e a t u r e .  

A l t h O U ~  s o r e  o f  t h e  l a v e s  m y  be  i n c o ~ t e d  x ~ c ~ . t s  o f  s a l i t e  f r o m  

w a l t - ~ c k ,  t h e i r  f r e q u ~ t  o c c u r r e n c e  ( i n  ~ o f  ~ l e u c i t i t e 8  ~ d  l e u c i t e  

t e ~ r i t e s )  ~ l a r g e  r e l a t i v e  n ~ b e r  c o - - r e d  t o  t h e  t o t a l  n ~ b e r  o f  

~ e n o c ~ s t s  ( t h e y  o f t ~  ~ e  up h a l f  t h e  a m ~ t  o f  ~ c ~ 9 t s  i ~  

t h e  l a v e s )  i n d i c a t e  t h m t  t h e y  a r e  r e l i c t s .  T h e  ~ e ~  c o r e s  m y  e i t h e r  

b o a  ~ q a s e  o n c e  c r y s t a l l i z i n g  f r o m  t h e  l a v a  i n  a d i f f e r e n t  e ~ v t ~ e n t .  

o r  be  ~ e n o c ~ s t s  i n  m p h o n o l ~ t i c  ~ b a t c h  w h i c h  w e r e  m i x e d  W i t h  a 

~ r e  b a s i c  o n e .  The  o n l y  * t h * r  ~ h e n e c r y s t  p h a s e  u b i q n i t B u s  i n  t h e  b a s i c  

l s v a s  i s  t e u c l t e  v h l e h  u n f o r ~ * e l y  doe8  n a g  e ~ I b l t  ~ y  e y s t e m t l c  

~ r l a t l o n  ~n i t s  c h e m i s t ~ ,  ~ l e h  m l ~ t  o t h e ~ i s e  be  u ~  t o  s o l v e  t h e  

p ~ b l ~  o f  t h e  o r i g i n  o f  t h e  p h e n o c ~ s t s  o f  t h e  ~ s i r  ~ a v a s .  



386 P . M .  H O L M  

s ~ r ~  

The ~ d e r ~ t u ~ t a d  ~ � 9  s e r i e s  o~ the  V u l s l n t ~  D i s t r l � 9  l ~ l u d ~ s  ~ e k -  

t y p e s  ~ g s  f~m mas l e u e i t i ~ s  t e  X@ueite i ~ o n o l X t * . .  Z~ th*  m e t  

b . s * r  ~ e r .  ~ i~ps~se  *- l ~ e S ~ * -  o l i v i a .  ~e* on t h e  l i q . s d n e .  ~ t s  s t - r  

does  n o t  r  t h a t  t h e s e  ~ e k e  mr* r t l a t e ~  by e r y s t a l  f ~ c t i t ~ t l ~ .  

S a l t t t r  E r ~  c e r e s  o f  p h e ~ e r y s t  p ~ e s  m~nt led by d i o p s i d e  l a  . c k s  

v h l c h  a l s o  ear~'~ ~ m l  gonad d lops~dee  a r e  r a l l c t s  which  w i t n e s s  e l t ~ e r  

a r e l a t i v e l y  h i g h  PH o P r i e r  t o  t h e  e r y s t a l l l l a t i ~  o f  d i o p s i d e  o r  m ~  

m i x l n R  ~n t h e  ear l teRr  l i f e  of  t h e s e  l aves*  ~ e  e h m t s t r y  o f  t h e  p y ~ x m e s  

o f  t h e  who le  s u i t e  r ~ e a l  e r y s t a l i , t i o n  t ~ @ r  1 ~  p r e s s e r s ,  p o s s i b l y  

l e s s  t h ~  P t o t a 2 k b a r  i n  a r e l a t i v e l y  d r y  ~ i ~ t o  ~ e  t a t t e r  i s  c ~ *  

f i r e d  by th~ r a r i t y  o f  pb lo~opL t@.  The  m r s  r e | s i c  l a v e s  c a r r y  ~ m r y s t /  

o f  r  ( s & l ~ t e - f e r ~ o a ] l t t ) . a , d  l t u ~ i t e  ~ o ~  o . b s ~ t ~ l y  by l  

p l a s i o e l a ~ s ,  m ~ o t i t e  *- d a r k  mioa ,  ~ h - r i e ~  a l k a l i  f e l d s p a r  -* tm~/ne . 

~ e  f e l s i e  ~ o k s  a r e  ~ o u ~ t  to  be r ~ l a t e d  by  r  f & a r  

The t r a ~ y t t r  s u i t e  o f  ~ - ~ m t l . e  1 a n 8  I t  ~ h  l e e 8  ~ l s ~ o q 8  
t h e y  a l l  c a r r y  p h ~ e r y s t e  o f  s ~ I d ~ n e ,  p lm~lUc la se ,  at*Rite* o l i v i n e .  

b i o t i t e  ~ d  ~ @ t i t @  ~ ~ r / a b l e  ~ t e .  The ~ z ~ e s  o f  t h e s ~  ~ c k s  
~ o w  e q , i v a l ~ t  s i p s  o f  t w - p r t s l u r e  r  

y a l u a b l t  ~ i d ~ e e .  I n s p l n t i o n  ~ d  e r t t i c * s m  d u ~ in g  tb~  prewar*aler t  of  t h i s  

p a p e r  h a s  bee~ ~ I v e n  by Dr.  C.K. Brboks ,  The w r i t e r  i s  a l s o  i n d e b t e d  to 
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a t  0 ~ o ~ .  The R e n t o k i l  F ~ d a t i o ,  rode  t h e  ~ t ~  ~ O ~ o N  ~ o l i b l e .  

The ~ t ~  N a t u r a l  S e * ~ e  Research  C o ~ l X  p ~ v ~ d ~  the  m ~ e ~ p . ~  

f a c i l i t i e s  i .  C o p e n h ~ n .  

B ~ l l t n ~ b e r ~  ( H . J . )  and Br)4mi (]~). 1972.  C o n t r i b . m i n e r a l . p e t r o l . 3 6 . t l i - I Z ~  

Bowen ( N . L . )  ~n~ S c h a i r e r  ( J . F . )  1929.  Am*J .Se i .  218.  ~ 1 - ) 1 ~  

Brooke (C .K. )  ~ d  P r i n t s l q ,  ( Z ~  315-331. 
B u d d i n f t o n  ( A ~  sad  L ~ e l e y  ( D . H . ) . .  196~.  J ~  310-~57  
C a m i o h a e l  ( I . S . E . ) . 1 9 6 7  ~. C @ n t r i b ~  1 3 - ~ o  

C a m t � 9  ( 1 . S . E . ) , 1 9 6 7  b .  C ~ t r t b , ~ e n l . P t t r o l * l i ,  2~-66  

C a m t � 9  ( l . S . E . ) . T u m e r  ( F . J ~  ~ d  Verhoo~ma ( J* ) ,197~ .  I ~ u e  

P e t ~ l o U ,  Ne .  york  ( S e G ~ - H I l l ) ,  

c~der~ ( A . ) .  1975. C o n t r ~ b . N ~ n e ~ @ l , P e t r o X .  ~3.  129-1~b .  
Cu~arl ~ A . ) ,  1979. C o n t r t b . W k n e r a l . ~ t r o l ,  70, 9 -21 .  

Cu~dar i  ( A . ) .  a~d m a r t i a n  ( p . p . ) .  1 9 ~ .  B o l l . V o l e ~ l o  18.  98 -11~ .  
Deer (M.A. ) ,  Howie ( R . A . )  and Zuss~ ( J o ) .  1963. Ro�9 N ~ e r s l s ,  

v e x ,  ~.  ~o~aon ( L o n g m n ) .  

D o l f i  { D . ) .  H ~ i l t e n  ( D . L . )  amd T r i ~ i l a  ( R . ) .  1978.  P ~ o g . g x p e r . P e t r o l .  

BOlf i  (D,)  and ~ r i g i l a  ( R . ) ,  1978. E o n t r ~ b . N ~ l e ~ l , P e t ~ l . 6 ? ,  297-~O~, 

~Ifl ( D . ) .  1978. P ~ g .  Ezpe r .  p e t r e l .  ~,  18-22 .  

r o ~ s . r s  ( N . ) . 1 9 7 2 .  ~ e c ~ t  c o n t r i b . t i o n s  o f  G ~ e h e = l s t , ' x  ~ * ~ , . l y t l � 9  

Fud~ll ( N , F , ) , ) 9 6 3 .  ~ll.Geet*S~c.As.~r. 7~* llOt-ll~6. 

H ~ i l t o n  ( D . L . ) .  1961. J.6~l. 69 ,  ~21-929. 

H ~ d e r s o n  ( C . N . B . ) ,  1965. N ~ n e r a l . g a f ,  35,  596-609. 

Holm (P*N. ) ,  1978. ~ h l l ~ e d  t h e s i s ,  

I ~ n e  ( T , N . ) ,  1965. C ~ o J * ~ r t h  S�9 2,  ~ 8 - 6 7 2 o  

K u ~ i ~  ( X ) .  1 9 ~ .  J a ~  J . G ~ I G ~ . ~ s .  33 .  213 -~20 .  
X u t o l l ,  (V~ and F r a l e ,  { u  1970. C ~ t r i b . M ~ e r a l * P e t r o l .  29.  

t63-179.  

~ r s ~  ( L . H . ) .  1976. J . e e t ~ t .  17. Z~B-290. 

Leaks ( B . I , ) ,  1 9 7 8 .  N t a e r a l . g a g .  326, 539-~65. 

LeBeN ( W . J . ) .  1962.  A m . J . S c i .  260 .  267 -288 .  

LuSh (u 1967. Jo P e t r o l .  8 ,  372-~16. 

~ r  ( M . S . ) .  RichArdson (}4.) and Mood ( B . J . ) e  197~. B u l X , ~ e . f r .  

N l n e ~ t . C r t e t a l l o f r .  97,  257-260, 

H a , h a l  (E .A*) .  1973. C o n t r i b . M i n ~ r a t . P e t ~ t .  ~1.  61-72. 

~ t t i a s  ( P . P . ) .  1965, Pe r i ed .  H ~ n . ~ ,  137-199. 

~ s l l  [ J . A . ) *  19~8. f rock  ~ d  ~ n e r a l  ~ | y 3 5 e . N e w  ~ork ( ] n t e r s e ~ c o ) ,  

O ' H a ~  (M~  1968. E a r t h  S r  ~ ,  69-133. 

P t c h l e r  ([~). 1970.  J t a l t t n i s e h e  V u l k ~  G o b l e t s  1 .  S a m - V e s t .  L a t i n .  

T o s � 9  B e r l t n - S t u t t ~ r t  (Gebr .  B o ~ t r a * R e r ) .  

s c h n e i d e r  ( H . ) .  1 9 ~ .  Sehwel=.Nineral.Petrol.Mitt. ~ ,  ~31~ .  
S i & ~  ( T . )  ~ ~ t ~  ( J . Y . ) .  1970.  J . G e o l *  78. 30~-325.  

Smith ( J . V . ) ,  197~* F e l d s p a r  mkn~rale-  B e r l i n  ( S p r k n ~ e r ) ,  

fip~rSs [ R . S . J . ) .  1975~ G s e l . R u ~ e e b a a  6~ .  ~97-~1~.  

T a y l o r  ( N . P . )  end T u r *  { B . ) .  1976.  C o n t r i b . N ~ n e r a l . P e t r o l .  55 .  33 -5~ .  

T ~ n  (R.N*) .  1977.  C o n t r t b . M t n e r ~ l . P e t r o l .  60 .  9 0 - 1 0 8 .  

l ~ o ~ t ~  ( c . ~ . )  ~ d  ~a t tXe  ( 0 . r . ) .  1960 .Am.J ,Se i .  258, 6 ~ - 6 ~ .  

T r t f i l a  ( S . C . ) .  1969.  P e r i o d . M i n e r a l .  38 .  625 -660 .  

~ r i  (B* )  ~ d  Tmyler  ( H . P . ) .  1976.  C o n t r i b . H l n e r a l .  P e t r e l . 5 5 .  1 -51 .  

u  ( R , ) ,  1975. Na tu r e  Phys*s�9 257.  116-127. 

u  ( R . ) .  1976. G e o o h i ~ . C o e ~ r  ~0 ,  285-~95  

V o l l m r  ( N . ) .  1977, C o a t r i b . M t n e r a l . p e t r ~ l *  60 .  IO9 -118  

g t ~ l n ~ t o n  ( ~ . S * ) *  I ~ .  C a m e ~ i ~  ] n a t * ~ a e h i n ~ o a * ~ b l .  ~7.  
Watson ( E . B . ) .  19W. A ~ . ~ i n e r a l .  6~,  82~-a29 

Mer~landt  ( a , F . ) ,  1978. C a ~ e g i e  I n e t . y . B .  1977 (Geophys.  L a b . ) , 5 ~ - - 5 3 9 .  


