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ANSTRACT

The complex  i s  composed o f  a l i ^ a l i n e  p l u t o n i c  r o c k s ,  

p y r o c l a s t i c s  and  c a r b o n a t i t e s , whose o u t c r o p  p a t t e r n  i s  c o n c e n t r i c .

The a l k a l i n e  p l u t o n i c s  c o n s i s t  o f  a  c e n t r a l  body o f  b i o t i t e  

u n c o m p a h g r i t e ,  t u r j a i t e  and i j o l i t e ,  o n ly  p a r t  o f  which s u r v i v e s ,  and 

s m a l l  o u t l y i n g  i n t r u s i o n s  o f  c a r b o n a t i t e  and n e p h e l i n e  s y e n i t e  and 

a r e a s  o f  b r e c c i a t i o n ,  f e n i t i s a t i o n  and f e l s p a t h i s a t i o n  o f  th e  

b a s e m e n t .  The b i o t i t e  u n c o m p a h g r i t e  i s  formed by t h e  m etasom at ism  o f  

t h e  i n n e r  p a r t  o f  a  mass o f  p y r o x e n i t e  and m e l t e i g i t e ,  t h e  o u t e r  

p a r t  o f  w h ich  i s  i n t r u d e d  by i j o l i t i c  c o n e s h e e t s  and d y k es .

The p y r o c l a s t i c s , which  were  emplaced  l a t e r  t h a n  t h e  c e n t r a l  

a l k a l i n e  p l u t o n i c s ,  c o n s i s t  o f  ban ded  a g g lo m e r a t e ,  which v/as formed 

by  f l u i d i s a t i o n ,  and t u f f s ,  which  were d e p o s i t e d  sub a e r i a l l y  and 

u n d e r  w a t e r .  Most o f  t h e  p y r o c l a s t i c s  d ip  i n w a r d s ,  and t h e y  have 

b e e n  d o w n f a u l t e d  a lo n g  t h e i r  o u t e r  b o u n d a ry .

The main  c a r b o n a t i t e s  have  been  emplaced  i n  s e v e r a l  p h a s e s ,  

a l l  o f  w h ich  a r e  r e l a t e d  to  c e n t r a l  f o c i .  They c o n s i s t  o f  s m a l l  

c o n e s h e e t s  and  d y k e s ,  a  p a r t i a l  r i n g  o f  c o a r s e  m icaceous  c a r b o n a t i t e ,  

and a  p l u g  o f  b a n d e d ,  m a g n e t i t e - r i c h  c a r b o n a t i t e .  They a re  

a s s o c i a t e d  w i t h  b r e c c i a t i o n  and f e l s p a t h i s a t i o n .

The complex  i s  i n t r u d e d  by l a t e  a l l c a l in e  s i l i c a t e  dykes .

Rangwa i s  a t  t h e  c e n t r e  o f  a  l a r g e  d i s s e c t e d  n e p h e l i n i t e  

v o l c a n o ,  b e n e a t h  which  t h e  basem ent  h as  been  domed. The c e n t r a l  

p l u t o n i c  com plex  was emplaced  b e f o r e  most  o f  th e  n e p h e l i n i t e  e r u p t i o n s .



The p y r o c l a s t i c s  on Rangwa a r e  t e n t a t i v e l y  c o r r e l a t e d  w i th  

c o n g l o m e r a t e s  and  t u f f s ,  which  o c c u r  b e n e a t h  t h e  main n e p h e l i n i t e s  to  

t h e  n o r t h  and n o r t h w e s t  o f  t h e  v o l c a n o ,  and many o f  t h e  n e p h e l i n i t e  

l a v a s  and  a g g l o m e r a t e s  o f  t h e  v o l c a n o  a r e  th o u g h t  to  have been  

e r u p t e d  from a  c e n t r a l l y - p l a c e d  v e n t  on Rangwa.
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THE SCOPE OF THE PRESENT STUDY

The aims o f  t h e  t h e s i s  a r e  t o  d e s c r i b e  th e  g eo logy  o f  th e  

Rangwa a l k a l i n e  complex,  to  p i e c e  t o g e t h e r  th e  h i s t o r y  o f  the  

K i s i n g i r i  Volcano o f  which Rangwa i s  t h e  c e n t r e ,  and f i n a l l y  to  

examine t h e  s i g n i f i c a n c e  o f  t h e  v o lcano  i n  a  b r o a d e r  s e t t i n g  and 

d i s c u s s  i t s  p e t r o g e n e s i s .

P a r t  I  o f  th e  t h e s i s  i s  a  g e n e r a l  i n t r o d u c t i o n .  I t  

i n c l u d e s  a d e s c r i p t i o n  o f  th e  g e o g r a p h i c a l  background ,  a  rev ie w  

o f  p r e v i o u s  work i n  th e  a r e a ,  and an a cc o u n t  o f  my own methods 

o f  work.

P a r t  I I  i s  co n ce rn ed  w i th  th e  geo lo gy  o f  Rangwa and th e  

s u r r o u n d i n g  b a sem e n t .  On Rangwa, most o f  th e  s t a g e s  i n  t h e  growth 

o f  t h e  v o lc a n o  can be s e e n ;  t h e r e f o r e  a f u l l  d e s c r i p t i o n  o f  the  

r o c k  t y p e s  w i t h  t h e i r  f i e l d  r e l a t i o n s ,  p e t r o g r a p h y  and s t r u c t u r e  

i s  g i v e n .  From i t  t h e  o r d e r  and modes o f  emplacement o f  th e  ro ck s  

and t h e  s t r u c t u r a l  e v e n t s  a t  t h e  c e n t r e  can be deduced.  Some 

g ro u p s  o f  r o c k s  a r e  c l o s e l y  a s s o c i a t e d  w i th  s t a g e s  i n  the  s t r u c t u r a l  

d ev e lo p m e n t ,  so s t r u c t u r a l  s e c t i o n s  a r e  i n t e g r a t e d  w i th  th e  

c h a p t e r s  on t h e  r e l e v a n t  r o c k s .  There i s  a  wide v a r i e t y  o f  b o th  

r o c k  t y p e s  and s t r u c t u r e s ,  some o f  which a r e  most u n u s u a l .  The 

p l u t o n i c  p a r t  o f  Rangwa i n c l u d e s  an o c c u r r e n c e  o f  b i o t i t e  

u n c o m p a h g r i t e ,  which i s  th o u g h t  to  be a un ique  r o c k .  Also o f
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s p e c i a l  i n t e r e s t  a r e  t h e  h ig h  l e v e l  emplacement o f  c a r b o n a t i t e ,  

and t h e  c o n s i d e r a b l e  s u b s id e n c e  o f  th e  v o l c a n i c  c e n t r e .

P a r t  I I I  c o n t a i n s  a summary o f  th e  geo logy  o f  th e  p e r i p h e r y  

o f  t h e  v o l c a n o ,  a com par ison  between some o f  t h e  s t r a t a  t h e r e  

and t h e i r  i n f e r r e d  c o u n t e r p a r t s  on Rangwa and a h i s t o r y  o f  the  

whole  v o l c a n o .  My own work su p p le m e n ts  what had been  done 

p r e v i o u s l y  on t h e  o u t l y i n g  v o l c a n i c s  and s e d im e n ts  (Kent 1944, 

McCall  1 9 3 8 , S h a c k le to n  1931 and W hitworth  1933 and 1 938) ,  and 

t h e  p u r p o s e  was to  f i n d  h o r i z o n s  t h a t  co u ld  be c o r r e l a t e d  w i th  

some o f  t h e  v e n t  r o c k s  on Rangwa.

In  P a r t  IV t h e  c o n c l u s i o n s  o f  t h e  p r e c e d i n g  c h a p t e r s  a re  

sum m arised ,  and some a s p e c t s  o f  th e  r o c k s  a t  Rangwa and th e  

K i s i n g i r i  Volcano a r e  compared w i th  t h o s e  a t  o t h e r  p l u t o n i c  and 

v o l c a n i c  a l k a l i n e  c e n t r e s ,  a s  w e l l  as  a t  some n o n a l k a l i n e  c e n t r e s .  

T h is  i s  v a l u a b l e ,  b e c a u se  e r o s i o n  a t  K i s i n g i r i  has  r e a c h e d  a 

c r i t i c a l  l e v e l  and b o th  p l u t o n i c  and v o l c a n i c  ro c k s  a r e  exposed .  

Comparison can  t h e r e f o r e  be made w i th  o t h e r  c e n t r e s  ove r  a wide 

t im e  r a n g e ;  m oreover  many o f  th e  phenomena found a t  K i s i n g i r i  

a r e  n o t  c o n f i n e d  to  a l l c a l i n e  complexes ,  b u t  a r e  f e a t u r e s  a s s o c i a t e d  

w i th  i n t r u s i v e  complexes and v o lc a n o e s  o f  a g r e a t  v a r i e t y  o f  t y p e s .
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I I

GEOGRAPHICAL DESCRIPTION OF RANGWA AND 
THE KISINGIRI VOLCAl^O

1.  PHYSICAL GEOGRAPHY.

At t h e  n o r t h  e a s t  o f  Lake V i c t o r i a ,  n e a r  th e  mouth o f  th e  

K av i rondo  G u l f  ( F i g u r e s  1 and 2 ) ,  t h e r e  i s  a  g roup o f  mounta ins  

and i s l a n d s  which  form th e  r em a in s  o f  a  d i s s e c t e d  T e r t i a r y

v o l c a n o .  F o l lo w in g  e a r l i e r  u s a g e ,  t h i s  w i l l  be c a l l e d  th e

K i s i n g i r i  V o lcano .*

Most o f  i t  i s  i n  t h e  d i s t r i c t  o f  Sou th  Nyanza, s o u t h  o f  

t h e  K av i rondo  G u l f .  Some o f  t h e  o u t l y i n g  v o l c a n i c s  o ccu r  n o r t h  

o f  t h e  G u l f  to o  on t h e  Uyoma p e n i n s u l a  i n  C e n t r a l  Nyanza. The 

r o c k s  e x te n d  from l a t i t u d e  S. 2 0 '  t o  S.  4 0 ' , and from l o n g i t u d e

E. 34°  t o  E. 3 4 ° .  20*.

*The e a r l i e s t  r e f e r e n c e  t o  t h e  name I  can f i n d  i s  i n  Winston 

C h u r c h i l l ’ s "My A f r i c a n  J o u rn e y "  ( I 9 0 8 ) ,  i n  which K i s i n g i r i  i s  

t h e  name o f  one o f  t h e  b o a t s  i n  t h e  f l o t i l l a  which to o k  him down 

t h e  N i l e  from Lake A l b e r t .  I t  i s  u n c e r t a i n  whe ther  t h e  d e r i v a t i o n  

o f  t h i s  name i s  c o n n e c te d .  Oswald ( I 9 l 4 )  r e f e r s  to  th e  mounta ins 

t h a t  compose th e  v o lc a n o  a s  t h e  K i s i n g e r e  P l a t e a u ,  and a l l  

g e o l o g i s t s  s i n c e  have c a l l e d  t h e  whole vo lcano  th e  K i s i n g i r i  

V olcano .  The c h a n n e l  be tw een  R us inga  and Mfwangano i s  c a l l e d  the  

K i s i n g e r e  Channel  on t h e  1 : 5 0 ,0 0 0  o rdnance  su rv e y  map (1962) .
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FIGURE 2 . T O P O G R A P H IC A L  MAP OF THE MOUTH 

O F  THE K A V IR O N D O  GULF.
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FIGURE 3 .  T O PO G R A PH IC A L M A P  OF RANGWA 
a n d  ITS SURRO UNDINGS.
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NIYAKIYA.

SINDO.

,o>-

CWASSI. USENGERE.

KUMUTHUA. 
MUITHERERE.

OMWOYO. MWISOMA. NYAKIRANGACHA ERIAURUMA, 
IKIWATHI. KISOI. MBUWI.

The central, arena of hyakiran^acha, noot of v.'krcc : a rnonght ..o 
be floored, by the Einyauunsu Carbonatite can be seen.  ̂ It ao 
partly ringed, by a ridge consisting of Skrojango dreccia; .sor 
is part of this ridge. .  ̂ ,

The outflow of Nyakirangacha is to the norrh wesu, and thick 
all'avium extends right into the valley.

Gmwoyo is a long, curved valley.



CW AS SI  HILLS.
(CiNYATHENCO.

h a n o a n c a .

.ç,\V40O-

P l a t s  2 .  ?a iL o ra% lc  v ie v Rangv;a froz  the north.

The ..1  nortm,- g^t'h va lley  iRarks a l'aült Élans v.-ith •.SÏ-^’OV Lfe' 
sever*! hundKed/ifeet to  the vres’t .  A-To the,;east of i t  tj^'ÿonr.d.ary 

- between the Lower Agglomerate 'and the BedSed iTnff ooou'SiÜKar the 
/ÿoy'Df the large c l i f f  on. Maaganfre. To the west of xt:1 

■ üèasfox therüo,éçi^53.r c l i f f  i s  cqgaoosed of, Badded Tuff, .awe
■■western t e .r# 'ÿf"baner Aggloaierath-v’ ■ ' . ,Benea'trfr'-the üppaÆ'ÂgglonijBfàt'é''c l if f  s ,  ■■oxn^srea of alkalir  
Platonics occur amon!ç,%the-iÏ̂ H-bs. ■ ■'■



G W A S S I  H I L L S .

EN D OV ER EN IA .

EKIAGARIA .
K U N T H E W E .  K l N Y A T H E N G O . ^ ^ ^ ^ ^ ^

The bh ss ' M ne-^frba which, much o f th e  m.ap of Rangwa was c o n s tru cu e a  
.. ru n s  _ or two m ile s  n o r th - s o u th  a c ro s s  th e  a llu v iu m -co v e red  

y-h to  th e  e s s t  o f Rangwa..
 1  - -    ___ 3*- •fc'he

l^ S S P s



U S E N G E R E .
E R I K E N D E .

K U M U G I N A .

V I A C H U C H U .

K I N Y A T H E N G O .  
K I T H A M W E N I .  KURUG ITHO.  K U N T H E W E .  ^

E N D O V E R E N I A .  ' ' M A N G A N G A .
N Y A N D I G I D A  ,

" - 'r dv
The c o n tin u o u s  na tu re  o f th e  o u te r  l i r a i t  .of th e  p y ro c la .s t ic s  can 
he jââS&t hqundary r i s e s  from  4-000 f e e t  .above sea  l e v e l  n e a r  th e
la k e  to  ove r .$OC^-:feet in  th e  so u th . I-Iyàndigida i s  one o f th e  long?-’;
cu rved  v a l l e y s  which, d i s s e c t  Rangv/a. S m a ll . d e p p s its .  o f r e c e n t
.alluvium  o c cu r below ï t .

r l a t e  4-. Panoram ic view  o f Rangwa from  th e  e a s t .



^̂ N̂GERe

É R 1 K E N D  E

KUMUGIN A
N Y A V I  R O N G  O .

•I'M-, o u t e r  l i c i t  o f  t h e  p y r o c l a s t i c s  i s  m ark ed  b y  a  t h i c k e n i n g  o f  
o,ffiffche. .v e g e t a t i m ,  an d  r i s e s  s e v e r a l  h u n d re d  f e g t .  fro m  n o r t h  t o  
s f a th , ." ' I n  t h e 'V a l le g  o f  % r a v iro n g o , B anded --S h ifflan d  b i o t i t e  
u n o o m p a h g r ite  -M it^ ip .^ te h  y a r d s  o f  e a c h  o t h e r . ,

l a n o r a r h o  v iew
e ls e w h e re , round  Hangwa, 

aon:TWa f ro m  th e  S o u th  e a s t .



G EM BE.
KUNTHEWE.

E N D O V E R E N I A .
' E K I A G A R I A .

North of E k ia g a r ia , q r ly  sporadic exposures o± a^Lkalrne plUvOp.^ ,̂.
A  protrude through, talusysiiopes.



U k £  V i c t o r i a
ost

K U M U T H U A .

m w i s a s u

e r i k e n d e .

if :.



N
R U S  1 ’ N 

GU MB A.

A .
U Y O  M A . 

L U G O N G O . m WEGl.

KIAHERA. SIENGA. M B IT A .

s  s o c c e s i i o n  o ;' o o r -g lo n o i-a ts a  and  t u f f s ,  

o f  t h e  s u c c e s s io n  on  rCia'ne'ra L i ----

. i t  S ie n g a  r o l a t ,  t h e  m e la n i te  n e p h e l i n i t e  i s  ex --o sed  a t  la k e  l e v e l ,  
and  th e  c o n g lo m é râ te s  an d  t u f f s  o f  t h e  K ia h e ra  s e r i e s  a r e  n i s s i n g .
Che t h i h l n e s s  o f  t h e  n e l a a i t e  n e p h e l i n i t e  i s  f a r  g r e a t e r  t i t a n  on 
K ia h e ra  H i l l ,  an d  i t  i s  g y e r l s i n ’ b y  n e p h e l i n i t e  a g g lo m e ra te  
(S h a c k le  ,01 ‘ s  K ia n g a ta  A jg lo n s r a t e )  an d  n e p h e l i n i t e  l a v a  ( 3 h ,a c k le to n 's  
L im ene l a v a )  on lu g o n g o . '

Ühe s u c c e s s io n  on K ia h e ra  K i l l  c o n s i s t s  o f  c o n g lo m e ra te  and tuf.fr,
' ( S h a c k le to n 's  K ia h e ra  S e r i e s  1 9 t l )  , o v e r l a i n  b y  m e la n i te  n .c n h e l l r i t e  

( t h e  E u sin g a  A g g lc s ie ra te  o f  S h a c k le to n )  . .-■ P a r t  o f  S h a c k le to n ' c 
H iw eg i S e r i e s ,  m o s t ly  t u f f s ,  some c o n ta in in g  a o c r e t i o n s r y  l a n i l ]  , 
i s  exposed  a t  t h e   'to p  o f  K ia h e ra  H i l l .

I h e  K fw angano f a u l t  r u n s  th r o u g h  th e  f i l l  t a  C h a n n e l , ■.■.'here i t s  
th ro w  i s  a t  l e a s t  500 f e e t .  So th e  n o r t h  .o f i t , '  n e n h e l i n i t e  l a v a  
r e s t s  on t u f f  a t  t h e  to p  o f  H iw eg i H i l l ;  t o  t h e  s o u th ,  n e n h e lS a l t e  
a g g lo m e ra te  i s  e x p o se d  a t  la ic s  l e v e l .  '  '

Che c o n t i n u a t i o n  o f  the  
Uyoma.

s o u th ,  n e p h e l ^ - t e  

th e  f a - u l t  c a n  be se.en a s  a  s m a ll  s c a r p  b n

K l a i n g i r i  '■■'cl.



G E M B E 

N Y A M A R A N D I .

KIBIBURA.

SUMBA.  MUSARE,
N I Y AK I YA .  MAT HI ARI O.

O M U T A G E T I .

S AGURUME.

USENGERE
ÎWASSI .

R A N G WA .

On ÎT yam arandi, n e p h o l i n i t ê  Iv .v . "  r ' . i  . 
a n d ''K ib ib u ra  i s  c or.no z s i  o n i in a l  - 

On GcLibe i t s e l f ,  t n e r e  i s  ; 
n e p h e l in i t e  l a v a  o c c u rs  a t  th e  1. se  o f  " 
fe .ê t  o f  l a v a  a r e  su o o ee d ed  b y  r.£ b z l i r . i t  
w i th  l a v a  .flow s.

. ' . Ltficn callern" round aÀdwa (:
. ■ “i T r Ana t h e  rezmaii.s of th=. the.-BWr-a-Xwlun-

B^ojeotea ln..-:.ids, tl.r

.1 . . i l OS i r o n  
b ' . t a r e n t  do.-.3 rih.ib. :f 

w ould  c l e a r  th e

‘"f
t h e  s te e p e '.v lr .-

v :_ . ,  .n_oz c c c u r .;  ;,u. r  :v .; 
r i . ‘. - e  b e tw e e n  C-enbe and  O m u ta s e t i .



K W I R A T H I A .

N Y A M R IS IR A .

B UK ULA .

R A G W E .
M F W A 

K W IT U T U .

N G A 
K A K I I M B A .

N O  .

N Y A KW ER l.

K I B U O G I T A K A W  I R IT

-Tae Lfv/an^aao ? a u l t  r im s  'belrrfeen i 'ib u o ^ i  and d 'a k aw ir i and IlfKarw=:aiio. 
H ere i t  m ust have a th row  o f  a t  l e a s t  1500 f e e t ,  s in c e  E lW o ^ i i s  
composed e n t i r e l y  o f n e p h e l in i t e  la v a s  and a î^ g lo n e ra te s ,  w hereas a t

c t  be tw een  _. 
■ th e  m ain na;

Saks’. 'i i r i  i s  oonposed  e n t i r e l y  o f  g r a n i t f e ^ ^ e t - s h t ,  and a sm a ll 
e:coosure  o f  ç r a n i t e  o c c u rs  a t  th e  s o u th - e a s t  c o rn e r  c f  îifvranBano.

The s u c c e s s io n  on Kfwangano c o n s i s t s  o f  c o n stlo a iera tss  t u f f s  
and  ia e la n i te  n e p h e l i n i t e ,  w hich have be en  c o r r e l a r e a  by  U hitv.-orth.
( 19S I)  v ;ith  th e  m ain sequence  on S u s in s a .  They a re  succeeded  by 
n e p h e l in i t e  a g g lo m era te  (v ;h itv Jo r th 's  U pper A gg lo is ,e ra te ), v?M.ch form s 
la r g e  e a s t -  and n o r th - f a c in g  c l i f f s ,  and n e n h e l ih i te  lava- (V liitw orth*  
Cap h a v a ) .  The d ip  s lo p e  o f  th e  n e p h e l in i t e  a g g lo m era te  and la v a



N

R U S 

GUMBA.

A

k i a h e r a .

LUGONGO.

SIENGA.

U Y O  M A

HlWEGI.

MBITA.

Gv.r.ba l 3  c z c ^ o s e d  o : a  sv .cc e s iL c r . o f  o o r .r ' l c n o i 'a t s s  and  t u f f s ,  
s e o a r s to J .  f r o -  o t h e r  ex 'p o su re e  c a  - v a s in ta  oy a  t h i c k  han d  o f  
a l l u v i u i .  h '.:t c o r r e l a t e d  h y  '. /h ia v .'o r th  (1 9 5 ? )  w i th  t h e  lo w e r  p a r t  
o f  t h e  s u c c e s s io n  on, k i a h e r a  k i l l .

A t S ie n g a  P o i n t , t h e  n e l a n i t e  n e p h e l i n i t e  i s  e x p o se d  a t  l a k e  l e v e l ,  
an d  th e  c o n ' ' l o n e r a t e s  an d  t u f f s  o f  t h e  K ia h e r a  s e r i e s  a r e  m i s s in g .
The t h ib lo i e s s  o f  t h e  n e l a n i t e  n e p h e l i n i t e  i s  f a r  g r e a t e r  t h a n  on  ' 
K ia h e r a  K i l l , an d  i t  i s  o y e r l a i n  b y  n e p h e l i n i t e  a g g lo n e r a t e  
(3 h a c lc le v 0 .u 's  K ia n g a ta  A g g lo m e ra te )  an d  n e p h e l i n i t e  l a v a ' (S h a c k le to n V s  
Lunene L ava) on L u gongo .

L,
'The s u c c e s s io n  on  K ia h e ra  h i l l  c o n s i s t s  o f  c o n g lo m e ra te  and  tu f f s  

■ ( S h a c k le to n ’ 3 K ia h e r a  S e r i e s  1951) , o v e r l a i n  b y  m e la n i te  n e p h e l in i te  
( t h e  K u singa  A g g lo t ie r a te  o f  S h a c k le to n ) , . .  . P a r t  o f  S h a c k le to n 's  
H iw eg i S e r i e s ,  m o s t ly  t u f f s ,  some c o n ta in in g  a c c r e t i o n a r y  l a t i l l i ,  
i s  ex posed  a t  t h e  to p  o f  K ia h e r a  K i l l .

The K fu an g an o  F a u l t  r u n s  th r o u g h  th e  M b ita  C h a n n e l ,  w here 
th ro w  i s  a t  l e a s t  500  f e e t .  To. t h e  n o r t h  .o f  i t , '  
r e s t s  on  t u f f  a t  t h e  to p  o f  E iw e g i - K i l l  ; t o  t h e  
a g g lo m e ra te  i s  e x p o s e d  a t  l a k e  l e v e l .

The c o n t i n u a t i o n  o f  t h e  f a u l t  c a n  b e  s e e n  a s  a  s m a ll

H l s i n e i r i  V c lo s n o fro : '.  ;-roassa I s la .- .d .



G E M  B E .  

NYAMARANDI .

KIBIBURA.

SUMBA. 
NIYAKIYA. MATHIA

OMUTAGETI.

SAGURUME.

On'Nvaïïiarandi, nephelinite lava overlies nelanits nephelinite, 
and-'Kioihura is composed entirely of nelanite nephelinite.

On Genhe itself, there is no-nelanite nephelinite, and 
nephelinite lava occurs at the hase, of the succession. Over 1000 
feet of lava are succeeded by nephelinite acglbÈerate intercalated 
with lava flows.

The extent of the ero 
east to west) "can be 
are p r e s e n t e d  by On-
these-parts of the doj 
top of Rangwa easily.



M U S A R E .  U SE NG E RE .
^RIO. G W À SS I .  K W I R A T H I A .

R A N G W A .

N Y A M R I S I R A ,

BU KU LA .

R A G W E .

K I B U O G I

‘S ion  " c a ld e ra "  roimdi 
se e n , and, th e  reinnari' 
t r ta g e t i .^ a d ;  th e  .'BhW: 
ne a re  g 'h o jsc te d  Inw;

lahg-wa (11  m i l e s  fro m  
3 ’ 0 Î- t h e  , 'b ase m e n t dome 
a-K w iungd  r i d g e  - t f  
r d s ,  t h e y  w o u ld  c l e a r  th e

The K iw an g an o  F a u l t  r u n s  h s tw e e n  K ib u o g i an d  T a k a w ir i  a n d  lifw a n g a n o . 
H e re  i t  m u s t h a v e  a  th ro w  o f  a t  l e a s t  I 5 0 0  f e e t , s i n c e  E ib u o g i  i s  
coELOOsed e n t i r e l y  o f  n e o h e l i n i t e  l a v a s  a n d  a .g g lo m e r a te s , w h e re a s  a t  
t h e * s o u t h  e a s t  o f  K fw angaho t h e  b a s e  o f  t h e  n e p h e l i n i t e . a g g l o m e r a t e  
o c c u r s  600  f e e t  a b o v e  l a k e  l e v e l .

^ the ai, between 
Dip slopaa 01 the volcanica can be seen both on Regwe end Kibuogi.

T a k O T ir i  
e x o o s u r e  

The 
a n d  m e la  (1961) w 
n e p h e l in  
l a r g e  e s  
Cap L ava 
c a n  b e  s



w .

M F W A N G A N O .  
KWITUTU. KAKIIMBA. NYAKWERl.

T A K A WI R I

Kfwangano. 
)ub'si is 
.'he re as at 
:gloxerats

Takawiri is composed entirely of granitd^'l^îâêêô'Éît, and a small 
exposure of granite occurs at the south-'%stst‘' corner of lifwangano.

The succession on Mfwangano consists' of conglomerates tuffs 
and melanite nephelinite, which have been correlated by Whitworth, 
(1961) with the main sequence on Rusinga. They are succeeded by ■ 
nephelinite agglomerate (Whitworth's Upper Agglomerate), which forms 
large east- and north-facing cliffs, and. nephelinite laya. (Whitworth's 
Cap L a v a ) . The dip slope of the nephelinite agglomerate and lava 
can be seen.



H O M A  M O U N T A I N .

N Y A M A JI.

G O T  ARIYO N O R T H  RURI S O U T H  RURI,

K A N I A M W  a !

O L A

M IN  A L O O  G O T  O P O L O



 ̂ E S C A R P M E N T  

M B W E  V A L L E Y G W A S S I  H I L L S RA N G W A  

S I N D O  P A S S

S 5 r  j - s â 5 5 3 % % '5 J T l ,
would c l e a r  the to p  o f  Hangwa by  a t  l e a s t  1000 f e e t .



A"
U Y O  M A 

R U S l '  N G A 

W A N  YAM  A ,  L U G O N G O .  SIENG A 

G U M B A

M B IT A
C H A N N E L .

G W A S S I  H I L L SSINDO PASS, U S E NG ER E.  ' K  

R A N G W A .  N Y A M RIS IR A
B U K U L A .  R A G W E  BAY.

K I B U O  G

. M B A S S A  

T A K A W I R

di-D s lo p e  .o f n e o h e la n i t e  j. 
G.embe t o  the-. .îîb x ta  C h an n el 
l e v e l  o f .xa&e V xcto

U sen g e re  a n d  K v ;ir^  
Tne w e s t s.idQ-Æ

H usinfta  a n a  th e  n a x n la n aThe M fwangano f a u l t ,  i
n o r t h  o f  T aka\tn .rx . . ...

T a k & .w iri- is  com posed ox u n f e n i t i s e d  g r a n i t e ,  anu  hhs
■ridste o f  ha 

S iü n ila  t o  îiyam ri



CWA S S I H I L L S.
USENGERE. 'KWIRATEliA. . 

R A N G W A ,  NYAMRISIRA.
NYANDHIWA. 

UKONGO.
BUKULA. RAGWE BAY. N G E R I  BAY.

K I B U O G I .  . . ïRAGWE.

>p 01 ,/(
î th e Usengere .and hwiratÿia are canned by a dip slope of nephelinibB. 

The west. is a dip slope also.

A r i d g e  of b a s e m e n t c o n c e n t r i c  w i th  t h e  edge of^hangw .a r u n s  fro m  - _
B u h u la  to Nyararisira.

' ,   —



E S C A R P M E N T " .
S I G A M A .  RACHAR

K A N I A M W A

of* th e  SLiall io.v^Eoma M oun ta in , N o r th  R u r i  and  S o u tn  
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The c e n t r e  o f  t h e  v o l c a n o  i s  Rangwa, an  o v a l  h i l l ,  

m i l e s  f rom  n o r t h  t o  s o u t h  and 3 from e a s t  t o  w e s t .  I t  i s  

5 , 6 6 6  f t .  h i g h  and  j u s t  u n d e r  1 ,9 0 0  f t .  above  l a k e  l e v e l ,  w h ich  

c u r r e n t l y  s t a n d s  a t  3 , 7 3 0  f t .  above  s e a  l e v e l .  Rangwa i s  

s u r r o u n d e d  by  c l i f f s  and b i g  t a l u s  s l o p e s ;  t h e  c l i f f s  form an 

a lm o s t  c o n t i n u o u s  sm ooth  c u r v e  i n  t h e  e a s t  and s o u t h  ( F i g u r e  4 

and  p l a t e s  2 ,  3 ,  4  and  3 ) ,  b u t  a r e  b r o k e n  by v a l l e y s  i n  t h e  

w e s t  and  n o r t h  w e s t  ( p l a t e  6 ) .  I n  t h e  m id d le  o f  t h e  m o u n ta in  

i s  a  f l a t  a r e n a ,  N y a l i i r a n g a c h a ,  w i t h  a  r a d i u s  o f  a b o u t  a  m i l e  

and f l a n k e d  by  i m p r e s s i v e  c l i f f s  t h a t  a r e  b r o k e n  o n l y  by  a  

d r a i n a g e  o u t l e t  s e v e r a l  h u n d r e d  y a r d s  a c r o s s  t o  t h e  n o r t h  w e s t  

( p l a t e  1 ) .  B e tw een  t h e  two c i r c l e s  o f  c l i f f s ,  t h e  w e s t e r n  p a r t  

o f  Rangwa c o n s i s t s  o f  a  l i n e  o f  s h a r p  p e a k s ,  l lbuwi,  E r i a u r u m a ,  

M u i t h e r e r e  and  Kumuthua, t h e  h i g h e s t ,  w h ic h  r i s e s  t o  1 ,3 0 0  f t .  

above  t h e  l a k e ,  and  t h e  e a s t e r n  and s o u t h e r n  p a r t s  a r e  formed by

However, i t  i s  n o t  a  l o c a l l y  u s e d  p l a c e  name, b u t  a  word m eaning  

”To B orrow "  i n  K i s u b a ,  t h e  l o c a l  l a n g u a g e .  P o s s i b l y  i t  i s  a  

c o r r u p t i o n  o f  " K a l c s i n g i r i " , t h e  name o f  t h e  l o c a t i o n  i n  which  much 

o f  t h e  v o l c a n o  l i e s .

I n  t h i s  w ork ,  l o c a l l y  d e r i v e d  names a r e  u s e d  w h e re v e r  i t  i s  

f e a s i b l e .  P l a c e  names w i l l  be  d i s c u s s e d  f u r t h e r  i n  t h e  s e c t i o n  

on m ap p in g .
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a  h i g h e r  humpbacked r i d g e ,  c o m p r i s i n g  E r i k e n d e  ( t h e  summit o f  

Rang w a) , E n d o v e r e n i a ,  K i th am w e n i ,  K u r u g i t h o ,  Kunthewe and 

K i n y a t h e n g o ,  and  d i s s e c t e d  by  c o n c e n t r i c a l l y  a r r a n g e d  v a l l e y s  

o f  w h ic h  Omwoyo ( p l a t e  1 )  and  N y a n d i g id a  ( p l a t e  4 )  a r e  t h e  

l o n g e s t •

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

by a l l u v i u m  on a l l  s i d e s  e x c e p t  t h e  n o r t h ,  where  t h e  t a l u s  s l o p e s  

d ro p  i n t o  t h e  l a k e .  Beyond t h e  a l l u v i u m ,  t h e r e  i s  a  p a r t i a l  r i n g  

o f  b a s e m e n t  h i l l s .  They a r e  r o u n d e d  and  some a r e  a s  h i g h  a s  

Rangwa ( p l a t e  7 )*  They a r e  m o s t l y  a t  d i s t a n c e s  o f  b e tw e e n  1 and 

4 m i l e s  o u t ,  and  i n  t h e  s o u t h ,  one o f  them .  Manga, c o n n e c t s  

Rangwa w i t h  G w ass i  ( p l a t e  6 ) .  I t  i s  composed p a r t l y  o f  a l l i a l i n e  

p l u t o n i c s ,  and  two s p u r s  o f  a l k a l i n e  r o c k s  and b a s e m e n t ,  K i t u n d a  

and E k i a g a r i a ,  p r o j e c t  from Rangwa t o  t h e  s o u t h  e a s t  ( p l a t e  5)*

The b a se m e n t  zone  i s  o v e r l o o k e d  by t h e  r e m n a n t s  o f  an 

i n w a rd  f a c i n g  s c a r p ,  som e t im es  o f  c l i f f s ,  b u t  u s u a l l y  j u s t  s t e e p  

s t o n y  s l o p e s .  They a r e  t h e  i n n e r  edge  o f  t h e  s h e e t s  o f  v o l c a n i c s  

t h a t  d i p  away from Rangwa, and  a r e  found  b e tw e e n  2 and 5 m i l e s  o u t .  

The v o l c a n i c s  t o  t h e  e a s t ,  s o u t h  and w e s t  form m o u n t a i n s .  Gembe 

l i e s  t o  t h e  n o r t h  e a s t ,  smd i s  a  r i d g e  w i t h  a  g e n t l e  o u tw a rd  

s l o p e ,  r i s i n g  t o  6 ,2 3 0  f t .  ( F i g u r e s  2 and  3 &nd p l a t e s  7 -  1 0 ) .

To t h e  s o u t h  e a s t ,  s o u t h  and  s o u t h  w e s t , a  c o n t i n u o u s  s c a r p ,  t h e  

G w ass i  H i l l s ,  i s  s e p a r a t e d  from Gembe by  t h e  S in d o  P a s s ;  i t  r u n s  

from Sumba t o  K w i r a t h i a  ( p l a t e s  7 -  1 0 ) ,  and U s e n g e r e ,  a t  7 ,4 3 0  f t .
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i s  t h e  h i g h e s t  h i l l .  From a  d i s t a n c e ,  t h e  m o u n ta i n s  a p p e a r  t o  

be  s o l i d  d i p  s l o p e  m a s se s  ( p l a t e  7 ) ,  b u t  i n  f a c t  t h e y  a r e  h i g h l y  

d i s s e c t e d  by  l o n g  s t r a i g h t  r a d i a l  v a l l e y s .

To t h e  s o u t h  e a s t ,  t h e  v o l c a n i c s  o f  G w ass i  and Gembe 

d i s a p p e a r  u n d e r  t h e  Olambwe V a l l e y ,  a  b r o a d  f l a t  a l l u v i u m -  

c o v e r e d  p l a i n ,  i n  w h ic h  t h e  Olambwe H i v e r ,  t h e  o n l y  s t r e a m  o f  any 

s i z e  i n  t h e  a r e a ,  m e a n d e r s .  Beyond t h e  v a l l e y  i s  t h e  Kaniamwa 

f a u l t  l i n e  s c a r p ,  1 , 8 0 0  f t .  h i g h  o p p o s i t e  G w a s s i ,  b u t  p e t e r i n g  

o u t  a t  e i t h e r  end  ( p l a t e  1 0 ) .  At t h e  s o u t h  end ,  t h e  v a l l e y  i s  

b l o c k e d  by  lo w  p a r a l l e l  r i d g e s  o f  v o l c a n i c s ,  and a t  t h e  n o r t h  

t h e r e  a r e  t h e  h i l l s  o f  t h e  H u r l  and  a s s o c i a t e d  a l k a l i n e  c o m p le x e s ,  

a s  w e l l  a s  num erous  s m a l l  c o n i c a l  p l u g s  o f  p h o n o l i t e  ( p l a t e  8 ) .

A c o m p le m e n ta ry  f a u l t  l i n e  s c a r p ,  p r o b a b l y  once  a s  b i g  a s  

t h e  Kaniamwa E sc a rp m e n t  b u t  now much d i s s e c t e d ,  l i e s  t o  t h e  n o r t h  

w e s t  o f  t h e  v o l c a n o .  I t  i s  r e p r e s e n t e d  by t h e  i s l a n d s  o f  Mfwangano, 

T a k a w i r i  and  R u s i n g a ,  a s  w e l l  a s  by  a  s m a l l  s c a r p  on Uyoma. I t  

i s  p a r a l l e l  t o  t h e  Kaniamwa E s c a r p m e n t ,  a n d ,  l i k e  i t ,  i s  h i g h e s t  

o p p o s i t e  t h e  v o l c a n i c  c e n t r e .  S o u th  e a s t  o f  t h i s  f a u l t ,  t h e  

b a s e m e n t  h i l l s  a r e  m i s s i n g ,  and  o n l y  s m a l l  amounts  o f  v o l c a n i c s  

s u r v i v e ,  f o r m in g  K ib u o g i  I s l a n d  and Hagwe P o i n t  ( F i g u r e  2 and p l a t e  7)* 

Mfwangano i s  a  t r i a n g u l a r  i s l a n d  r i s i n g  1 , 7 0 0  f t .  above l a k e  l e v e l ,  

and  a b o u t  8 m i l e s  a c r o s s ,  w i t h  r u g g e d  c l i f f s  t o  t h e  s o u t h  and 

e a s t ,  and  a  g e n t l e  d i p  s l o p e  r u n n i n g  n o r t h  w e s t  ( p l a t e  7)*
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T a k a w i r i  i s  a  s m a l l  low b a se m e n t  i s l a n d .  R u s in g a  i s  t h e  same 

s i z e  a s  Mfwangano, b u t  w i t h  more v a r i e d  t o p o g r a p h y ,  a  r e f l e c t i o n  

o f  more c o m p l i c a t e d  g e o l o g y  and t h e  f a c t  t h a t  e r o s i o n  h a s  

p r o c e e d e d  f u r t h e r  ( p l a t e s  7 and  9 ) .  The r o c k s  on R u s in g a  and 

Mfwangano d i f f e r  from t h e  r e s t  o f  t h e  v o l c a n i c s  i n  t h a t  t h e y  

i n c l u d e  a  l a r g e  p r o p o r t i o n  o f  s e d i m e n t s  and  t u f f s  w i t h  n o n - v o l c a n i c  

f r a g m e n t s .

Outward  from t h e  a r e a s  d e s c r i b e d ,  t h e  v o l c a n i c s  c o v e r  l a r g e  

s t r e t c h e s  o f  f e a t u r e l e s s  p l a t e a u  and  p l a i n ,  b o t h  s o u t h  e a s t  o f  

t h e  Kaniamwa E sc a rp m en t  and  on Uyoma.

2 .  CLIMATE AND VEGETATION.

The a r e a  h a s  a  v a r i e d  r a i n f a l l ,  p r o b a b l y  a v e r a g i n g  40 

i n c h e s  n e a r  t h e  l a k e ,  b u t  much h i g h e r  i n  t h e  G w ass i  H i l l s ,  wh ich  

h ave  s e v e r a l  s t o r m s  a  week f o r  most  o f  t h e  y e a r .  Some i s o l a t e d  

p o c k e t s  on t h e  c o a s t ,  su c h  a s  N g e r i  Bay, b e n e f i t  f rom b e i n g  n e a r  

h i g h  g r o u n d ,  and  have  c o m p a ra b le  r a i n f a l l s .  Most o f  i t  f a l l s  

d u r i n g  t h e  l o n g  r a i n s  i n  March and A p r i l ,  and t h e  s h o r t  ones  i n  

O c t o b e r ,  and  comes a s  v i o l e n t  a f t e r n o o n  o r  e v e n i n g  t h u n d e r  s t o r m s  

t h a t  a r e  b lown down from t h e  K i s i i  H i g h l a n d s .  The r a i n s  o f t e n  

f a i l ,  a s  t h e y  d i d  i n  March I 9 6 5 , o r  come a t  d i f f e r e n t  t i m e s  o f  y e a r ;  

t h i s  c a u s e d  t h e  f l o o d s  o f  December I 96 I  w h ich  r a i s e d  t h e  l e v e l  o f  

t h e  l a k e  by 7 f t .  Much o f  t h e  r a i n  t h a t  d oes  f a l l  i s  l o s t  t h r o u g h  

e v a p o r a t i o n  and r u n o f f ,  c a u s i n g  a  l a r g e  amount o f  g u l l e y  e r o s i o n .
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E x c e p t  f o r  a  few s m a l l  s t r e a m s  on Mfwangano and  t h e  Olambwe 

R i v e r ,  t h e  r a i n f a l l  i s  n o t  enough t o  s u p p o r t  p e rm a n e n t  s t r e a m s .

The i n f l u e n c e  o f  t h e  l a k e  and t h e  h e i g h t  above s e a  l e v e l  

p r e v e n t  e x c e s s i v e l y  h i g h  t e m p e r a t u r e s .  However,  i t  i s  n e a r l y  

a lw a y s  s u n n y ,  and  t h e  t e m p e r a t u r e s  so m e t im es  r i s e  t o  o v e r  80 ° ,  

e s p e c i a l l y  i n  J a n u a r y ,  t h e  h o t t e s t  m on th .  The e f f e c t  o f  t h e  

t e m p e r a t u r e  i s  m o d i f i e d  by b r e e z e s  from and t o  t h e  l a k e .

Where t h e y  a r e  n o t  u n d e r  c u l t i v a t i o n ,  t h e  p l a i n s  and lo w e r  

s l o p e s  o f  t h e  h i l l s  have  a  s e a s o n a l  c o v e r i n g  o f  l o n g  g r a s s  

s p r i n k l e d  w i t h  A c a c i a  and  E u p h o r b i a  c a n d e l a b r a  t r e e s .  The h i l l s  

s u p p o r t  s e v e r a l  t y p e s  o f  v e g e t a t i o n .  The h i g h e r  p a r t s  o f  U seng e re  

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

and c r e e p e r s .  Most o f  Rangwa, p a r t s  o f  t h e  G w ass i  H i l l s  and 

Mfwangano have  t h i c k  s e c o n d a r y  t h o r n  and  E u p h o r b i a  b u s h .  A p a r t  

from p a t c h e s  o f  f o r e s t ,  t h e  r e s t  o f  t h e  v o l c a n i c s  a r e  c o v e r e d  

w i t h  t a l l  g r a s s .  The b a se m e n t  h i l l s  n o r m a l l y  have  l i t t l e  s o i l  

c o v e r ,  and o n l y  s u p p o r t  s h o r t  g r a s s .  W ith  t h i s  one e x c e p t i o n ,  

t h e  d i s t r i b u t i o n  o f  v e g e t a t i o n  i s  r e l a t e d  more t o  c l i m a t i c  

c o n d i t i o n s ,  p a s t  l a n d  u s a g e  and  s e a s o n a l  b u r n i n g  t h a n  t o  t h e  

u n d e r l y i n g  g e o l o g y .

3 .  SETTLEMENT AND GQMÎ4UNICATIQNS.

At t h e  p r e s e n t  d a y ,  t h e  a r e a  h a s  a  s c a t t e r e d  p o p u l a t i o n ,  

and  c o m m u n ic a t io n s  a r e  p o o r .  The d i s t r i c t  and c o u n ty  a d m i n i s t r a t i v e
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c e n t r e  i s  a t  Homa Bay.  L o c a l  a d m i n i s t r a t i o n  i s  o r g a n i s e d  by t h e  

c h i e f s  o f  t h e  f i v e  l o c a t i o n s  o f  K a k s i n g i r i ,  G w a s s i ,  Gembe, R u s i n g a  

and  Mfwangano, e a c h  o f  w h ich  s u p p o r t s  a  few t h o u s a n d  p e o p l e .

The i n h a b i t a n t s  a r e  B a su b a ,  from a  s m a l l  g ro u p  o f  B a n tu  

t r i b e s ;  t h e y  s p e a k  a  l a n g u a g e  s i m i l a r  t o  Luganda ,  and came from 

Uganda i n  s e v e r a l  waves a b o u t  400 y e a r s  a g o ,  o u s t i n g  o r  

a s s i m i l a t i n g  t h e i r  M asa i  p r e d e c e s s o r s .  They i n  t u r n  a r e  b e i n g  

a s s i m i l a t e d  by  t h e  much l a r g e r  Lwo, a  N i l o t i c  t r i b e .

They l i v e  m a i n l y  by  s u b s i s t e n c e  f a r m i n g ,  and  grow m a iz e ,  

m i l l e t  c a s s a v a  and s w e e t  p o t a t o e s ;  some c a s h  c r o p s ,  su c h  a s  s i s a l ,  

c o t t o n  and g r o u n d n u t s  have b e e n  i n t r o d u c e d .  Each f a m i l y  v i l l a g e  

k e e p s  l a r g e  h e r d s  o f  c a t t l e  and  g o a t s .  As t h e y  a r e  u s e d  f o r  p a y in g  

b r i d e  p r i c e ,  t h e y  a r e  b r e d  f o r  num bers  r a t h e r  t h a n  q u a l i t y .  Hence 

t h e r e  i s  o v e r g r a z i n g ,  and  t h i s ,  w i t h  t h e  a n n u a l  g r a s s  b u r n i n g  and 

t o r r e n t i a l  r a i n ,  c a u s e s  r a p i d  s o i l  e r o s i o n .  F i s h i n g  p r o v i d e s  a  

m a j o r  s o u r c e  o f  fo o d  and in co m e .

S e t t l e m e n t  t o d a y  i s  s p a r s e  enough  to  a l l o w  s h i f t i n g  

c u l t i v a t i o n ,  b u t ,  a s  most  o f  t h e  h i l l s i d e s  a r e  c o v e r e d  w i t h  l o n g -  

ab an d o nn ed  t e r r a c i n g ,  t h e  p o p u l a t i o n  must  have b e e n  f a r  g r e a t e r  

o n c e .  O u t b r e a k s  o f  S l e e p i n g  S i c k n e s s  have  c a u s e d  t h e  r e d u c t i o n ,  

and  t h e  Olambwe V a l l e y  i s  s t i l l  w o rse  i n f e s t e d  w i t h  t h e  d i s e a s e  

t h a n  any o t h e r  p a r t  o f  E a s t  A f r i c a .

Th ere  a r e  few r o a d s  i n  t h e  a r e a ;  t h e  main on es  a r e  d ry  

w e a t h e r  r o a d s  t o  S in d o  v i a  M b i t a ,  and t o  Karungu and Magunga, b o t h
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f rom Homa Bay.  As w e l l ,  t h e r e  a r e  some t r a c k s  i n  t h e  Olambwe 

V a l l e y ,  a  t r a c k  f rom  S in d o  t o  Nyangw ethe ,  and  a  r o a d  t o  t h e  EAPT 

r e p e a t e r  s t a t i o n  on t h e  t o p  o f  Gembe.
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I l l

PREVIOUS WORK IN THE AREA

P a r t s  o f  t h e  K i s i n g i r i  Volcano have  a t t r a c t e d  c o n s i d e r a b l e  

g e o l o g i c a l  a t t e n t i o n .  The f i r s t  g e o l o g i s t  t o  p u b l i s h  work on 

t h e  a r e a  was Oswald ( 1 9 1 4 ) ,  who c o n c e n t r a t e d  m o s t l y  on t h e  T e r t i a r y  

s e d i m e n t s  a t  K a ru n g u .  He t r a v e l l e d  by b o a t  down t h e  K av i ro n d o  G u l f ,  

and  ro u n d  t h e  G w ass i  H i l l s .  He r e a l i s e d  t h a t  t h e y  a r e  v o l c a n i c ,  

and  compared  them w i t h  t h e  P l a t e a u  B a s a l t s  o f ^ S c o t l a n d  and N o r t h e r n  

I r e l a n d .  However,  he d i d  n o t  a p p r e c i a t e  t h a t  t h e  h i l l s  a r e  t h e  

r e m n a n t s  o f  one l a r g e  c e n t r a l  v o l c a n o .  He g i v e s  a  good s t r a t i g r a p h i e  

d e s c r i p t i o n  o f  t h e  b e d s  a t  K a run g u ,  and  s u g g e s t s  t h a t  t h e  change  i n  

s e d i m e n t  t y p e  i s  due t o  t h e  d o w n g rad ing  o f  a  l a r g e  r i v e r .

Most o f  t h e  r e s t  o f  t h e  work t o  d a t e  h a s  b e e n  c o n c e r n e d  w i t h  

t h e  s t r a t i g r a p h y  and  p a l a e o n t o l o g y  o f  R u s i n g a  and Mfwangano i s l a n d s .  

The b e d d e d  s e q u e n c e  on R u s in g a  was d i s c o v e r e d  by Wayland (1931)*

Kent  ( 1 9 4 4 ) g i v e s  an  a c c o u n t  o f  t h e  g e o l o g i c a l  work a c c o m p l i s h e d  on 

R u s i n g a  and  e l s e w h e r e  i n  t h e  K a v i ro n d o  R i f t  d u r i n g  t h e  1934 -  1933 

E a s t  A f r i c a n  A r c h a e o l o g i c a l  E x p e d i t i o n ;  he c o n s i d e r e d  t h a t  t h e  

p o s i t i o n  and  o r d e r  o f  t h e  b e d s  i s  i n f l u e n c e d  by l a r g e  s c a l e  t h r u s t i n g ,  

and  t h a t  t h e  K a v i ro n d o  R i f t  i s  fo rm ed  by  c o m p r e s s i o n .

S h a c k l e t o n  (1931)  d e s c r i b e s  t h e  s t r a t i g r a p h y  o f  K i a h e r a  H i l l  

on R u s in g a  a n d  g i v e s  a  v e r y  d e t a i l e d  map; t h i s  i s  u s e f u l ,  a s  t h e  

h i l l  p r o v i d e s  o u t c r o p s  o f  most  o f  t h e  s e d i m e n t a r y  u n i t s  found  on
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t h e  i s l a n d .  He c o u p l e s  h i s  a c c o u n t  w i t h  b r o a d e r  o b s e r v a t i o n s  on 

R u s i n g a  and  t h e  K a v i ro n d o  R i f t .  He d i s a g r e e s  w i t h  many o f  K e n t ' s  

c o n c l u s i o n s ,  and  m a i n t a i n s  t h a t  t h e  R i f t  i s  fo rm ed by t e n s i o n .

A l s o ,  he shows t h a t  t h e  l a r g e  g r a n i t e  and  l i m e s t o n e  b o u l d e r s ,  w h ich  

Wayland and  Kent  fo u nd  on t h e  e a s t  s i d e  o f  Gumba H i l l ,  and s u p p o s e d  

w ere  i n  s i t u  b a s e m e n t ,  a r e  i n  f a c t  e x o t i c  f r a g m e n t s  i n  p a r t  o f  t h e  

v o l c a n i c  and  s e d i m e n t a r y  s e q u e n c e .

W h i tw o r th  (1 9 3 3 )  mapped Gumba p e n i n s u l a  a t  t h e  e a s t e r n  end 

o f  R u s i n g a ,  and  t h e  s e q u e n c e  o f  l i t h o l o g i e s  he d e s c r i b e s  i s  

c o r r e l a t e d  w i t h  t h e  one on K i a h e r a ,  t h o u g h ,  u n f o r t u n a t e l y ,  t h e y  a r e  

g i v e n  a  new s e t  o f  names.

W h i tw o r th  (19 3 8 )  g i v e s  a  g e n e r a l  g e o l o g i c a l  d e s c r i p t i o n  o f  

Mfwangano, and  r e l a t e s  t h e  s t r a t i g r a p h y  t o  t h a t  o f  R u s i n g a .  He 

a l s o  a t t e m p t s  t o  show t h a t  t h e  Mfwangano f a u l t  i s  an  u n i m p o r t a n t  

s t r u c t u r e ;  t h i s  i s  b a s e d  on t h e  m i s t a k e n  a s s u m p t i o n  t h a t  K ib u o g i  

I s l a n d  t o  t h e  s o u t h  o f  Mfwangano i s  composed o f  g r a n i t e  b a s e m e n t ,  

when i n  f a c t ,  i t  i s  n e p h e l i n i t e  and  n e p h e l i n i t e  a g g l o m e r a t e .

Lealcey and  M ac ln n es  have  worked e x t e n s i v e l y  on t h e  f o s s i l  

f a u n a  on R u s i n g a  and Mfwangano (1933 e t c . ) ,  b u t  t h e  p a l a e o n t o l o g y  

i s  n o t  t i e d  i n  w i t h  t h e  s t r a t i g r a p h y ,  and  t h e i r  work i s  i m p o r t a n t  

i n  t h e  p r e s e n t  c o n t e x t  o n l y  i n  so f a r  a s  i t  shows t h e  v a r i e t y  and  

e x c e l l e n t  s t a t e  o f  p r e s e r v a t i o n  o f  t h e  f o s s i l s .  T hese  a r e  good 

c l u e s  t o  t h e  e n v i r o n m e n t  and  t y p e  o f  s e d i m e n t a t i o n  w h ich  b u r i e d  t h e  

a n i m a l s •
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M cC all  ( 1 9 3 8 ) ,  i n  h i s  a c c o u n t  o f  t h e  Gwasi a r e a  q u a r t e r  

d e g r e e  s h e e t ,  d e s c r i b e s  t h e  m ain  r o c k  t y p e s  found  on t h e  K i s i n g i r i  

V o lc a n o ,  p r o v i d e s  a  w e l l  r e a s o n e d  s y n t h e s i s  o f  t h e  h i s t o r y  o f  t h e  

v o l c a n o  and  d i s c u s s e s  i t s  o r i g i n  f u l l y .

Rangwa i t s e l f  f i g u r e s  l i t t l e  i n  g e o l o g i c a l  l i t e r a t u r e .  

S h a c k l e t o n  (1 9 3 1 )  r e c o g n i s e d  i t  a s  t h e  v o l c a n i c  c e n t r e  and saw t h a t  

i t  i s  composed l a r g e l y  o f  a g g l o m e r a t e  and c a r b o n a t i t e .  McCall  

( 1 9 3 8 ) g i v e s  d e s c r i p t i o n s  o f  some o f  t h e  r o c k s  and a  map, b u t  by 

c o r r e l a t i n g  most  o f  t h e  a g g l o m e r a t e  on Rangwa w i t h  t h e  K i s i n g i r i  

n e p h e l i n i t e  a g g l o m e r a t e ,  he do es  n o t  p u t  Rangwa i n t o  a  t r u e  

r e l a t i o n s h i p  w i t h  t h e  r e s t  o f  t h e  v o l c a n o .

F r e q u e n t  r e f e r e n c e  w i l l  be  made t h r o u g h o u t  t h i s  t h e s i s  t o  

M c C a l l ' s  w ork ,  and  t h a t  o f  Oswald ,  K e n t ,  S h a c k l e t o n  and W hitw o r th  

w i l l  be d i s c u s s e d  more f u l l y  i n  P a r t  I I I .
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IV

METHODS OF WORK AND HOCK NOMENCLATURE

1 .  FIELD WORK.

Two s e a s o n s  w ere  s p e n t  i n  t h e  f i e l d ,  one from August  1964 

t o  March 19 6 3 ,  and  t h e  o t h e r  one from J a n u a r y  t o  March I 9 6 6 . The 

e a r l i e r  s e a s o n  was u s e d  t o  map Rangwa, and  t h e  l a t t e r  t o  make 

t r a v e r s e s  on t h e  p e r i p h e r y  o f  t h e  v o l c a n o .

The o n l y  s u r v e y  map c o v e r i n g  t h e  a r e a  i s  t h e  Kenya Ordnance  

S u r v e y  s h e e t  1 2 9 / 1 ,  G w a s s i ,  p u b l i s h e d  i n  I 9 6 2 . The s c a l e  i s  1 : 3 0 , 0 0 0 ,  

and  i t  i s  b a s e d  on a i r  p h o t o g r a p h s  t a k e n  i n  1 9 4 ? ,  1948 and  I 96 I ,  a s  

w e l l  a s  some f i e l d  s u r v e y  d a t a ,  i n c l u d i n g  a  t r i a n g u l a t i o n  p o i n t  on 

t o p  o f  U s e n g e r e .  The c o n t o u r s  a r e  a t  i n t e r v a l s  o f  30 f t . , b u t  w i t h  

s u c h  s c a n t  g r o u n d  c o n t r o l ,  t h e y  a r e  n o t  a c c u r a t e  enough  t o  be  

e n l a r g e d  f o r  g e o l o g i c a l  m ap p ing .

M cCall  ( 1 9 3 8 ) g i v e s  a  map o f  Rangwa a t  a  s c a l e  o f  4 i n c h e s  

t o  t h e  m i l e  ( 1 : 1 3 , 8 4 0 ) ,  on w h ic h  t h e  c o n t o u r s  a r e  i n t e r p o l a t e d  f rom  

a i r  p h o t o g r a p h s  a t  i n t e r v a l s  o f  100 f t .  T h i s  i s  t h e  o n l y  p r e v i o u s  

g e o l o g i c a l  map, b u t  t h e  t o p o g r a p h y  i s  l e s s  a c c u r a t e  t h a n  on t h e  

s u r v e y  map.

S i n c e  t h e  p r e s e n t  work was t o  be done a t  s c a l e s  o f  1 : 1 0 , 0 0 0  

and  1 : 3 , 0 0 0 ,  n e i t h e r  o f  t h e  above  was a d e q u a t e .  So a  new map was 

c o n s t r u c t e d  i n c o r p o r a t i n g  b o t h  t h e  g e o lo g y  and t h e  t o p o g r a p h y  a t  t h e  

same t i m e .  A l l  t h e  m app ing  was done on a  p l a n e  t a b l e  and h e i g h t s
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w ere  m e a s u r e d  w i t h  an  I n d i a n  c l i n o m e t e r .

The f i r s t  f i e l d  map c o v e r s  m ost  o f  Rangwa a t  a  s c a l e  o f  

1 : 1 0 , 0 0 0 .  At t h e  s t a r t  t h e  s h o r e l i n e  and  c h i e f ' s  camp a t  S in d o  

w ere  p l o t t e d  i n  f rom t h e  S u r v e y  map. However,  t h a t ,  s h o r e l i n e  

p r e d a t e s  t h e  I 9 6 I  f l o o d s ,  and  t h e  new c o a s t  was mapped i n  f rom t h e  

o l d  o n e ,  w h ic h  s u r v i v e s  a s  a  d i s c o n t i n u o u s  l i n e  o f  r e e d s  i n  t h e  

la l c e .  The p o s i t i o n  o f  t h e  S in d o  s c h o o l  was t h e n  f o u n d ,  and a  

b a s e l i n e  was m e a s u r e d  f rom i t ,  r u n n i n g  f o r  a b o u t  two m i l e s  n o r t h  

s o u t h  a c r o s s  t h e  f l a t  l a n d  e a s t  o f  Rangwa. From t h e  s h o r e  and 

b a s e l i n e  t h e  main  p e a k s  on Rangwa were  p l o t t e d  on t h e  map and t h e i r  

h e i g h t s  c a l c u l a t e d .  A n e tw o r k  o f  s p o t h e i g h t s  was t h e n  c o n s t r u c t e d  

r o u n d  t h e  p e a lc s ; and t h e  g e o lo g y  was mapped from t h e s e .

The g e o lo g y  and  t o p o g r a p h y  ro u n d  N y a k i r a n g a c h a  p r o v e d  t o  be 

t o o  i n t r i c a t e  f o r  m apping  a t  1 : 1 0 , 0 0 0 .  So t h e  U n i t e d  N a t i o n s  team 

o f  g e o l o g i s t s  w o r k in g  i n  w e s t e r n  Kenya k i n d l y  s u p p l i e d  an  e n l a r g e m e n t  

t o  1 : 1 0 ,0 0 0  o f  t h e  I 96 I  1 : 3 0 ,0 0 0  a i r  p h o t o g r a p h ,  w h ich  was u s e d  t o  

c o n s t r u c t  a  1 : 3 , 0 0 0  map. The p o i n t s  p l o t t e d  on t h e  1 : 1 0 , 0 0 0  map 

w ere  p u t  a t  t h e i r  c o r r e c t  p o s i t i o n s  i n  r e l a t i o n  t o  t h e  a i r  p h o t o g r a p h  

on a  t r a c e  o v e r  i t ,  and  t h e  1 k i l o m e t r e  g r i d  f rom t h e  map was p u t  

o n t o  t h e  t r a c e  i n  a  d i s t o r t e d  form t o  f i t  i n  w i t h  t h e  p o i n t s .  A l l  

p r o m in e n t  f e a t u r e s  ( c l i f f s ,  h i l l t o p s  e t c . )  were  t r a c e d  to  f i n d  t h e i r  

p o s i t i o n s  r e l a t i v e  t o  t h e  d i s t o r t e d  g r i d ,  and t r a n s f e r r e d  t o  a  map 

w i t h  t h e  o r i g i n a l  s t r a i g h t  l i n e  g r i d  a t  a  s c a l e  o f  1 : 3 , 0 0 0 .  By t h i s
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m e th o d ,  t h e  e d g e s  o f  t h e  1 : 3 ,0 0 0  map f i t  i n  w e l l  w i t h  t h e  1 : 1 0 ,0 0 0  

o n e .  H e i g h t s  o f  a b o u t  230 p r o m in e n t  p o i n t s  were  m ea su re d  u s i n g  

t h e  I n d i a n  c l i n o m e t e r  a t  a  c e n t r a l  v i e w p o i n t  i n  N y a k i r a n g a c h a .  

G e o l o g i c a l  m app ing  i n  t h e  t h i c k l y  wooded p a r t s  was done on s m a l l  

s k e t c h  maps p r e p a r e d  from t h e  1 : 3 ,0 0 0  map.

F i n a l l y ,  t h e  1 : 1 0 , 0 0 0  map was e n l a r g e d  t o  1 : 3 , 0 0 0 ,  and a  

map o f  t h e  e n t i r e  a r e a  was p r o d u c e d  a t  t h a t  s c a l e .  C o n to u r s  were  

i n t e r p o l a t e d  a t  i n t e r v a l s  o f  30  f t . ,  u s i n g  t h e  s p o t  h e i g h t s ,  and t h e  

p o s i t i o n s  o f  c l i f f s ,  h i l l s  a nd  r i d g e s .  The map h a s  a  1 km g r i d  

(20  cm on t h e  m ap ) ,  a n d ,  f o r  t h e  p u r p o s e  o f  g i v i n g  g r i d  r e f e r e n c e s ,  

t h i s  g r i d  i s  numbered  i n  t h e  same way a s  on t h e  S u r v e y  map.

P l a c e  names u s e d  a r e  l o c a l  o n e s ;  p a r t s  o f  Rangwa a r e  g e n e r a l l y  

c a l l e d  a f t e r  o l d  h e r o e s ,  who t o o k  t o  t h e  h i l l s  when t h e i r  c o u n t r y  

was i n v a d e d .  A l l  t h e  names i n c l u d e d  on t h e  maps have  b e en  v e r i f i e d  

many t i m e s ,  and  where  t h e y  d i f f e r  from t h o s e  u s e d  on p r e v i o u s  maps 

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

D u r in g  t h e  s e c o n d  f i e l d  s e a s o n ,  some o f  t h e  g e o lo g y  o f  Rangwa, 

p a r t i c u l a r l y  t h e  p l u t o n i c  c e n t r e  t o  t h e  s o u t h  e a s t  and p a r t s  o f  t h e  

c e n t r a l  c a r b o n a t i t e ,  were  r e - m a p p e d .  The i n n e r  c o n t a c t  b e tw ee n  t h e  

domed b a s e m e n t  and  t h e  v o l c a n i c s  was mapped, and e x t e n s i v e  t r a v e r s e s  

w ere  made a c r o s s  t h e  h i l l s  and  i s l a n d s  t h a t  make up t h e  p e r i p h e r y  o f  

t h e  v o l c a n o .  To t h i s  en d ,  a  week e a c h  was s p e n t  on R u s in g a  and 

Mfwangano, and  s h o r t e r  v i s i t s  were  made t o  K i b u o g i ,  T a k a w i r i ,  M bassa ,  

N g e r i  Bay,  K a ru n g u ,  Magunga and  Kaniamwa; a l s o  t r a v e r s e s  were  made
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up t h e  v o l c a n i c  s c a r p  on Gembe and t h e  Gw ass i  H i l l s .

2 .  PETHOGRAPHIC, CHEMICAL AND X-RAY WORK.

310  t h i n  s e c t i o n s ,  c o v e r i n g  a l l  t h e  r o c k  t y p e s  t h a t  were 

fo u n d  on and  a r o u n d  Rangwa, were  e xam ined ,  and i n  t h e  r o c k  

d e s c r i p t i o n s  r e f e r e n c e  i s  made to  t h e  r e l e v a n t  s p e c im e n s .  P o l i s h e d  

s u r f a c e s  o f  m ost  o f  t h e  s p e c im e n s  o f  t u f f s ,  a g g l o m e r a t e s  and 

b r e c c i a s  were  p r e p a r e d ,  a s  t h e s e  show t h e  t e x t u r e s  and r e l a t i o n s  

b e tw e e n  f r a g m e n t s  f a r  b e t t e r  t h a n  t h i n  s e c t i o n s .

8 new c h e m i c a l  a n a l y s e s  ( A n a l y s t  -  Mr. H. L lo y d )  o f  i j o l i t e s ,  

t u r j a i t e s  and  u n c o m p a h g r i t e  a r e  p r e s e n t e d  and d i s c u s s e d .

The s p e c i f i c  g r a v i t y  o f  a. 11 t h e  s p e c im e n s  o f  c a r b o n a t i t e  

was d e t e r m i n e d  u s i n g  a  J o l y  B a l a n c e ,  t o  g i v e  an  i n d i c a t i o n  o f  t h e  

t y p e s  o f  c a r b o n a t e  p r e s e n t  i n  them.

Some s p e c im e n s  o f  c a r b o n a t i t e  were  s t a i n e d  w i t h  sodium 

a l i z a r i n  s u l p h o n a t e  ( M i t c h e l l  1936)  t o  d i s t i n g u i s h  c a l c i t e  from 

d o l o m i t e  and  a n k e r i t e .  A few r o c k s  c o n t a i n i n g  v e r y  f i n e - g r a i n e d  

f e l s p a r  w ere  s t a i n e d  w i t h  sod ium  c o b a l t i n i t r i t e  (Chayes  1932 and 

B a i l e y  and  S t e v e n s  I 96O) t o  show how much o f  i t  i s  p o t a s h  f e l s p a r .

10 s p e c i m e n s  o f  Lower A g g lo m e ra te  and  10 from t h e  T u f f  Group were  

a n a l y s e d  f o r  c a r b o n  d i o x i d e  w i t h  a  v iew  t o  f i n d i n g  t h e i r  c a r b o n a t e  

c o n t e n t .

The x - r a y  d i f f r a c t o m e t e r  a t  t h e  D epar tm en t  o f  G e o lo g y ,  

L e i c e s t e r  U n i v e r s i t y ,  was u s e d  ( w i t h  t h e  h e l p  o f  Mr. J .  Dixon,
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Mr. M.<a. C l a r k e  and  Mr. A.M. F l e g g )  t o  d e t e r m i n e  t h e  ty p e  o f  

c a r b o n a t e  i n  some s p e c i m e n s ,  and t o  t e s t  w h e th e r  much o f  t h e  

amorphous p o t a s h  f e l s p a r  i n  t h e  p y r o c l a s t i c s  i s  o r t h o c l a s e  o r  

m ic ro  d i n e .

3 .  ROCK NOMENCLATURE.

A. ROCKS OF THE MAIN PLUTONIC COMPLEX.

The names u s e d  f o r  r o c k s  o f  t h e  p l u t o n i c  complex  t o  t h e  

s o u t h e a s t  o f  Rangwa a r e  b i o t i t e  p y r o x e n i t e ,  b i o t i t e  u n c o m p a h g r i t e ,  

t u r j a i t e ,  m e l t e i g i t e ,  i j o l i t e  and  u r t i t e .  The r o c k s  w h ich  t h e y  

d e f i n e  can  a l l  be  p l o t t e d  n e a r  t h e  e d g e s  o f  a  t r i a n g u l a r  d i a g ra m  

i l l u s t r a t i n g  t h e  p r o p o r t i o n s  o f  t h e  t h r e e  m ain  m i n e r a l s  i n  them, 

p y r o x e n e ,  m e l i l i t e  and  n e p h e l i n e  ( F i g u r e  7 ) ;  and  t h e  names 

s i g n i f y  a r e a s  i n  t h e  t r i a n g l e . ^  S i n c e  t h e  c o m p o s i t i o n s  o f  t h e  r o c k s  

form c o n t i n u o u s  g r a d a t i o n s ,  any  a t t e m p t  t o  s p l i t  them up i s  

a r b i t r a r y ,  so  a s  few names a s  p o s s i b l e  have  b e e n  u s e d .  A reas  n e a r  

t h e  c o r n e r s  o f  t h e  t r i a n g l e s  a r e : -

1 .  B i o t i t e  p y r o x e n i t e  w h ich  c o n s i s t s  o f  p r e d o m i n a n t l y  

d i o p s i d i c  p y r o x e n e ,  w i t h  m in o r  am ounts  o f  b i o t i t e ,  p e r o v s k i t e  and  

m a g n e t i t e .  T h i s  u s a g e  f o l l o w s  t h a t  o f  Holmes and Harwood (1932 

and  1937)  f o r  f r a g m e n t s  i n  t h e  p o t a s h - r i c h  v o l c a n i c s  o f  S o u th w e s t  

Uganda.

2 .  B i o t i t e  u n c o m p a h g r i t e ,  i n  w h ich  m e l i l i t e  i s  t h e  main
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m i n e r a l ,  and  w h ich  c o n t a i n s  v a r i a b l e  amounts  o f  b i o t i t e ,  n e r o v s k i t e  

and  m a g n e t i t e  a n d ,  s o m e t im e s ,  p y r o x e n e .  T h is  name was u s e d  by 

McCall  ( 1 9 5 8 ) ,  and  t h e  r o c k  d i f f e r s  from t h e  u n c o m p a h g r i t e  

d e s c r i b e d  by L a r s e n  (1 9 42 )  f rom I r o n  H i l l ,  i n  t h a t  b i o t i t e  i s  an  

e s s e n t i a l  and  so m e t im e s  m a jo r  c o n s t i t u e n t .

3 . U r t i t e ,  w h ic h  i s  m a i n l y  n e p h e l i n e  and c o n t a i n s  s m a l l  

q u a n t i t i e s  o f  a e g i r i n e - r i m m e d  a e g i r i n e  a u g i t e .  I t  i s  s i m i l a r  t o  

t h e  t y p e  u r t i t e  f rom t h e  K o la  P e n i n s u l a  (Ramsay I 896  i n  J o h a n n s e n

1 9 3 8 , Volume 4 ,  pp 316  -  3 1 7 ) .

No name i s  g i v e n  f o r  a  r o c k  whose c o m p o s i t i o n  i s  i n t e r m e d i a t e  

b e tw e e n  t h o s e  o f  b i o t i t e  p y r o x e n i t e  and  b i o t i t e  u n c o m p a h g r i t e ,  and 

t h e  b o u n d a r i e s  b e tw e e n  t h e  two i s  p u t  where  s i g n i f i c a n t  q u a n t i t i e s  

o f  m e l i l i t e  b e g i n  t o  a p p e a r .  F o l l o w i n g  Ramsay (1921 i n  J o h a n n s e n  

1 9 3 8 , Volume 4 ,  pp 323 -  3 2 4 ) ,  t h e  name t u r j a i t e  i s  g i v e n  t o  any

r o c k  w h ich  c o n t a i n s  b o t h  n e p h e l i n e  and m e l i l i t e ,  e x c e p t  when one

o f  them i s  p r e s e n t  i n  v e r y  s m a l l  q u a n t i t i e s .  F o r  t h e  r o c k s  

i n t e r m e d i a t e  i n  c o m p o s i t i o n  b e tw e e n  b i o t i t e  p y r o x e n i t e  and u r t i t e ,  

t h e  u s a g e  o f  B r o g g e r  (1 9 21 )  i s  f o l l o w e d ;  i n  m e l t e i g i t e ,  t h e r e  i s  

l e s s  t h a n  30% n e p h e l i n e ,  i n  i j o l i t e  30% -  70%, and i n  u r t i t e  more 

t h a n  70%. None o f  t h e s e  r o c k  names c a r r i e s  any c o n n o t a t i o n  o f  

g r a i n s i z e  o r  t e x t u r e ,  b o t h  o f  w hich  a r e  v a r i a b l e .

B. THE PYROCLASTICS.

The e x t r u s i v e  f r a g m e n t a l  r o c k s  w hich  make up t h e  g r e a t e r
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p a r t  o f  Rangwa i t s e l f  a r e  c l a s s e d  a s  a g g l o m e r a t e s  and  t u f f s  

a c c o r d i n g  t o  t h e  p r e d o m i n a n t  s i z e  g r a d e  o f  t h e  f r a g m e n t s .

W i l l i a m s  and  W en tw o r th  (1 9 32 )  c l a s s i f i e d  p y r o c l a s t i c s  by s i z e  g r a d e  

i n t o  t u f f  (up t o  4 mm f r a g m e n t  s i z e ) ,  l a p i l l i  t u f f  (4 -  32  mm) and 

a g g l o m e r a t e  ( o v e r  32 mm). On Rangwa, t h e  te rm  " l a p i l l i  t u f f "  i s  

n o t  u s e d ,  b e c a u s e  o f  t h e  a m b i g u i t y  i t  would  c a u s e ,  a s  many o f  t h e  

t u f f s  c o n t a i n  a c c r e t i o n a r y  l a p i l l i ;  a l s o  i t  i s  i m p o s s i b l e  t o  u s e  

any s t r i c t l y  d e f i n e d  c l a s s i f i c a t i o n  s i n c e  t h e  f r a g m e n t  s i z e  w i t h i n  

one b e d  o r  b a n d  i s  o f t e n  v a r i a b l e ,  b u t  where  s u b - d i v i s i o n  i s  

m e a n i n g f u l ,  a  r o c k  whose a v e r a g e  f r a g m e n t  s i z e  i s  o v e r  4 mm i s  

c a l l e d  an  a g g l o m e r a t e ,  and  l e s s  t h a n  4 mm a  t u f f .  In  t h e  a g g l o m e r a t e s  

and t u f f s ,  t h e  f r a g m e n t s  t e n d ' t o  be  ro u n d e d  o r  s u b - a n g u l a r .

The g r o u p  names,  Lower A g g lo m e r a te ,  T u f f  Group and Upper 

A g g lo m e ra te  r e f e r  t o  d i v i s i o n s  w i t h i n  t h e  p y r o c l a s t i c s  i n  which  

t h e  p r e d o m i n a n t  s i z e  g r a d e  d i f f e r s ,  a l t h o u g h  b a n d s  o f  t u f f  s e n s u  

s t r i c t o  a r e  f r e q u e n t  w i t h i n  t h e  Lower A g g lo m e ra te .

The o b l a t e  s p h e r o i d s  t h a t  a r e  c h a r a c t e r i s t i c  o f  t h e  Banded 

T u f f  a r e  c a l l e d  " a c c r e t i o n a r y  l a p i l l i " ,  t h e  t e rm  u s e d  by Moore and 

P eck  ( 1 9 6 2 ) ;  t h e  t e r m  " p i s o l i t e s "  u s e d  f o r  s i m i l a r  s p h e r o i d s  from 

some o f  t h e  t u f f s  on R u s i n g a  and Mfwangano by W hitw o r th  (1933 and 

1 9 3 8 ) i s  d i s c a r d e d  b e c a u s e  i t  i s  a m b igu o us ,  s i n c e  p i s o l i t e s ,  l i k e  

o o l i t e s ,  a r e  n o r m a l l y  t h o u g h t  t o  b e  s p h e r o i d s  which  have grown 

by  c h e m i c a l  p r e c i p i t a t i o n  i n  a  c a l c a r e o u s  e n v i r o n m e n t .
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G. THE GARBQNATITES.

The name " c a r b o n a t i t e "  i s  o n l y  a p p l i e d  t o  r o c k s  i n  which  

t h e  c a r b o n a t e  i s  c o n s i d e r e d  t o  be t h e  o r i g i n a l  m i n e r a l  and n o t  t o  

t h o s e  t h a t  h a v e  b e e n  c a r b o n a t e d ;  t h e  t e r m  " m e t a c a r b o n a t i t e "  

p r o p o s e d  f o r  t h e  l a t t e r  by  Verwoerd ( I 9 6 6 ) i s  c o n s i d e r e d  to  be 

u n n e c e s s a r y  and  m i s l e a d i n g .  B r o g g e r ' s  d e f i n i t i o n s  " s o v i t e "  f o r  

c a r b o n a t i t e  f rom  l a r g e  m a s se s  w i t h  c a l c i t e  a s  i t s  m a jo r  c o n s t i t u e n t  

and  " a l v i k i t e "  f o r  i t s  h y p a b y s s a l  c o u n t e r p a r t  (1 9 2 1 ) ,  a r e  b o t h  

u s e d .  D o lo m i te  and  a n k e r i t e  do n o t  o c c u r  o f t e n  i n  t h e  c a r b o n a t i t e s  

on Rangwa, and  h a r d l y  e v e r  a s  t h e  p r i n c i p a l  c o n s t i t u e n t s ;  s o ,  

u n l e s s  o t h e r w i s e  s t a t e d ,  t h e  c a r b o n a t i t e s  r e f e r r e d  to  i n  t h i s  work 

c o n s i s t  m a i n l y  o f  c a l c i t e .

D. ALTERED GQUNTRY ROCK AI^D FELSPATHIG BREGGIA.

Most of the rocks considered in this section fall within 

the scope of Sutherland's definitions (I9 6 3), and some of these 
are used. However, the end products of the processes of alteration 

are so varied that it is, in general, misleading to use a 
stereotyped terminology with which to describe them. Unaltered but 
shattered country rock is termed "breccia", as are the rocks which 
are shattered in association with the central carbonatites; most 

of the latter are carbonated and felspathised, and some contain 

fragments of carbonatite; the only feature all the breccias have 
in common is that they contain angular fragments. The altered
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c o u n t r y  r o c k s  a r e  d e s c r i b e d  i n  t e r m s  o f  t h e  m i n e r a l  i n t r o d u c t i o n s  

and c h a n g e s  i n v o l v e d ;  so t h e r e  i s  no need  t o  d i f f e r e n t i a t e  

p r e c i s e l y  b e tw e e n  r o c k  t y p e s .  However, t h e  t e r m  " f e n i t e "  i s  u s e d  

f o r  r o c k s  i n t o  w h ic h  a e g i r i n e  and s o d i c  a m ph ibo le  have been  

i n t r o d u c e d  w i t h o u t  any  g r e a t  change  i n  t h e  o r i g i n a l  f e l s p a r s .  

" F e l s p a t h i c  f e n i t e "  r e f e r s  t o  r o c k s  w hich  have b e e n  a l t e r e d  so 

t h a t  t h e y  c o n t a i n  a p p r e c i a b l e  q u a n t i t i e s  o f  newly  formed p o t a s h  

f e l s p a r ,  i n  a d d i t i o n  t o  t h e  s o d i c  f e r r o m a g n e s i a n  m i n e r a l s  ( i t  i s  

n o t  c l e a r  f rom S u t h e r l a n d ' s  d e f i n i t i o n s  w h e t h e r  h e r  " f e l s p a t h i c  

f e n i t e "  c o n t a i n s  t h e  l a t t e r  o r  n o t ) .  The te rm  " f e l s p a r  r o c k "  i s  

u se d  t o  r e f e r  t o  r o c k s  t h a t  have b e e n  formed by a l t e r a t i o n ,  i n  

w hich  p o t a s h  f e l s p a r  p r e d o m i n a t e s ,  and which  c o n t a i n  l i t t l e  o r  no 

a e g i r i n e  o r  s o d i c  a m p h i b o l e .

E. THE LATE DYKES.

The p h o n o l i t e  t h a t  i s  found  i n  a  few dykes  i s  a  d i s t i n c t i v e  

r o c k  w h ic h  c o n fo rm s  c l o s e l y  t o  J o h a n n s e n ' s  d e s c r i p t i o n  o f  t h a t  r o c k  

(1938  pp 122 -  127  Volume 4 ) .

Most o f  t h e  l a t e  dyke r o c k s  have  b e e n  d e f i n e d  a s  l a m p r o p h y r e s ;

t h e y  a r e  m a f i c  r o c k s  o f  a  h i g h l y  p o r p h y r i t i c  n a t u r e ,  i n  which t h e

g ro un d m ass  h a s  b e e n  a lm o s t  e n t i r e l y  a l t e r e d .  They c o n t a i n  a  wide

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

t h r o u g h o u t  t h e  g r o u p .  The r o c k s  o f  t h i s  g ro u p  can  l e g i t i m a t e l y  be  

c l a s s i f i e d  a s  l a m p r o p h y r e s  on t h e  b a s i s  o f  any d e f i n i t i o n  a v a i l a b l e
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( f o r  exam ple  J o h a n n s e n  1939 ,  Volume 1 ,  p 262,  and  H atch ,  W e l ls  

and W e l l s  1 9 3 2 ,  pp 348 -  3 4 9 ) ,  a l t h o u g h  some o f  them can e q u a l l y  

c o r r e c t l y  (M cC al l  1938)  be  d e f i n e d  a s  n e p h e l i n i t e s .



PART I I .

THE GEOLOGY OF RANGWA.
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THE BASEMENT

A p a r t i a l  r i n g  o f  b a sem e n t  b e tw ee n  1 and 4 m i l e s  wide o c c u r s  

b e tw e e n  t h e  a l k a l i n e  r o c k s  and p y r o c l a s t i c s  o f  Rangwa and th e  

i n w a rd  f a c i n g  s c a r p s  o f  v o l c a n i c s  on Gembe, t h e  Gwassi  H i l l s  and  

t h e  i s l a n d s .  Much o f  t h i s  a r e a  i s  c o v e r e d  by t h i c k  a l l u v iu m ,  and 

t h e  b a s e m e n t  i s  i n t r u d e d  and  a l t e r e d  by  a l k a l i n e  p l u t o n i c s  i n  many 

p l a c e s .  ( F i g u r e  3 ) .

The b a s e m e n t  r o c k s  d e s c r i b e d  h e r e  a r e  a t  l e a s t  10 m i l e s  

from any o t h e r  e x p o s u r e  o f  b a s e m e n t .

1. THE DISTRIBUTION OF THE B A S m m T  ROCKE.

Most o f  t h e  ro u n d e d  h i l l s  t h a t  s u r r o u n d  Rangwa a r e  composed 

o f  g r a n i t e ,  and  t h e i r  a p p e a r a n c e  i s  r e m i n i s c e n t  o f  g r a n i t e  h i l l s  

e l s e w h e r e ;  t h e y  a r e  s t e e p  b u t  sm ooth ,  a nd ,  a l t h o u g h  t h e r e  i s  

l i t t l e  a c t u a l  e x p o s u r e ,  t h e  s o i l  c o v e r  i s  t h i n  and t h e  s u r f a c e  i s  

l i t t e r e d  w i t h  b o u l d e r s  t o  s u c h  an  e x t e n t  t h a t  t h e  v e g e t a t i o n  i s  

n o r m a l l y  s p a r s e .

Only two a r e a s  o f  e x p o s u r e  o f  n o n g r a n i t i c  basem ent  were 

f o u n d .  On t h e  r i d g e  o f  Kwiunga, 2 m i l e s  w e s t  o f  Rangwa, s e v e r a l  

n a r r o w  b a n d s  o f  s c h i s t ,  a m p h i b o l i t e  and q u a r t z i t e  o c c u r  which 

s t r i k e  w e s t - n o r t h - w e s t  e a s t - s o u t h - e a s t ,  and a r e  n e a r l y  v e r t i c a l .

A s e t  o f  s i m i l a r  b a n d s ,  i n c l u d i n g  one o f  banded  i r o n s t o n e ,  o u t c r o p



Plate 11. Exposure of unaltered granite on 
Takawiri.

Plate 12. ""Exposure of banded quartzite west of 
Rukungu.
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on t h e  r i d g e  t h a t  e n c i r c l e s  Rukungu, 2^  m i l e s  e a s t  o f  Rangwa.

Much o f  t h e  a r e a  of. su p p o s e d  basem en t  i s  c o v e re d  by 

a l l u v i u m  and  s o i l .  At a  d i s t a n c e  from Rangwa o f  be tw een  2 m i l e s  

i n  t h e  s o u t h  and  8 m i l e s  i n  t h e  n o r t h ,  o u t w a r d - d i p p i n g  n e p h e l i n i t e  

l a v a s  and  a g g l o m e r a t e s  o v e r l i e  t h e  b a se m e n t ;  t h i s  c o n t a c t ,  which  

i s  se ld o m  w e l l - e x p o s e d ,  o c c u r s  a t  h e i g h t s  v a r y i n g  from l a k e  l e v e l  

( 3 ,7 3 0  f t )  t o  3 , 5 0 0  f t .  The main  a r e a s  o f  o u t c r o p  o f  basement 

a r e  on t h e  B u k u l a - N y a m a r i s i r a  r i d g e .  Manga, t h e  rou n ded  h i l l s  be low  

th e  s c a r p s  o f  t h e  Gw ass i  H i l l s  and Gembe, and t h e  l o w - l y i n g  i s l a n d  

o f  T a k a w i r i .  I n w a r d s  from t h e s e ,  t h e  basem en t  i s  submerged i n  

a l l u v i u m  o r  c o v e r e d  by t h e  l a k e ,  and t h e r e  a r e  no o u t c r o p s  on t h e  

p l a i n s  t o  t h e  e a s t ,  n o r t h  and w e s t  o f  Rangwa.

On Manga, t h e  r i d g e  c o n n e c t i n g  U sengere  w i t h  Rangwa, basem ent  

ro c k s  a r e  e x p o s e d  c l o s e  t o  t h e  c e n t r a l  a l k a l i n e  p l u t o n i c s ,  and 

f e n i t i s e d  b a s e m e n t  o c c u r s  on t h e  w e s t e r n  p a r t s  o f  K i tu n d a  and 

E k i a g a r i a .  A p a r t  f rom t h e s e  e x p o s u r e s  and a  few s c a t t e r e d  b lo c k s  

of  h i g h l y  a l t e r e d  b a sem e n t  i n  t h e  t a l u s  s l o p e s  below t h e  Rangwa 

p y r o c l a s t i c s ,  t h e r e  i s  no i n d i c a t i o n  o f  t h e  p o s i t i o n  o f  th e  c o n t a c t  

be tw een  t h e  b a s e m e n t  and t h e  c e n t r a l  p l u t o n i c  complex.

The c o n t a c t s  b e tw e e n  t h e  b asem e n t  and t h e  numerous s m a l l  

o u t l y i n g  a r e a s  o f  a l k a l i n e  r o c k s  w i l l  be  d e s c r i b e d  i n  C hapte r  VI, 

and t h e  p a t t e r n  and  s i g n i f i c a n c e  o f  t h e  p o s i t i o n  o f  t h e  base o f  t h e  

l a v a  w i l l  be  d i s c u s s e d  i n  P a r t  3*
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2 . DESCRIPTION OF THE ROCK TYPES.

No d e t a i l e d  d e s c r i p t i o n  i s  a t t e m p t e d ,  s i n c e  t h e  im p o r ta n c e  

o f  t h e  b a s e m e n t  i n  t h i s  work i s  t h a t  i t  p r o v i d e s  t h e  m a t e r i a l  on 

which  t h e  a l t e r a t i o n  p r o c e s s e s  a s s o c i a t e d  w i th  t h e  i n t r u s i o n  o f  

th e  a l k a l i n e  p l u t o n i c s  o p e r a t e d .  The main t y p e s  o f  r o c k  exposed  

a ro u n d  Rangwa a r e  q u a r t z i t e ,  m ic a  s c h i s t ,  a m p h i b o l i t e ,  i r o n s t o n e  

and g r a n i t e .

A. QUARTZITE.

The q u a r t z i t e  i s  som et im es  p u r e ,  b u t  g e n e r a l l y  c o n t a i n s  

s m a l l  q u a n t i t i e s  o f  m i c r o c l i n e  and m u s c o v i t e .  The s i z e  o f  th e  

q u a r t z  g r a i n s  v a r i e s  b e tw e e n  .0 3  and 1 .3  mm, and t h e  d i f f e r e n t  

s i z e  g r a d e s  fo rm  b a n d s  w i t h  s h a r p  b o u n d a r i e s  b e tw een  them ( p l a t e  

12 and HFP 1 7 2 ,  p l a t e  1 3 ) .  Most o f  t h e  p l a t e s  o f  m u sc o v i te  f o l l o w  

the  b o u n d a r i e s .  The q u a r t z  fo rm s an  i r r e g u l a r  and i n t e r l o c k i n g  

mosaic  ( o f t e n  i n  l e n s e s  p a r a l l e l  t o  t h e  b a n d i n g ) ,  e s p e c i a l l y  when 

c o a r s e  g r a i n s  a r e  i n c l u d e d  i n  a  f i n e r  g rou n dm ass .  M i c r o c l in e  

c r y s t a l l i z e s  i n t e r s t i t i a l l y  t o  t h e  q u a r t z  g r a i n s .

B. MICA SCHIST.

The s c h i s t  i s  n e v e r  w e l l —e x p o se d ,  and i t  was im p o s s i b l e  t o  

o b t a i n  u n w e a t h e r e d  s p e c im e n s  o f  t h e  more m icaceous  r o c k s .  The 

amount o f  m ic a  v a r i e s  b e tw e e n  13% (RFP 170)  75% (2FP 173, p l a t e

l 4 ) ; i n  t h e  f o r m e r  c a s e  most  o f  t h e  m ica  i s  b i o t i t e ,  b u t  m u s c o v i t e



Plate 1 3 . Boundary between coarse-grained and 
fine-grained bands in quartzite (under crossed 
polarisera). (RPP172). x25

Plate 14. Mica schist. The main mineral iŝ  
muscovite. Several large crystals of biotite 
occur with a different orientation from the 
muscovite. The white bands are quartz crystals.
(EPPI7 3 ) .
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in the latter. The mica is always orientated, and a feature of 

RFP 173 is that the direction of orientation of the biotite is 
different from that of the muscovite.

The o t h e r  m ain  m i n e r a l  i n  t h e  s c h i s t  i s  q u a r t z ,  and l e s s e r  

am ounts  o f  m i c r o c l i n e ,  p l a g i o c l a s e ,  h o r n b l e n d e  a r e  common. P a t c h e s  

o f  brown o r e  a r e  p r e s e n t ,  b u t  t h e s e  a r e  p r o b a b l y  w e a t h e r i n g  

p r o d u c t s .

C. AMPHIBOLITE.

Amphibolites contain over 30% hornblende. The blue-green 

variety, similar to the hornblende of the granite, occurs in 

quarta-rich amphibolites (RF 333), but in purer sorts that contain 

over 83% hornblende (RF 334, plate 13), the pleochroism is;- 
Z -  dark green, Y -  olive, X -  pale yellow green. The hornblende 

forms subhedral orientated crystals, which give the rock a schistose 

appearance in hand specimen.
Q u a r t z  and  u n tw in n e d  zoned  p l a g i o c l a s e  occupy  th e  s p a c e s  

b e tw e e n  t h e  h o r n b l e n d e  c r y s t a l s .

Most o f  t h e  a m p h i b o l i t e  o c c u r s  u n a l t e r e d  on Bulcula, w es t  o f  

Rangwa, b u t  s m a l l  am ounts  o f  t h e  q u a r t z - r i c h  t y p e  were found a t  

s e v e r a l  l o c a l i t i e s  e a s t  and  n o r t h  o f  Rangwa. B e in g  p r e d o m i n a n t l y  

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

and  e x p o s u r e s  s o u t h  o f  G ingo  and w e s t  o f  Rukungu were mapped a s  

s u c h ;  t h i n  s e c t i o n  e v i d e n c e ,  how ever ,  shows t h a t  t h e s e  a r e  o n l y



Plate 1 5 . Amph-ibolite. The pale material is quartz. 
Most of the hornblende is showing maximum absorption 
(RP334). x80.

'

■i V

i-

Plate 1 6 . Chalcedony vein in the Banded Ironstone 
(under crossed polarisers). (RF268). xl55*
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s l i g h t l y  a l t e r e d  a m p h i b o l i t e .

D. BANDED IRONSTONE.

The i r o n s t o n e  h a s  w e l l - d e f i n e d  r e g u l a r  b a n d s ,  which  a r e  

a b o u t  3 mm t h i c k ,  and  a r e  h i g h l y  f o l d e d  (HFP l l 4 ) .  Much o f  t h e  

r o c k  c o n s i s t s  o f  r o u n d e d  g r a i n s  o f  opaque b l a c k  o r e ,  and t h e s e  

a r e  g r a d e d  w i t h i n  e a c h  band ;  t h e i r  s i z e  v a r i e s  from .0 3  t o  . 3  mm, 

and  t h e  c o a r s e r  p a r t s  o f  t h e  b a n d s  a r e  r i c h e r  i n  o r e .  There  i s  

no s h a r p  b o u n d a r y  b e tw e e n  b a n d s .

The o r e  i s  i n  a  g roundm ass  o f  l a r g e r  i r r e g u l a r  q u a r t z  

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

h i g h  r e l i e f  o c c u r  s p o r a d i c a l l y .

In  one sp e c im e n  from n e a r  t h e  Rukungu v e n t  (NF 268, p l a t e  l 6 ) ,  

t h e  i r o n s t o n e  i s  c u t  by  s m a l l  v e i n s  o f  c h a l c e d o n y  and e u h e d r a l  

q u a r t z ,  w h ic h  c a u s e  m ino r  d i s l o c a t i o n .  The o n l y  o t h e r  o c c u r r e n c e  

o f  e u h e d r a l  q u a r t z  i s  w i t h i n  t h e  Kinyamungu C a r b o n a t i t e ,  and i t  i s  

n o t  known w h e t h e r  t h e  v e i n s  o f  i t  i n  t h e  i r o n s t o n e  a r e  f e a t u r e s  

from b e f o r e  t h e  i g n e o u s  a c t i v i t y  o r  have  a  s i m i l a r  l a t e  s t a g e  

o r i g i n  t o  t h e  q u a r t z  i n  t h e  c a r b o n a t i t e .

E. GRANITE.

The g r a n i t e  may be b a n d ed  o r  m a s s i v e ,  and i s  medium o r  c o a r s e  

g r a i n e d .  P o r p h y r i t i c  v a r i e t i e s  w ere  se ldom  found .  I t  w e a t h e r s  

p a l e  r e d ,  b u t  w e a t h e r i n g  i s  n o t  deep  e x c e p t  when c l o s e  t o  a l k a l i n e  

i n t r u s i v e s .  The n o rm a l  m i n e r a l s  i n  i t  a r e  q u a r t z ,  m i c r o c l i n e  and
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o l i g o c l a s e ,  w i t h  a c c e s s o r y  m u s c o v i t e ,  b i o t i t e  o r  h o r n b l e n d e .

G r a n i t e  s o m e t im e s  c o n t a m i n a t e s  t h e  s c h i s t  and a m p h i b o l i t e .

Q u a r t z  fo rm s  i r r e g u l a r  s e g r e g a t i o n s  and zo n es  which  may 

compose a t  l e a s t  o f  t h e  g r a n i t e  (RF 338 ,  p l a t e  1 7 ) ,  and t h e  

n o rm a l  g r a i n  s i z e  i s  a b o u t  5 mm. The c r y s t a l s  a r e  a n h e d r a l ,  a n d ,  

e s p e c i a l l y  i n  t h e  b a n d e d  g r a n i t e ,  t h e  s e g r e g a t i o n s  a r e  s t r e a k e d  

o u t ,  and  t h e  q u a r t z  i s  v e r y  s t r a i n e d  and s h a t t e r e d .  Groups o f  

r o u n d e d  i n c l u s i o n s  o f  q u a r t z  w i t h  s i m i l a r  o r i e n t a t i o n  may be 

i n c l u d e d  i n  t h e  m i c r o c l i n e  (RFP 73 ,  p l a t e s  l 8 and 1 9 ) .

M i c r o c l i n e  o c c u r s  a s  c l e a r ,  u n a l t e r e d  c r y s t a l s ,  w hich  may 

be 2 cm a c r o s s ,  and compose up to  h a l f  t h e  r o c k .  I t  shows 

p o l y s y n t h e t i c  t w i n n i n g  on t h e  a l b i t e  and p e r i c l i n e  l a w s ,  and s i n g l e  

l a r g e  c r y s t a l s  p e n e t r a t e  and  e n c l o s e  a l l  t h e  o t h e r  m i n e r a l s ,  th o u g h  

t h i s  r e l a t i o n s h i p  may be r e v e r s e d  w i t h  p l a g i o c l a s e  ( p l a t e s  2 0 , 21 

and  22 show r e l a t i o n s  b e tw e e n  t h e  f e l s p a r s ) .

The m ost  common p l a g i o c l a s e  i n  t h e  g r a n i t e  i s  o l i g o c l a s e  

w i t h  a  c o m p o s i t i o n  v a r y i n g  b e tw e e n  An^^ and An^^. Very f i n e  

p o l y s y n t h e t i c  t w i n n i n g  on t h e  a l b i t e  law  i s  common (RF 3^2 ,  p l a t e  

2 3 ) ;  h o w e v e r ,  t h e  o l i g o c l a s e  i s  g e n e r a l l y  s e r i c i t i s e d  ( p l a t e  2 4 ) ,  

e s p e c i a l l y  i n  t h e  m id d l e  o f  t h e  c r y s t a l s ,  so  t h a t  t h e  t w i n n in g  i s  

o f t e n  o b s c u r e d .  The m a r g i n s  a r e  c l e a r  and more a l b i t i c .  U s u a l l y ,  

o l i g o c l a s e  fo rm s  s m a l l  p l a t e s ,  t h o u g h  i t  may o c c u r  a s  a n h e d r a l  

c r y s t a l s  o f  s i m i l a r  h a b i t  t o  t h e  m i c r o c l i n e ,  i n  w h ich  c a s e  i t  

e n c l o s e s  i r r e g u l a r  s t r e a k s  o f  m i c r o c l i n e  and may be  a n t i p e r t h i t i c .



Plate 1 7 . Quartz segregation in granite (under 
crossed polarisers). (RP338). x25.

Plate 1 8 . Quartz included in microcline in the
granite (under crossed polarisers). (RFP75) x53



Plate 1 9 . Quartz included in microcline in the
granite (under crossed polarisers). (RFP73). xl35.

Plate 20. Perthite in the granite. The grey,
untwinned felspar is oligoclase (under crossed polarisers)
(RF335). x2 5 .



Plate 21. Perthitic intergrowth between microcline 
and oligoclase in unaltered granite (under crossed 
polarisers). (RPPIO). xl33.

Plate 22. Perthitic intergrowth between microcline 
and oligoclase in unaltered granite (under crossed 
polarisers). (RPPIO). xl55*



Plate 2 3 . Twinned oligoclase in granite (under 
crossed polarisers). (RP342) x80.

Plate 24. Sericitised oligoclase with unsericitised, 
albitic border in granite (under crossed polarisers).
(:RFP37). XI5 5 .
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The microcline is occasionally perthitic.

These features and relationships between quartz and the 

felspars may persist into the fenitised and felspathised counter

parts of the granite, and it is important to realise that all of 

them, in particular sericitisation and the inclusion of rounded 

patches of quartz in felspar, are original features.

Hornblende, which is not an essential mineral, but may 

account for 3% of the rock is pleochroic:- Z - blue green,

Y - green and X - pale yellow green, and forms small subhedral 

crystals which have parallel orientations in the banded granite. 

Biotite and muscovite are more prominent in the banded granite, 

where they tend to occur together; biotite may overgrow quartz 

(RF 3 3 8 ). Much of the granite does not contain any mafic minerals 

(RF 337, RFP 73 etc).

3 . GENERAL REMARKS.
McCall ( 1 9 3 8 , p 20 - 2 3 ) considers that the metamorphic 

rocks exposed round Rangwa are ”interfolded members of the Nyanzian 

and Kavirondian Systems", and that the granite was emplaced during 

the post-Kavirondian orogeny, along with the Nyagongo, Muhoro and 

Angugo granites to the south and south east, with which it is 

petrographically similar. Apart from stating that this must be a 

considerable simplification of a complicated metamorphic history, 
it would be presumptuous to fault or enlarge upon McCall's
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i n t e r p r e t a t i o n  o f  t h e  b a sem e n t  r o c k s .

F r e q u e n t  r e f e r e n c e  w i l l  be  made to  them t h r o u g h o u t  t h i s  

w ork .  T h e i r  c o m p o s i t i o n s  and t e x t u r e s  a r e  r e l e v a n t  when t h o s e  

o f  t h e  f e n i t e s  and  f e l s p a r  r o c k s  a r e  c o n s i d e r e d  and many 

r e c o g n i z a b l e  f r a g m e n t s  o f  b a se m e n t  o c c u r  i n  t h e  a g g lo m e r a t e s  on 

Rangwa and  Rulcungu, and  i n  t h e  s e d i m e n t a r y  v o l c a n i c  s e q u e n c e s  on 

R u s in g a  and  Mfwangano.
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THE EARLY PLUTONIC ROCKS

S i n c e  t h e  a p p r o a c h  t o  t h e  g e o lo g y  o f  Rangwa i n  t h e  p r e s e n t

work i s  l a r g e l y  h i s t o r i c a l ,  and  age  r e l a t i o n s  can  g e n e r a l l y  be 

e s t a b l i s h e d ,  t h e  r o c k s  a r e  n o r m a l l y  l i s t e d  and d e s c r i b e d  i n  t h e i r

o r d e r  o f  e m p la c e m e n t .  The r e l a t i v e  a g e s  o f  t h e  a l k a l i n e  p l u t o n i c

r o c k s  a r e  n o t  a lw a y s  c l e a r ;  t h e y  a r e  t h e r e f o r e  p l a c e d  i n  two g r o u p s  

d e p e n d in g  on t h e i r  r e l a t i o n s ,  p r o v e d  o r  i n f e r r e d ,  w i t h  t h e  c e n t r a l  

p y r o c l a s t i c s  an d  c a r b o n a t i t e s  on Rangwa.

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

i j o l i t e  com plex  t o  t h e  s o u t h  e a s t  o f  Rangwa, a s  w e l l  a s  many s m a l l e r  

o u t l y i n g  i n t r u s i o n s ,  t h e  l a r g e s t  o f  w h ich  a r e  t h e  Sagurume i j o l i t e , ' 

t h e  c a r b o n a t i t e  on Kialco ( F i g u r e  3 ) ,  and t h e  Rukungu a g g lo m e r a t e  v e n t  

( t h o u g h  p a r t l y  e x t r u s i v e ,  t h e  v e n t  i s  p a r t  o f  t h e  r i n g  formed by 

t h e  o u t l y i n g  i n t r u s i v e s ) .  A re a s  o f  b r e c c i a t e d ,  f e n i t i s e d  and 

f e l s p a t h i s e d  c o u n t r y  r o c k  a r e  commonly, t h o u g h  n o t  i n v a r i a b l y ,  

a s s o c i a t e d  w i t h  t h e  p l u t o n i c s .

The s e c o n d  g r o u p ,  d e s c r i b e d  i n  C h a p te r  IX, c o n s i s t s  e n t i r e l y  

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

on Rangwa and  t h e  p e r i p h e r a l  v o l c a n i c s  a s  w e l l  a s  t h e  a l k a l i n e  

p l u t o n i c s  a n d  b a s e m e n t .

1- DISTRIBUTION.

On t h e  b a s i s  o f  t h e i r  o u t c r o p  p a t t e r n  t h e  e a r l y  a l k a l i n e
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Z le  c e n t r a l  conol*^-^ I s  c o m p o sed  m a i n l y  o f  m e l a l z t e - a i i i '  

n e o l e l i n e - b e a r i n g  r o c l c s ,  w h i c h  o c c u p y  a  c r e s c e n t i c  a r e a  t o  t h e  

s o u th  e a s t  ox jc&anrwa Cjrigixre p  a n d  pl<cL<.»e i i^ s  g ^ c a ^ e s t  w id t* i

i s  t h r e e  q u a r t e r s  ox a  m i l e ,  a n d  i t s  l e n g t h  i s  two : x i l e s .  The 

i n n e r  b o u n d a ry  i s  m a r k e d  h j  t h e  b r e a k  i n  s l o p e  a t  t h e  e d g e  o f  t h e  

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

a l l u v iu m ,  fo rm s  a  l a r g e  a r c  t o  t h e  n o r t h  w e s t  o f  t h e  d r y  g u l l e y  o f  

Ikoyombe. On t h e  o u t e r  s l o p e s  o f  l i a n p a ,  l i t u n d a  a n d  S k i a g a r i a ,  

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

b asem en t .  The w h o le  a r e a  s l o p e s  away f ro m  Rangwa a t  a  l o w e r  a n g l e  

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

ends o u t c r o p s  a r e  o b s c u r e d  b e n e a t h  t a l u s  a n d  s o i l .

The t o p o g r a p h i c  f e a t u r e s  a t  t h e  o u t e r  e d g e s  o f  t h e  c o m p le x  

nari i  c h an g e s  i n  t h e  p r e d o m i n a n t  r o c k  t y p e .  The m a in  o u t w a r d - s l o p i n g  

mass c o n s i s t s  p r e d o mi n a n t l y  o f  u n c o m p a h g r i t e  a n d  t u r j a i t e , w h e r e a s  

t h e  t h r e e  m a r g i n a l  h i l l s ,  l l a n g a ,  K i t u n d a  a n d  S k i a g a r i a ,  h a v e  s t e e p  

i n w a r d - f a c i n g  s l o p e s  o f  i j o l i t e .  The g r a d a t i o n a l  b o u n d a r y  d i p s  

o u tw a rd s ,  a n d ,  on  I lai iga ,  i j o l i t e  c a n  b e  s e e n  t o  o v e r l i e  m e l i l i t e -  

b e a r i n g  r o c k s .  At t h e  n o r t h  o f  t h e  a r e a ,  a  n a r r o w  s l o p i n g  b a n d  o f
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i j o l i t e  o u t c r o p s  a g a i n s t  t h e  u n c o m p a h g r i t e .  The i j o l i t e  a p p e a r s  t o  

c o v e r  t h e  u n c o m p a h g r i t e  l i k e  a  p a r t i a l  s k i n ,  which  i s  b e in g  p e a l e d  

o f f  by  e r o s i o n .

F e n i t e  o u t c r o p s  f o r  a t  l e a s t  a  h u n d re d  y a r d s  o u t s i d e  t h e  

i j o l i t e ,  and  l o o s e  b l o c k s  o f  f e n i t e  were  found a t  s e v e r a l  p l a c e s  

among t h e  t a l u s  s l o p e s  ro u n d  Rangwa, n o t a b l y  n e a r  N y a n d ig id a ,  t o  

t h e  n o r t h  e a s t  o f  Rangwa, and  i n  t h e  w e s t .  I n  t h e  n o r t h ,  n e a r  t h e  

t r a c k  from S in d o  t o  Roo, t h e r e  i s  a  v e r y  w e a th e re d  e x p o su re  o f  f e n i t e ,  

c a r b o n a t i t e  and  an  a l t e r e d  r o c k  which  c o n t a i n s  m a g n e t i t e  and p e r o v s l c i t e  

and  may have  b e e n  e i t h e r  p y r o x e n i t e  o r  u n c o m p a h g r i t e .

B. THE OUTER RING OF PLUTONICS.

N e a r l y  a l l  t h e  o t h e r  a l l c a l i n e  p l u t o n i c s  a r e  p a r t  o f  a
<

d i s c o n t i n u o u s  r i n g ,  w hich  o c c u r s  b e tw ee n  1-y and f i v e  m i l e s  o u t  from 

Rangwa, and may w e l l  be  p a r t l y  h i d d e n  by t h e  v o l c a n i c s .  U s u a l l y  

t h e  r o c k s  o u t c r o p  on t h e  ba sem e n t  h i l l s .

S t a r t i n g  i n  t h e  n o r t h  ( F i g u r e  3 ) ,  and  moving rou n d  Rangwa i n  

a  c l o c k w i s e  d i r e c t i o n ,  t h e  f o l l o w i n g  o c c u r r e n c e s  o f  a l l c a l i n e  p l u t o n i c  

r o c k s  and s h a t t e r e d  o r  a l t e r e d  b asem e n t  were  fo u n d .

The two s m a l l  i s l a n d s  o f  Mbass a ,  f i v e  m i l e s  n o r t h  o f  Rangwa 

a r e  composed o f  s h a t t e r e d  and a l t e r e d  basem e n t  w i t h o u t  any p l u t o n i c s .

A b and  o f  s l i g h t l y  f e n i t i s e d  a m p h i b o l i t e  o u t c r o p s  i n  t h e  g u l l e y  t o  

t h e  e a s t  o f  Gingo ( p l a t e  3 7 ) ,  and s e v e r a l  s m a l l  b l o c k s  o f  

c a r b o n a t i t e  were  c o l l e c t e d  n e a r b y .  Much o f  t h e  c o u n t r y  r o c k  i s
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b r e c c i a t e d  s o u t h  o f  t h e  g u l l e y .  Sagurum e,  two m i l e s  n o r t h  o f  Rangwa, 

c o n s i s t s  o f  i j o l i t e  i n  t h e  s o u t h  and f e n i t e  i n  t h e  n o r t h ;  t h e  

o u t e r  b o u n d a ry  i s  r o u g h l y  c o n c e n t r i c  v f i th  t h e  edge  o f  Rangwa, and  

t h e  p o s i t i o n  o f  t h e  i n n e r  b o u n d a ry  i s  n o t  known. The f e n i t e  

o u t c r o p p i n g  a l o n g  t h e  t a l u s  s l o p e s  n o r t h  o f  Rangwa i n d i c a t e s  t h a t  

t h i s  i j o l i t e  i s  n o t  c o n n e c t e d  w i t h  t h e  c e n t r a l  p l u t o n i c  complex  a t  

t h e  s u r f a c e .  S e v e r a l  c a r b o n a t i t e  d y k e s ,  a s  w e l l  a s  z o n es  o f  

a l t e r e d  b a sem e n t  o c c u r  on t h e  h i l l s  b e lo w  Gembe.

T h ree  m i l e s  w es t  o f  Rangwa, t h e  s m a l l  and p o o r l y  e x p o se d  

p y r o c l a s t i c  v e n t  o f  Rukungu o c c u p i e s  a  wooded h o l lo w  200 y a r d s  a c r o s s ,  

where  a g g l o m e r a t e  and  be d d ed  t u f f  a r e  e x p o sed  s u r r o u n d e d  by 

b a sem e n t  w hich  i s  u n a l t e r e d  e x c e p t  f o r  s h a t t e r i n g  and v e i n i n g  v e r y  

c l o s e  to  t h e  v e n t ,  and a  n a r ro w  zone o f  a l t e r a t i o n  t o  t h e  w e s t  o f  i t .  

The basem ent  i s  b r e c c i a t e d  and a l t e r e d  a t  s e v e r a l  l o c a l i t i e s  s o u t h  

e a s t  o f  Rangwa.

On Kialxo, two m i l e s  s o u t h  w e s t  o f  Rangwa and c l o s e  t o  t h e  

c o n t a c t  b e tw e e n  t h e  basem en t  and v o l c a n i c s ,  an i r r e g u l a r  p a t c h  o f  

c a r b o n a t i t e  i s  s u r r o u n d e d  by an e x t e n s i v e  a r e a  o f  f e n i t e  and f e l s p a r  

r o c k .  A n o th e r  l a r g e  a r e a  o f  a l t e r e d  b a sem e n t  o u t c r o p s  b e tw e e n  

Kiawindo and t h e  main B u k u l a - R y a m a r i s i r a  r i d g e ,  un acco m p an ied  by 

c a r b o n a t i t e .  C a r b o n a t i t e  o c c u r s  i n  s e v e r a l  p l a c e s  on Kwiunga, and 

t h e  b asem e n t  i s  s h a t t e r e d  a l o n g  t h e  l i n e s  o f  two l a r g e  g u l l e y s  b e tw e e n  

Bulxula and  Ragwe.

Many o f  t h e s e  o u t c r o p s ,  e s p e c i a l l y  t h e  o n e s  a t  K i a k o , a r e  c l o s e
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t o  t h e  n e p h e l i n i t e  l a v a  and  a g g l o m e r a t e  c o v e r .

2 .  DESCRIPTION OF THE ROCK TYPES.

The main g r o u p s  o f  r o c k s  a r e  d e s c r i b e d  u n d e r  t h e s e  h e a d i n g s : -

1 .  The b i o t i t e  p y r o x e n i t e  -  b i o t i t e  u n c o m p a h g r i t e  -  i j o l i t e

g r o u p .

2. C a r b o n a t i t e .

3 .  N e p h e l i n e  s y e n i t e .

4 .  Rukungu a g g l o m e r a t e .

3 .  The b r e c c i a t e d  and a l t e r e d  c o u n t r y  r o c k  a s s o c i a t e d  w i t h  

t h e  i n t r u s i v e s .

A. THE BIOTITE PYROXENITE -  BIOTITE UNCOMPAHGRITE -  IJOLITE 
GROUP.

The r o c k s  i n  t h i s  s e r i e s  a r e  i n t i m a t e l y  r e l a t e d  i n  t h e i r  

f i e l d  r e l a t i o n s ,  m i n e r a l o g y  and c h e m i s t r y .  Only u r t i t e ,  i j o l i t e  and  

m e l t e i g i t e  o c c u r  on Sagurum e,  b u t  a t  t h e  c e n t r a l  complex b o t h  

u n c o m p a h g r i t e  c o n t a i n i n g  v a r y i n g  amounts  o f  p y ro x e n e  and members o f  

t h e  i j o l i t e  s e r i e s  a r e  p r e s e n t  a s  w e l l  a s  t u r j a i t e  ( F i g u r e  6 ) .  The 

o n ly  o c c u r r e n c e s  o f  t r u e  b i o t i t e  p y r o x e n i t e  w i t h o u t  e i t h e r  m e l i l i t e  

o r  n e p h e l i n e  a r e  a s  f r a g m e n t s  i n  t h e  a g g l o m e r a t e  on Rangwa. E x c e p t  

f o r  some v a r i e t i e s  o f  u n c o m p a h g r i t e ,  vhiich a r e  v e r y  r i c h  i n  m a g n e t i t e ,  

p e r o v s k i t e  and b i o t i t e ,  a l l  t h e  r o c k s  c o n t a i n  o v e r  80% o f  p y r o x e n e ,  

m e l i l i t e  o r  n e p h e l i n e  o r  m i x t u r e s  o f  two o f  t h e s e  c o n s t i t u e n t s .

Thus on a  t r i a n g u l a r  d i a g r a m ,  t h e  c o r n e r s  o f  which  r e p r e s e n t  t h e
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t h r e e  m ain  m i n e r a l s ,  t h e  modal  c o m p o s i t i o n s  o f  t h e  r o c k s  p l o t  c l o s e  

t o  t h e  s i d e s  ( F i g u r e s  6 and  7 ) .  S i n c e  t h e r e  i s  c o n t i n u o u s  v a r i a t i o n  

i n  c o m p o s i t i o n  and c o n s i d e r a b l e  i n h o m o g e n e i t y  o f  g r a i n  s i z e  and 

c o m p o s i t i o n  b o t h  o v e r  s h o r t  d i s t a n c e s  i n  t h e  f i e l d  and w i t h i n  

i n d i v i d u a l  t h i n  s e c t i o n s ,  d e t a i l e d  p é t r o g r a p h i e  d e s c r i p t i o n s  a l o n e  

do n o t  g i v e  a  t r u e  p i c t u r e  o f  t h e  s e r i e s .  Only b r i e f  d e s c r i p t i o n s  

o f  r e p r e s e n t a t i v e  s a m p le s  o f  b i o t i t e  p y r o x e n i t e ,  b i o t i t e  u n c o m p a h g r i t e  

and i j o l i t e  a r e  t h e r e f o r e  g i v e n ,  and  more a t t e n t i o n  i s  p a i d  t o  t h e  

r e l a t i o n s  among t h e  r o c k  t y p e s  and among i n d i v i d u a l  m i n e r a l s ,  b o t h  

o f  w h ich  conform  t o  c o n s i s t e n t  p a t t e r n s .

(1 )  i^KPkESENTATIVS DESCRIPTIONS.

(a )  BIOTITE PYHOXEhlTE.

Tivo exam ple s  o f  c o m p a r a t i v e l y  u n a l t e r e d  b i o t i t e  p y r o x e n i t e  

( i n  RF 22)  were fo un d  a s  f r a g m e n t s  i n  t h e  Lower A g g lo m e ra te ,  and 

r o c k s  t h a t  a r e  s i m i l a r  e x c e p t  t h a t  t h e y  c o n t a i n  m e l i l i t e  o c c u r  w i t h i n  

t h e  u n c o m p a h g r i t e  on Kumugina. In  hand sp e c im e n ,  t h e  p y r o x e n i t e  i s  

d a rk  g r e e n  w i t h  i r r e g u l a r  b l a c k  s t r e a l c s . The g roundm ass  o f  t h e  r o c k  

c o n s i s t s  o f  m e d iu m -g r a in e d  a n h e d r a l  d i o p s i d e ;  i t  i s  u n zo n ed ,  b u t  

c lo u d y ,  p r o b a b l y  b e c a u s e  o f  i n c i p i e n t  a l t e r a t i o n .  S m a l l  p l a t e s  o f  

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

i n  t h e  b l a c k  s t r e a l i s ,  w here  t h e y  o c c u r  w i t h  a n h e d r a l  c r y s t a l s  o f  

m a g n e t i t e  r immed by p e r o v s k i t e  and  a  few w e l l - f o r m e d  c r y s t a l s  o f  

p e r o v s k i t e .  B i o t i t e  e n v e l o p e s  t h e  m a g n e t i t e  and  p e r o v s k i t e ,  and  p a l e
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brown m e l a n i t e  i s  so m e t im es  a s s o c i a t e d .  S m a l l  ro u n d e d  and i r r e g u l a r  

c r y s t a l s  o f  a p a t i t e  o c c u r  t h r o u g h o u t .

(b )  BIOTITE UNCQMPAH3RITE.

The b i o t i t e  u n c o m p a h g r i t e  i s  b a n d e d  b o t h  by g r a i n - s i z e  and 

c o m p o s i t i o n ;  i t  i s  n o r m a l l y  c o a r s e  o r  v e r y  c o a r s e ,  and i s  composed 

o f  up t o  85% m e l i l i t e ,  w h ich  i s  c r e a m - c o l o u r e d  on w e a t h e r e d  s u r f a c e s ,  

and c u t  oy m in u te  c l e a v a g e  c r a c k s .  Bands c o n t a i n i n g  b i o t i t e ,  

p e r o v s k i t e  and  m a g n e t i t e  a r e  a lw ay s  p r e s e n t ,  and  l a r g e  books  o f  

b i o t i t e  up t o  4 cm a c r o s s  a r e  e s p e c i a l l y  p r o m in e n t  i n  t h e  f i e l d  

( p l a t e  2 5 ) .  P y ro x e n e  so m e t im es  o c c u r s  w i t h i n  t h e  m e l i l i t e  a s  g r e e n ,  

e l o n g a t e d  c r y s t a l s .  I f  t h e r e  a r e  l a r g e  q u a n t i t i e s  o f  n e p h e l i n e  w i t h  

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

t h a n  c r e a m - c o l o u r e d ,  a l t h o u g h  s m a l l  amounts  o f  n e p h e l i n e  a r e  h a r d  

t o  r e c o g n i z e  i n  hand s p e c im e n .

In  t h i n  s e c t i o n ,  i t  can  be  s e e n  t h a t  t h e  b i o t i t e ,  p e r o v s k i t e  

and m a g n e t i t e  b e a r  much t h e  same r e l a t i o n  t o  one a n o t h e r  as  i n  t h e  

b i o t i t e  p y r o x e n i t e .  M e l i l i t e  forms v e r y  l a r g e  d i s s e c t e d  p l a t e s ,  

and i s  s p r i n k l e d  w i t h  s m a l l  ro u n d e d  a p a t i t e  c r y s t a l s .

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

s i m i l a r  b u t  t h e  r o c k  i s  p r e d o m i n a n t l y  b l a c k  i n  hand sp e c im en .

( c )  IJOLITE.

L ik e  t h e  b i o t i t e  u n c o m p a h g r i t e ,  t h e  i j o l i t e  i s  b a n d ed ,  a l t h o u g h  

w i t h  l e s s  r e g u l a r i t y .  A p a r t  f rom t h e  m a r g i n a l  f a c i e s  o f  t h e  c e n t r a l



Plate 2 5 . Exposure of coarse-grained biotite 
uneompahgrite on Kumugina. The black spots 
are flakes of biotite.

Plate 26. Typical texture of the fine-grained 
banded ijolite and melteigite. White is 
nepheline, grey is pyroxene and black melanite
( R P ^ 2 2 3 ) .  x 5 5 .
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com plex  i t  i s  g e n e r a l l y  c o a r s e - g r a i n e d ,  and  n e p h e l i n e ,  t h e  main 

c o n s t i t u e n t ,  i s  p i n k  on w e a t h e r e d  s u r f a c e s .  The b a n d s  o f  d a r k  

m a t e r i a l  c o n s i s t  m a i n l y  o f  l a r g e  c r y s t a l s  o f  p y ro x e n e  and m e l a n i t e ;  

t h e  l a t t e r  i s  b l a c k  and shows a g l i t t e r i n g  s u r f a c e  when f r a c t u r e d .

The n e p h e l i n e  c r y s t a l s  a r e  l a r g e  and s u b h e d r a l ,  b u t  t h e  

p y r o x e n e s  a r e  v e r y  v a r i a b l e  i n  s i z e .  M e l a n i t e  fo rm s i r r e g u l a r  

p a t c h e s ,  g e n e r a l l y  c l o s e  t o  t h e  p y r o x e n e s ,  and som etim es  e n c l o s i n g  

c o r r o d e d  g r a i n s  o f  p e r o v s k i t e .  Sphene  and v / o l l a s t o n i t e  may o c c u r  

w i t h i n  t h e  n e p h e l i n e ,  and  a p a t i t e  i n  e u h e d r a l  g r a i n s  i s  an  u b i q u i t o u s  

c o n s t i t u e n t  o f  t h e  i j o l i t e s .

(2 )  RELATIONS BEWEEN THE ROCK TYPES.

F i e l d  work h a s  shown t h a t  t h e  c e n t r a l  p l u t o n i c  complex can  

be  s u b d i v i d e d  i n t o  a  number o f  c o n c e n t r i c  z o n es  ( F i g u r e  1 0 ) ,  t h e  

b o u n d a r i e s  o f  which  a r e  g r a d a t i o n a l  and  depend  on v a r i a t i o n s  i n  

p r e d o m i n a n t  r o c k  t y p e ,  s t r u c t u r e  and t h e  p r e s e n c e  o f  m inor  i n t r u s i o n s

1 .  I m m e d ia t e ly  w i t h i n  t h e  f e n i t e ,  f i n e - g r a i n e d  i j o l i t e  and  

m e l t e i g i t e ,  w i t h  s t e e p  o u t w a r d - d i p p i n g  c o m p o s i t i o n a l  b a n d in g ,  o c c u r  ; 

t h i s  zone  i s  o n l y  r e p r e s e n t e d  by a  few e x p o s u r e s  on t o p  o f  Manga, 

K i t u n d a  and E k i a g a r i a .

2 .  I n w a r d s ,  t h e  i j o l i t e  becomes c o a r s e r ,  and  i n  t h e  h o l lo w s  

b e tw e e n  t h e  o u t l y i n g  h i l l s  and  t h e  main complex ,  t u r j a i t e  o c c u r s ,  

t o g e t h e r  w i t h  u n c o m p a h g r i t e  which  c o n t a i n s  many n e e d l e - l i k e  p y r o x e n e  

c r y s t a l s ,  a s  w e l l  a s  a  l i t t l e  b i o t i t e .  The i j o l i t e  and t u r j a i t e  have
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i r r e g u l a r  s c h l i e r e n  o f  d a r k  m i n e r a l s  w i t h  v a r i a b l e  o r i e n t a t i o n  and 

a r e  i n t r u d e d  by m e l t e i g i t e  and  m e l a n i t e  i j o l i t e  c o n e s h e e t s  t h a t  a r e  

up t o  2 f t .  t h i c k  and have  in w a rd  d i p s  o f  b e tw e e n  20^ and 4fp° and  

a r e  c u t  by r a d i a l  dyk es  o f  c o a r s e  p e g m a t i t i c  i j o l i t e  and u r t i t e  

( p l a t e s  27 and  2 8 , 31  and  3 2 ) .

3 .  Towards Kumugina, t h e  amount o f  n e p h e l i n e  i n  t h e  t u r j a i t e  

d e c r e a s e s ,  and  t h e  m ain  r o c k  t y p e  i s  p y r o x e n e - r i c h  u n c o m p a h g r i t e ,  w i t h  

i n w a r d - d i p p i n g  c o m p o s i t i o n a l  b a n d in g  b e tw e e n  t y p e s  r i c h  and p o o r  i n  

m a g n e t i t e ,  p e r o v s k i t e ,  b i o t i t e  and p y r o x e n e .  I t  i s  c u t  by r a d i a l  

dykes  o f  v e r y  c o a r s e  t u r j a i t e  and i j o l i t e  w h ich  so m e t im es  c o n t a i n s  

l a r g e  s u b h e d r a l  p y r o x e n e s  a l i g n e d  p e r p e n d i c u l a r  to  t h e  w a l l s  o f  t h e  

dyke ( p l a t e  3 0 ) ;  l a r g e  b o ok s  o f  b l a c k  b i o t i t e  a r e  a lw ay s  p r e s e n t .  

O c c a s i o n a l l y ,  t h e  v e r y  c o a r s e  t u r j a i t e  o c c u r s  a s  i r r e g u l a r  m a s s e s ,

b u t  i t  g e n e r a l l y  shows an  i n t r u s i v e  r e l a t i o n s h i p  w i t h  t h e  n o rm al  

u n c o m p a h g r i t e .  A l l  t h e s e  r o c k  t y p e s  a r e  c u t  by s m a l l  c o n e s h e e t s  o f  

f i n e - g r a i n e d  i j o l i t e  and  m e l t e i g i t e .

4 ,  Normal u n c o m p a h g r i t e  w i t h  r e g u l a r  i n w a r d - d i p p i n g  b a n d s  

( p l a t e  29)  o f t e n  m erg es  w i t h  i r r e g u l a r  m a s se s  o f  t h e  v e r y  c o a r s e  

u n c o m p a h g r i t e  w i t h  p r o m in e n t  b l a c k  b i o t i t e .  A few f i n e - g r a i n e d  

i j o l i t e  and  t u r j a i t e  c o n e s h e e t s  a r e  p r e s e n t ,  b u t  t h e s e  d i e  o u t  t o w a r d s  

t h e  c e n t r e .

3# W i t h i n  a  h u n d r e d  y a r d s  o f  t h e  edge o f  t h e  p y r o c l a s t i c s  

on Rangwa, t h e  m e l i l i t e  becomes a l t e r e d  a l o n g  s m a l l  v e r t i c a l  v e i n s  

t o  a  v e r y  f i n e - g r a i n e d  m i n e r a l  o f  h i g h  r e l i e f ,  w hich  i s  t h o u g h t  t o  be



Plate 27. Fine-grained melteigite conesheet 
intruding biotite uncompabgrite.

Plate 28. Small dykes of* 
melanite ijolite intruding 
banded biotite uncompahgrite, 
and cutting a conesheet of 
melanite ijolite.



Plate 2 9 . Exposure of banded biotite uncompahgrite 
on Kumugina.

Plate 3 0 . Part of a coarse ijolite dyke which cuts 
the uncompahgrite. Pyroxenes are orientated 
perpendicular to the edges of the dyke.



Plate 51. Chilled margin of melanite ijolite 
conesheet intruding ijolite. (RPP141). x25

r ;

Plate 3 2 . Chilled margin of ijolite dyke intruding 
biotite uncompahgrite. Many of the larger grey 
crystals in the dyke are biotite. (RFAl). x25*
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d i o p s i d e .  N e a r e r  t h e  p y r o c l a s t i c s ,  t h e  r a e l i l i t e  h a s  be en  c o n v e r t e d  

a lm o s t  e n t i r e l y  t o  a  f e l t  o f  m in u te  c r y s t a l s  o f  t h i s  m i n e r a l ,  and  

p a l e  brown m e l a n i t e  h a s  formed ro u n d  most  o f  t h e  m a g n e t i t e  and 

p e r o v s k i t e .

On Sagurum e,  t h e  i j o l i t e  i s  p o o r l y  b a n d e d ,  and no z o n in g  

was r e c o g n i z e d .

The t e x t u r a l  and  s t r u c t u r a l  r e l a t i o n s  o f  t h e  i j o l i t e s  a r e  

m atched  by  t h o s e  o f  t h e  u n c o m p a h g r i t e s . I n d e e d ,  i t  seems t h a t  t h e  

v a r i o u s  p h a s e s  o f  t h e  one p a s s  i n t o  t h e  o t h e r  by t h e  a p p e a r a n c e  o f  

e s s e n t i a l  m e l i l i t e .  For  exam ple ,  c o n e s h e e t s  and dykes  o f  c o a r s e  

p e g m a t i t i c  i j o l i t e  i n t r u d e  t h e  i j o l i t e  and u n c o m p a h g r i t e  n e a r  t h e  

m a rg in s  ; on a  t r a v e r s e  i n w a r d s ,  t h e s e  become more m e l i l i t e - r i c h ,  

and m a g n e t i t e ,  p e r o v s k i t e  and  b i o t i t e  c r y s t a l s  b e g i n  t o  a p p e a r ,  u n t i l  

t h e  dyk es  a r e  o f  t u r j a i t e ;  f i n a l l y  t h e  i n t r u s i v e  r e l a t i o n s h i p  i s  

l o s t ,  and  t h e  c o a r s e - g r a i n e d  m a t e r i a l  o c c u r s  a s  s t r e a k s  and p a t c h e s  

o f  c o a r s e - g r a i n e d  u n c o m p a h g r i t e  i n  b a n d ed  u n c o m p a h g r i t e . The f i n e r -  

g r a i n e d  m e l t e i g i t e  and  i j o l i t e  c o n e s h e e t s  e x h i b i t  a  s i m i l a r  

phenomenon; n e p h e l i n e  s u r v i v e s  c l o s e r  t o  t h e  c e n t r e  o f  t h e  complex ,  

and an  i n t r u s i v e  r e l a t i o n s h i p  i s  a lw ay s  shown where n e p h e l i n e  i s  

p r e s e n t .  N ear  t h e  edge  t h e  p o o r l y  b an d ed  i j o l i t e  h a s  an e q u i v a l e n t  

i n  t h e  u n c o m p a h g r i t e  t h a t  h a s  s c h l i e r e n  o f  d a rk  m i n e r a l s ,  and t h e  

m u l t i p l e  c o n e s h e e t s  o f  m e l a n i t e  i j o l i t e  which  c u t  i t  may be a n a l o g o u s  

to  t h e  r e g u l a r  b a n d in g  shown by t h e  n o rm al  u n c o m p a h g r i t e  ( F i g u r e  10 

i l l u s t r a t e s  t h e  r e l a t i o n s  b e tw ee n  t h e  r o c k  t y p e s  o f  t h e  c e n t r a l
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c o m p l e x ) .

(3 )  MINERALOGY.

The r o c k - f o r m i n g  m i n e r a l s  a r e  d e s c r i b e d  and s p e c i a l  e m p h a s i s  

i s  p l a c e d  on t h e i r  a s s o c i a t i o n s  and e n v i r o n m e n t s .

( a )  DIOPSIDE AND AEGIRINE-AUGITE.

The p y r o x e n e  o f  t h e  p y r o x e n i t e s  and m e l i l i t e - b e a r i n g  r o c k s  

i s  a  p a l e  g r e e n  d i o p s i d e ;  i n  t h e  n e p h e l i n e - b e a r i n g  r o c k s ,  i t s  

c o m p o s i t i o n  v a r i e s  w i t h  t h e  amount o f  n e p h e l i n e .  When l i t t l e  

n e p h e l i n e  i s  p r e s e n t ,  i t  i s  t h e  same p a l e  g r e e n  d i o p s i d e ;  a s  t h e  

amount o f  n e p h e l i n e  i n c r e a s e s ,  t h e  p y ro x e n e  becomes a  d a r k e r  and 

y e l l o w e r  g r e e n ,  and t h e  X:c  a n g l e  d e c r e a s e s  to  a b o u t  33^ ,  i n d i c a t i n g  a  

t r e n d  t o w a r d s  a e g i r i n e . P y ro x e n e  se ldom  o c c u r s  i n  r o c k s  c o n t a i n i n g  

b o t h  m e l i l i t e  and  n e p h e l i n e  ( F i g u r e  6 ) .

I n  t h e  p y r o x e n i t e ,  t h e  p y ro x en e  c r y s t a l s  a r e  up to  1 mm l o n g ,  

a n h e d r a l  and  u n z o n e d .  I n  t h e  m e l i l i t e - b e a r i n g  r o c k s ,  t h e  p y r o x e n e s  

o c c u r  e i t h e r  a s  l a r g e  i r r e g u l a r  c r y s t a l s ,  which  i n t e r l o c k  w i t h  t h e  

m e l i l i t e  (RFA 2 ,  p l a t e  3 4 ) ,  o r  a s  b l a d e d  c r y s t a l s  up t o  2 cm lo n g  

(RFA 7 j  p l a t e  3 3 ) ,  w h ich  o f t e n  c r y s t a l l i z e  i n  t h e  form o f  a  c r o s s

(RFA 13 ,  p l a t e  33)»  The l a t t e r  a r e  som etim es  s u b h e d r a l ,  b u t  n o r m a l l y
)

t h e y  a r e  embayed by t h e  s u r r o u n d i n g  m e l i l i t e ,  and t h e r e  may be 

ro u n d e d  i n c l u s i o n s  o f  p y r o x e n e  showing p a r a l l e l  o r i e n t a t i o n  i n  t h e  

m e l i l i t e  (RFA l 6 ,  p l a t e  3&)» The c r y s t a l s  a r e  se ldom  zoned ,  and t h e  

m e l i l i t e  d o e s  n o t  c a u s e  any a l t e r a t i o n  p r o d u c t s  to  d e v e lo p  ro u n d



Plate 33* Euhedral crystal of pyroxene within a
large crystal of melilite in biotite uncompahgrite. 
(RFA7). x2 5 .

Plate 3 4 . Pyroxene crystal partly replaced by
melilite in biotite uncompahgrite. (RPA2). x25.



Plate 33» Part of a cross-shaped pyroxene crystal 
surrounded by melilite in biotite uncompahgrite 
(RFAI5 ). x2 5 .

Plate 3 6. Pyroxene crystal with very irregular edges 
surrounded by melilite in biotite uncompahgrite. 
(RPA16).  X155.



Plate 37» Anhedral pyroxene crystal surrounded by 
nepheline in urtite. Small amounts of melanite
occur at the edges. (RFA39)• x23

m .

Plate 38. A felt of tiny crystals replacing 
melilite in altered biotite uncompahgrite. 
Possibly they are pyroxenes. (RFA33)* x310.
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t h e i r  e d g e s .

O c c a s i o n a l l y  t h e  p y r o x e n e s  i n  t h e  n e p h e l i n e - b e a r i n g  r o c k s  a r e  

p a l e  g r e e n  u n z o n ed  d i o p s i d e ,  e s p e c i a l l y  i n  t h e  m e l t e i g i t e s .  Most 

o f  t h e  p y r o x e n e s  i n  t h e  i j o l i t e  and  u r t i t e  a r e  zoned  and more s o d a -  

r i c h .  The z o n in g  i s  c o m p l i c a t e d ,  and i n  e a c h  c r y s t a l  t h e r e  a r e  a  

l a r g e  number o f  o s c i l l a t o r y  z o n e s ,  i n  w h ich  t h e  X:c a n g l e s  d e c r e a s e  

g r a d u a l l y  and  i n c r e a s e  s h a r p l y  o u t w a r d s .  F r e q u e n t l y  t h e r e  a r e  m ino r  

d i s c o n f o r m i t i e s  b e tw e e n  s e t s  o f  z o n e s  (RFA 6 ) .  The o v e r a l l  e f f e c t  

i s  t h a t  t h e  X:c a n g l e s  d e c r e a s e  t o w a rd s  t h e  c r y s t a l  e d g e s .  These  

p y r o x e n e s  become d a r k e r  g r e e n  to w a rd s  t h e i r  m a r g i n s .  When t h e y  

t o u c h  e a c h  o t h e r  t h e  c r y s t a l s  have  s t r a i g h t  e d g e s ,  b u t  t h e y  t e n d  t o  be  

embayed and p a r t l y  a b s o r b e d  by n e p h e l i n e ,  and r e l i c s  o f  p y ro x e n e  

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

n e p h e l i n e  (RFA 39). T h e i r  e d g es  a r e  u s u a l l y  c o n v e r t e d  t o  f i b r o u s  

a e g i r i n e  and s o d i c  a m p h ib o le .

Near  t h e  b o u n d a ry  w i t h  t h e  p y r o c l a s t i c s ,  most  o f  t h e  m e l i l i t e  

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

w hich  a r e  t h o u g h t  t o  be  d i o p s i d e ,  none o f  w hich  a r e  more t h a n  .0 0 3  mm 

lo n g  (RFA 33, p l a t e  38).
I n  g e n e r a l ,  p y r o x e n e  seems t o  have  c r y s t a l l i z e d  e a r l i e r  t h a n  

m e l i l i t e  o r  n e p h e l i n e .

(b )  MELILITE.

M e l i l i t e  o c c u r s  i n  v a r y i n g  q u a n t i t i e s  i n  t h e  u n c o m p a h g r i t e  and



Plate 39. Characteristic appearance of melilite 
in biotite uncompahgrite. (RPA2). x25*

Plate 4-0. Melilite rimmed by fibrous cebollite 
and enclosed by nepheline in turjaite. The 
uicture includes several small prisms of apatite 
(EPA17). x23.
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t u r j a i t e .  I t  i s  u n i a x i a l  and  n e g a t i v e ;  t h e  b i r e f r i n g e n c e  c o l o u r s  

a r e  v a r i a b l e  t h r o u g h o u t  t h e  f i r s t  o r d e r  b u t  a r e  n o r m a l ly  v e r y  low .

The r e f r a c t i v e  i n d i c e s  o f  one sam ple  o f  m e l i l i t e  w i t h  v e ry  low 

b i r e f r i n g e n c e  (.from RFA 2) a r e  W = 1 .6 3 3  and E = 1 . 6 2 7 ,  b u t  t h e  

m e l i l i t e  w i t h  g r e a t e r  b i r e f r i n g e n c e  h a s  h i g h e r  r e f r a c t i v e  i n d i c e s .

The low r e f r a c t i v e  i n d i c e s  i n d i c a t e  t h a t  a  h i g h  component o f  sod ium  

m e l i l i t e  i s  p r e s e n t ,  a n d ,  b e c a u s e  t h e  m e l i l i t e  i s  n e g a t i v e ,  t h e  

amount o f  t h e  g e h l e n i t e  m o le c u l e  p r o b a b l y  e x c e e d s  t h a t  o f  t h e  

a  k.erma n i t e  m o le c u l e  (F e r g u s o n  and B u d d in g to n  1919 and Nurse  and 

M id g ley  1933 i n  D eer ,  Howie and  Zussman I 9 6 3 , Volume 1 pp 249 -  2 3 1 ) .

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

up t o  s e v e r a l  c e n t i m e t r e s  a c r o s s ,  and e n c l o s e  c l u s t e r s  o f  m a g n e t i t e ,  

p e r o v s k i t e  and  b i o t i t e ,  and  r e m n a n ts  o f  p y r o x e n e s .  They a r e  s h a t t e r e d ,  

c r a c k e d  and s t r a i n e d  (RFA 2, p l a t e  3 9 ) .  In  r o c k s  t h a t  c o n t a i n  m inor  

n e p h e l i n e ,  t h e  t e x t u r e  and  m i n e r a l  a s s o c i a t i o n s  o f  t h e  u n c o m p a h g r i t e  

s u r v i v e ,  b u t  t h e  m e l i l i t e  i s  p a r t l y  r e p l a c e d  by n e p h e l i n e  (RF 2 1 6 ) .  

When more n e p h e l i n e  i s  p r e s e n t ,  t h e  m e l i l i t e  s u r v i v e s  a s  i r r e g u l a r  

i n c l u s i o n s  w i t h i n  t h e  n e p h e l i n e ,  and i t  i s  n o r m a l ly  rimmed and 

p e n e t r a t e d  by c e b o l l i t e  f i b r e s ,  (RFA 17 ,  p l a t e  4 0 ) .

M e l i l i t e  h a s  g e n e r a l l y  c r y s t a l l i z e d  a f t e r  py ro x en e  and b e f o r e  

n e p h e l i n e .

( c )  NEPHELINE.
#

N e p h e l i n e  i s  fou n d  i n  t h e  i j o l i t e s  and t u r j a i t e s .  R e g a r d l e s s
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o f  t h e  s i z e s  o f  c r y s t a l s  o f  o t h e r  m i n e r a l s ,  i t  forms l a r g e  s u b h e d r a l  

p l a t e s .  I t  i s  n o r m a l l y  f r e s h ,  b u t  may be a l t e r e d  to  c a n c r i n i t e .

I n  t h e  m e l t e i g i t e ,  s m a l l  c r y s t a l s  o f  unzoned d i o p s i d e  o c c u r  

w i t h  n e p h e l i n e ,  b u t  n o r m a l l y  p y ro x e n e  and m e l i l i t e  a r e  zoned ,  a l t e r e d  

o r  r e p l a c e d  when n e p h e l i n e  i s  p r e s e n t ;  a l s o  m a g n e t i t e  and p e r o v s k i t e  

t e n d  t o  be  r e p l a c e d  by m e l a n i t e  ( F i g u r e  8 shows t h e s e  ch an g es  

d i a g r a m m a t i c a l l y ) .

(d )  AEGIRINE AND SODIC AMPHIBOLE.

A e g i r i n e  form s ro u n d  p y ro x e n e  c r y s t a l s  a l o n g  t h e i r  b o r d e r s  

w i t h  n e p h e l i n e ;  i t s  X:c  a n g l e  i s  v e r y  low and i t  i s  g r e e n  w i t h  s l i g h t  

p l e o c h r o i s m  b e tw e e n  l i g h t  and d a r k .  I t  forms m in u te  f i b r e s  t h a t  a r e  

o r i e n t a t e d  p a r a l l e l  t o  t h e  l e n g t h s  o f  t h e  c r y s t a l s  and a r e  b e s t  

d e v e l o p e d  a t  c r y s t a l  ends  (RFA 6 , p l a t e  4 l ) .

T iny  f i b r e s  o f  a  b l u e - g r e e n  a m p h ibo le  o c c u r  w i t h  t h e  a e g i r i n e .  

B e c a u se  o f  t h e  anom alous  brown, y e l l o w  and b l u e  b i r e f r i n g e n c e  c o l o u r s ,  

t h e  e x t i n c t i o n  a n g l e s  o f  t h e ' f i b r e s  c a n n o t  be m ea su re d  a c c u r a t e l y ,  

b u t  a r e  p r o b a b l y  v e r y  low .  P l e o c h r o i s m  i s  s l i g h t ,  b e tw ee n  p a l e  g r e e n  

and p a l e  b l u e - g r e e n .  I t  was i m p o s s i b l e  t o  d e t e r m i n e  t h e  o p t i c  

o r i e n t a t i o n  o r  2 V o f  t h e  f i b r e s .  The m i n e r a l  i s  t e n t a t i v e l y  

i d e n t i f i e d  a s  a r f v e d s o n i t e  (D e e r ,  Howie and Zussman, 19^3,  Volume 2

pp 369 -  3 7 2 ) .

A e g i r i n e  and s o d i c  am p h ib o le  were  n o t  found  e x c e p t  where  

c o a t i n g  l a r g e r  p y r o x e n e s  when t h e y  b o r d e r  on n e p h e l i n e .
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( e )  CEBOLLITE.

B e tw een  t h e  n e p h e l i n e  and m e l i l i t e ,  t h e r e  i s  a  l a y e r  o f  f i n e  

o r i e n t a t e d  f i b r e s ,  w h ich  i s  b e tw e e n  .1  and .6  mm t h i c k ,  and s i m i l a r  

f i b r e s  p e n e t r a t e  c r a c k s  and c l e a v a g e  p l a n e s  i n  t h e  m e l i l i t e  when i t  

i s  i n  c o n t a c t  w i t h  n e p h e l i n e .  The f i b r e s  a r e  p a l e  g r e e n ,  and show 

no p l e o c h r o i s m ;  t h e i r  b i r e f r i n g e n c e  i s  low, and e x t i n c t i o n  i s  more 

o r  l e s s  s t r a i g h t .  They a r e  l e n g t h  s lo w ,  and t h e i r  r e f r a c t i v e  i n d e x  

i s  h i g h e r  t h a n  t h a t  o f  Canada B a lsam .  Most o f  t h e  f i b r e s  a r e  

s u b p a r a l l e l ,  b u t  som et im es  r a d i a t e  from s m a l l  c e n t r e s  s c a t t e r e d  a l o n g  

t h e  edge  o f  t h e  n e p h e l i n e  (RFA 17,  p l a t e s  42 ,  43 and 4 4 ) .

L a r s e n  (1942)  r e c o r d e d  a l t e r a t i o n  o f  m e l i l i t e  i n  t h e  

u n c o m p a h g r i t e  a t  C e b o l l a  C reek ,  I r o n  H i l l  t o  a  s i m i l a r  m a t e r i a l ,  w h ich  

he c a l l e d  c e b o l l i t e ,  a  new m i n e r a l ,  and  h i s  a n a l y s i s  shows t h a t  i t  

i s  a  h y d r a t e d  c a l c i u m  a lu m in iu m  s i l i c a t e .  The m a t e r i a l  from Rangwa 

h a s  n o t  b e e n  X - r a y e d  y e t ;  i t  i s  t e n t a t i v e l y  i d e n t i f i e d  a s  c e b o l l i t e .

The f o r m a t i o n  o f  c e b o l l i t e  n e a r  n e p h e l i n e ,  and a s  p a t c h e s  

w i t h i n  n e p h e l i n e ,  w h ich  p r o b a b l y  r e p r e s e n t  a l t e r e d  m e l i l i t e  (RFA 3) 

show t h a t  i t s  o c c u r r e n c e  i s  a n a l o g o u s  to  t h a t  o f  t h e  p y ro xen e  

a l t e r a t i o n  p r o d u c t s  where  n e p h e l i n e  i s  p r e s e n t .  F u r t h e r  e v id e n c e  

t h a t  t h e  n e p h e l i n e  c r y s t a l l i z e d  a f t e r  t h e  m e l i l i t e  i n  any one r o c k  

i s  t h a t  c e b o l l i t e  may e n c l o s e  m a g n e t i t e  and p e r o v s k i t e ,  m i n e r a l s  w hich  

c r y s t a l l i z e d  e a r l y ,  w i t h  t h e  m e l i l i t e .

O th e r  a l t e r a t i o n  p r o d u c t s  o f  m e l i l i t e  form s t r e a k s  and p a t c h e s  

o f  brown n o n c r y s t a l l i n e  m a t e r i a l  w i t h i n  t h e  c r y s t a l s .
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Plate 41. Aegirine-augite rimmed by fibres of 
aegirine and sodic amphibole and enclosed..by 
nepheline in ijolite (RFA6). x80.

Plate 4 2 . Fibres of cebollite in turjaite. 
(EFA4-0) . xJlO.



Plate 43. Small cebollite fibres between melilite 
(at the top) and nepheline in turjaite. (RFAI7 )
X I 5 5 .

Plate 44. Small cebollite fibres between melilite and 
nepheline in turjaite. The fibres radiate from 
points close to the nepheline. (under crossed 
polarisera). (RPAl?). xl55*
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( f )  MAGNETITE AND PEROVSKITE.

M a g n e t i t e ,  p e r o v s k i t e  and  b i o t i t e  o c c u r  p r e d o m i n a n t l y  i n  t h e  

p y r o x e n i t e  and  u n c o m p a h g r i t e ,  and t h e y  a r e  se ldom  p r e s e n t  i n  

n e p h e l i n e - b e a r i n g  r o c k s .

M a g n e t i t e  se ldom  o c c u r s  on i t s  own, and when i t  does  i t  i s  

s u b h e d r a l .  G e n e r a l l y ,  i t  i s  r i n g e d  and  i r r e g u l a r l y  r e p l a c e d  by 

p e r o v s k i t e  (REA l 6 , p l a t e  4 6 ) .  P e r o v s k i t e ,  however ,  f r e q u e n t l y  

o c c u r s  a l o n e  a s  e u h e d r a l  g r a i n s  which  a r e  o f t e n  2 mm a c r o s s  

(RF 2l 6 , p l a t e  4 7 ) ,  and  have  h i g h  r e l i e f ,  low b i r e f r i n g e n c e  and 

t y p i c a l l y  complex  t w i n n i n g  i n  s e v e r a l  d i r e c t i o n s  (RF 2 l 6 ,  p l a t e  4 8 ) .  

Vfnen a s s o c i a t e d  w i t h  m a g n e t i t e ,  p e r o v s k i t e  i s  p o o r l y  tw in n e d  and 

a n h e d r a l .  An a n a l y s i s  o f  p e r o v s k i t e  from Rangwa c a r r i e d  o u t  by t h e  

M i n e r a l  R e s o u r c e s  D epar tm en t  o f  t h e  D i r e c t o r a t e  o f  C o l o n i a l  

G e o l o g i c a l  S u r v e y s  (McCall  1938)  shows t h a t  i t  i s  a  Columbian v a r i e t y  

and  c o n t a i n s  0 . 36% Nb^ 0^ and  0 . 73% r a r e  e a r t h s .

Most o f  t h e  m a g n e t i t e  and  p e r o v s k i t e  a r e  among t h e  e a r l i e s t  

fo rm ed  m i n e r a l s  i n  t h e  r o c k s  o f  t h e  com plex .  They o c c u r  w i t h i n  and 

among b o t h  p y r o x e n e  and  m e l i l i t e  c r y s t a l s ,  and may c r o s s  t h e  

b o u n d a r i e s  b e tw e e n  them (RFA l 6 ) .

B o th  m i n e r a l s  o c c u r  i n  s e g r e g a t i o n s ,  which  g i v e  t h e  

u n c o m p a h g r i t e  i t s  b a n d ed  a p p e a r a n c e  ( p l a t e  2 9 ) ,  and  i n  c l u s t e r s ;

RFA l 4  c o n t a i n s  a  c l u s t e r  o f  s m a l l  p e r o v s k i t e  c r y s t a l s  3 cm a c r o s s ,  

w h ich  a r e  r immed by m e l a n i t e .
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Plate 4 5 . Magnetite crystal in melilite in
biotite uncompahgrite. The rims of perovskite 
and biotite are not shown clearly. (RPA16). x55-

Plate 46. Part of the edge of a magnetite crystal
in biotite uncompahgrite. Narrow rims of perovskite 
and biotite are visible. (RPA16). x620.

%



Plate 4 7 . Euhedral perovskite crystal enclosed by 
pyroxene in biotite uncompahgrite. (RP216). x55*

Plate 48. Twinning in perovskite in biotite 
uncompahgrite (under crossed polarisers)• 
(RPA16). XI3 3 .

i
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( g )  BIOTITE.

B i o t i t e ,  w h ich  i s  an e s s e n t i a l  c o n s t i t u e n t  o f  t h e  b i o t i t e  

u n c o m p a h g r i t e ,  b u t  o c c u r s  s p o r a d i c a l l y  i n  a l l  t h e  r o c k s  o f  t h e  com p lex ,  

i s  p l e o c h r o i c  be tv /een  p a l e  y e l lo w - b r o w n  and g o l d e n  brown, and  h a s  a  

2 V o f  l e s s  t h a n  1 0 ^ .  I n  RFA 7 a  m i n e r a l  was found  which  h a s  r e v e r s e  

p l e o c h r o i s m  t o  b i o t i t e , b u t  o t h e r w i s e  s i m i l a r  p r o p e r t i e s .  I n  RFA 3 

a b i o t i t e  c r y s t a l  c o n t a i n s  c l e a v a g e  f l a k e s  t h a t  show r e v e r s e  p l e o c h r o i s m ;  

b o t h  t h e s e  o c c u r r e n c e s  a r e  i n  n e p h e l i n e - b e a r i n g  r o c k s  and t h e y  r im  

p y r o x e n e s .  The b i o t i t e  o f  t h e  i j o l i t e  i s  p a l e r ,  r e d d e r  and  l e s s  

p l e o c h r o i c  t h a n  t h a t  o f  t h e  u n c o m p a h g r i t e  and  p y r o x e n i t e .

B i o t i t e  o c c u r s  l a r g e l y  i n  t h e  p y r o x e n i t e ,  u n c o m p a h g r i t e  and 

t u r j a i t e .  I t  i s  fou n d  m a i n l y  w i t h  m a g n e t i t e  and p e r o v s k i t e ,  w h ich  i t  

f r e q u e n t l y  r i m s .  L a rg e  i r r e g u l a r  p l a t e s  o f  b i o t i t e  may e n c l o s e  t h e s e  

two m i n e r a l s  c o m p l e t e l y  (RFA l 6 , p l a t e  4*9), and b i o t i t e  som etim es  

e n g u l f s  and  p e n e t r a t e s  g r a i n s  o f  p e r o v s k i t e  (RFA 1 2 ) .  B i o t i t e  a l s o  

o c c u r s  s e p a r a t e l y ,  and o v e r  4-0% o f  RFA 12 c o n s i s t s  o f  i r r e g u l a r  

i n t e r g r o w t h s  o f  i t ,  and  t h e  l a r g e  books  t h a t  a r e  t y p i c a l  o f  t h e  v e r y  

c o a r s e - g r a i n e d  u n c o m p a h g r i t e  f r e q u e n t l y  o c c u r  on t h e i r  own.

B o th  i n  t h e  m e l i l i t e - a n d - n e p h e l i n e - b e a r i n g  r o c k s ,  b i o t i t e  may 

r im  p y r o x e n e ,  and e n c l o s e  f r a g m e n t s  o f  p y ro x e n e  o f  p a r a l l e l  

o r i e n t a t i o n  p o i k i l i t i c a l l y  (RFA 3 and RFA 7,  p l a t e s  30 and 3 1 ) .

B i o t i t e  a l s o  o c c u r s  o c c a s i o n a l l y  a lo n g  t h e  c r y s t a l  edges  and c l e a v a g e  

p l a n e s  o f  m e l i l i t e  and n e p h e l i n e .

The b i o t i t e  i s  n o r m a l l y  u n a l t e r e d  and u n s t r a i n e d ,  b u t  many o f



Plate 4 9 . Biotite enclosing a magnetite crystal 
in biotite nncompabgrite.

Plate 5 0 . Biotite enclosing pyroxene poikilitically 
in ijolite. (EFA5). x55*
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t h e  f i n e - g r a i n e d  i j o l i t e  dykes  t h a t  c u t  t h e  u n c o m p a h g r i t e  and i j o l i t e  

( p l a t e s  31  and  32)  c o n t a i n  s m a l l  p l a t e s  o f  s t r a i n e d  b i o t i t e  t h a t  i s  

b l e a c h e d  r o u n d  t h e  e d g e s .  I t  i s  p o s s i b l e  t h a t  t h e s e  were p i c k e d  up 

from t h e  u n c o m p a h g r i t e  i n t o  which  t h e  i j o l i t e  was i n t r u d e d .

From t h e s e  t e x t u r a l  r e l a t i o n s h i p s ,  b i o t i t e  g e n e r a l l y  a p p e a r s  

to  h a v e  c r y s t a l l i z e d  l a t e r  t h a n  m a g n e t i t e  and p e r o v s k i t e ,  and 

so m e t im es  l a t e r  t h a n  p y r o x e n e ,  m e l i l i t e  and n e p h e l i n e .

(h )  SPHERE AND MELINITE.

Sphene  i s  a  v e r y  m inor  c o n s t i t u e n t  o f  some o f  t h e  i j o l i t e s .

I t  fo rm s  s m a l l  e u h e d r a l  d i a m o n d -sh a p e d  c r y s t a l s ,  b o t h  s i n g l y  and i n  

g r o u p s  a lo n g  t h e  e d g e s  o f  n e p h e l i n e  c r y s t a l s ,  and o c c u r s  a s  i r r e g u l a r  

i n c l u s i o n s  w i t h i n  m e l a n i t e .  I t  i s  n o r m a l ly  c o l o u r l e s s .  Sphene i s  

n e v e r  fo u n d  i n  t h e  p y r o x e n i t e s  o r  u n c o m p a h g r i t e s .

M e l a n i t e  i s  c o n f i n e d  l a r g e l y  t o  r o c k s  t h a t  c o n t a i n  n e p h e l i n e .

I t s  c o l o u r  v a r i e s  f rom p a l e  brown t o  b l a c k ,  and i t  t e n d s  to  e n c l o s e  

m ost  o t h e r  m i n e r a l s  p o i k i l i t i c a l l y  ( p l a t e s  32 and 3 3 ) .  In  some 

t u r j a i t e s  and  m e l t e i g i t e s ,  m e l a n i t e  e n c l o s e s  p a r t l y  a l t e r e d  m a g n e t i t e ,  

p e r o v s k i t e  and  b i o t i t e  (RF 2 1 3 ) ,  and p e r o v s k i t e  c r y s t a l s  can  be s e e n  

i n  a l l  s t a g e s  o f  a l t e r a t i o n  t o  m e l a n i t e .  When l a r g e  amounts  o f  

p e r o v s k i t e  a r e  s u r r o u n d e d  by m e l a n i t e  ( a s  i n  RFA l4-) t h e  m e l a n i t e  i s  

n o r m a l l y  p a l e  Drown.

I n  t h e  t y p i c a l  m e l a n i t e  i j o l i t e ,  t h e  m e l a n i t e  i n c l u d e s  p y r o x e n e ,  

n e p h e l i n e  and  a p a t i t e  c r y s t a l s ;  i t  r i n g s  p y roxene  and p e n e t r a t e s



Plate 53. Melanite enclosing pyroxene crystals 
poikilitically. (RFP147) x2$.

Plate 5 4 . Irregular bodies of melanite in altered 
biotite uncompahgrite. (RPA29)* x80.
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a lo n g  c l e a v a g e  p l a n e s ,  w h e r e a s  i t  r e p l a c e s  n e p h e l i n e  more c o m p l e t e l y  

(RF 3 4 7 ) .  I t  i s  e i t h e r  a  homogeneous d a r k  b r o w n - o l a c k  o r  i t  i s  zo n ed  

from d a r k  t o  l i g h t  b rown,  o f t e n  s e v e r a l  t i m e s .  I n  t h e  f o r m e r  c a s e  i t  

forms i r r e g u l a r  a n h e d r a l  m a s s e s ,  b u t  i n  t h e  l a t t e r  i t  h a s  s t r a i g h t  

c r y s t a l  e d g e s  (RFA 6 ) .  I t  i s  n o r m a l l y  zo n ed  i n  n e p h e l i n e - r i c h

i j o l i t e s  and  u r t i t e s .

M e l a n i t e  i s  se ldom  fo u n d  i n  t h e  u n c o m p a h g r i t e ,  b u t  t h e  s m a l l  

i j o l i t e  dyk es  w h ich  c u t  t h e  u n c o m p a h g r i t e  c a u s e  e x t e n s i v e  

m e l a n i t i s a t i o n .  Rims o f  m e l a n i t e  s e v e r a l  mm t h i c k  o c c u r  a l o n g  t h e  

d y k e s ,  and e x t e n d  i n t o  t h e  u n c o m p a h g r i t e ,  a l t e r i n g  t h e  n e i g h b o u r i n g  

m a g n e t i t e ,  p e r o v s k i t e  and  b i o t i t e .  A lso  i n  t h e  u n c o m p a h g r i t e  f rom 

n e a r  t h e  b o u n d a ry  w i t h  t h e  p y r o c l a s t i c s ,  much o f  t h e  m a g n e t i t e ,  

p e r o v s k i t e ,  and  b i o t i t e  h a s  b een  c h ang ed  t o  p a l e  u n z o n e d  m e l a n i t e  

(RFA 2 9 , p l a t e  3 4 ) .  Even when i t  o c c u r s  i n  t h e  u n c o m p a h g r i t e ,  

m e l a n i t e  i s  a  l a t e - f o r m i n g  m i n e r a l ,  and o n l y  o c c a s i o n a l l y  a s  i n  

RFP 147 b i o t i t e  i s  s e e n  t o  r i n g  m e l a n i t e .

B o th  s p h e n e  and  m e l a n i t e  a r e  n o rm a l  members o f  t h e  m i n e r a l  

a s s o c i a t i o n  t h a t  o c c u r s  w i t h  n e p h e l i n e .  They a r e  b o t h  t i t a n i f e r o u s  

m i n e r a l s ,  and  t e n d  to  r e p l a c e  t h e  m a g n e t i t e ,  p e r o v s k i t e  a n d ,  t o  a  

l e s s e r  e x t e n t ,  t h e  b i o t i t e  o f  t h e  p y r o x e n e - a n d  m e l i l i t e - b e a r i n g  

r o c k s  ( F i g u r e  8 i l l u s t r a t e s  t h e  m i n e r a l  r e l a t i o n s  d i a g r a m m a t i c a l l y ) .

( i )  WQLLABTQNITE, PECTQLITE AND CANCRINITE.

W o l l a s t o n i t e  fo rm s  s m a l l  c o l o u r l e s s  c r y s t a l s  o f  much t h e  same
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h a b i t  a s  t h e  p y r o x e n e s  o f  i j o l i t e s .  I t  i s  found  b o t h  w i t h i n  n e p h e l i n e  

c r y s t a l s  and a l o n g s i d e  p y r o x e n e s .  W o l l a s t o n i t e , e s p e c i a l l y  when 

s u r r o u n d e d  by n e p h e l i n e ,  i s  r i n g e d  by  v e r y  f i n e  f i b r e s  o f  p e c t o l i t e  

(KF 3 4 6 ) .

C a n c r i n i t e  i s  a  s p o r a d i c  a l t e r a t i o n  p r o d u c t  o f  n e p h e l i n e ,  and 

i s  found  m a i n l y  i n  t h e  i j o l i t e s  on Sagurum e.  G e n e r a l l y ,  a s  i n  

RFA 3 6 , c a n c r i n i t e  fo rm s p l a t e s  up t o  2 mm a c r o s s  o f  m ic a c e o u s  

a p p e a r a n c e  w i t h i n  t h e  n e p h e l i n e  c r y s t a l s ,  and t h e y  a r e  p r o b a b l y  t h e  

r e s u l t  o f  l a t e  s t a g e  a l t e r a t i o n .  But o c c a s i o n a l l y ,  a s  i n  RF 222 ,  

e x t re m e  a l t e r a t i o n  o f  n e p h e l i n e  t o  c a n c r i n i t e  and m in o r  amounts  o f  

n a t r o l i t e  h a p p e n s  n e a r  v e i n s  o f  v e r y  f i n e - g r a i n e d  g r e e n  p y r o x e n e  and  

n o n c r y s t a l l i n e  m a t e r i a l .  The v e i n s  o c c u r  a l o n g  m inor  z o n es  o f  

d i s l o c a t i o n  a c r o s s  w h ich  l a r g e  p y r o x e n e s  have  b e e n  d i s p l a c e d  by a b o u t  

a  m i l l i m e t r e .

W o l l a s t o n i t e ,  p e c t o l i t e  and  c a n c r i n i t e  a r e  a l l  a c c e s s o r i e s  i n  

t h e  r o c k s  r i c h e s t  i n  n e p h e l i n e ,  and  none were  found  i n  p y r o x e n i t e ,  

u n c o m p a h g r i t e ,  t u r j a i t e  o r  m e l t e i g i t e .

( j )  APATITE.

A p a t i t e  o c c u r s  i n  a l l  t h e  a l k a l i n e  r o c k s  a t  and a ro u n d  Rangwa.

I t  u s u a l l y  c o n s t i t u t e s  one o r  two p e r  c e n t  o f  any r o c k ,  b u t  so m e t im es  

t h e r e  i s  a t  l e a s t  10 p e r  c e n t  o f  i t .  I t  o c c u r s  a s  s m a l l  c r y s t a l s  

e i t h e r  s i n g l y  o r  i n  g r o u p s  show ing  p a r a l l e l  o r i e n t a t i o n  w i t h i n  c r y s t a l s  

o f  p r a c t i c a l l y  e v e r y  m i n e r a l  and  t h e  c r y s t a l s  may be  r o u n d e d  o r  e u h e d r a l
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S m a l l  am ounts  o f  i t  a r e  p r e s e n t  i n  a l l  t h e  m i n e r a l s  i n  t h e  

p y r o x e n i t e  and  u n c o m p a h g r i t e ,  e s p e c i a l l y  t h e  m e l i l i t e  (RFA l 6 ) ,  and 

i t  fo rm s  r o u n d e d  c r y s t a l s ,  w hich  may c r o s s  t h e  b o u n d a r i e s  b e tw e e n  

p y ro x e n e  and  m e l i l i t e .  However, f a r  more a p a t i t e  i s  e n c l o s e d  by  

n e p h e l i n e ,  and  a p a t i t e  c r y s t a l s  were n e v e r  found  t o  c r o s s  t h e  

b o u n d a r i e s  b e tw e e n  n e p h e l i n e  and  e i t h e r  m e l i l i t e  o r  p y r o x e n e .  The 

a p a t i t e  a s s o c i a t e d  w i t h  n e p h e l i n e  i s  n o r m a l ly  e u h e d r a l - s u b h e d r a l ; i t  

i s  t h e r e f o r e  l i k e l y  t h a t  a  s e p a r a t e  g e n e r a t i o n  o f  a p a t i t e  c r y s t a l l i z e d  

w i t h  t h e  n e p h e l i n e .

From t h e s e  o b s e r v a t i o n s ,  i t  seems t h a t  a p a t i t e  h a s  c r y s t a l l i z e d  

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

B. GAR3QNATITE.

The e a r l y  c a r b o n a t i t e s  b e lo n g  t o  two t y p e s .  One t y p e  o n l y  

o u t c r o p s  i n  s i t u  on K i a k o , and p o s s i b l y  n e a r l y  i n  s i t u  i n  t h e  l o o s e  

b l o c k s  fo un d  s o u t h  e a s t  o f  G in g o .  However, t h i s  r o c k  i s  s i m i l a r  t o  

many o f  t h e  f r a g m e n t s  o f  c a r b o n a t i t e  found  i n  t h e  c o n g l o m e r a t e s  t o  

t h e  n o r t h ,  and i t  i s  t h o u g h t  t h a t  an  e a r l y  c a r b o n a t i t e  o f  t h i s  t y p e  

formed a t  t h e  c e n t r e  o f  t h e  c e n t r a l  p l u t o n i c  complex ,  b u t  was p a r t l y  

b r o k e n  up when t h e  p y r o c l a s t i c s  were  e r u p t e d .  The o t h e r  s m a l l  

o c c u r r e n c e s  o f  c a r b o n a t i t e  t h a t  i n t r u d e  t h e  b asem en t  c o n s t i t u t e  t h e  

s e c o n d  t y p e .

(1 )  KIAKO CARBONATITE.

The o u t c r o p  p a t t e r n  o f  c a r b o n a t i t e  on Kiako i s  i r r e g u l a r  and
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p o o r l y  d e f i n e d ;  from t h e  d i s t r i b u t i o n  o f  t h e  few e x p o s u r e s  fo u n d ,  

i t  i s  p r o b a b l y  a b o u t  30 y a r d s  a c r o s s .  The r o c k  i s  w h i t e  and c o a r s e ,  

and l a r g e  s u b h e d r a l  m a g n e t i t e s  and  p y r o x e n e s  p r o t r u d e  on t h e  

w e a t h e r e d  s u r f a c e  i n  b a n d s  w h ich  a r e  a lm o s t  v e r t i c a l ,  a l t h o u g h  no 

s i g n i f i c a n t  t r e n d s  were  fo u nd  i n  t h e  s t r i k e s  o f  t h e  b a n d i n g .  The 

r o c k  i s  composed m a i n l y  o f  c l e a r  c a r b o n a t e ,  b o t h  u n tw in n e d  and 

u n s t r a i n e d ,  i n  a n h e d r a l  c r y s t a l s  up t o  1 cm a c r o s s .  These  o c c a s i o n a l l y  

have  t h i n  brown r i m s ,  a s  i f  i r o n - o r - m a g n e s i u m - r i c h  m a t e r i a l  h a s  b e e n  

e x s o l v e d  from them.

A e g i r i n e  i s  t h e  c h i e f  m inor  c o n s t i t u e n t ,  and i t  i s  

d i s t i n c t i v e  o f  t h e  Kialco C a r b o n a t i t e ,  a s  i t  se ldom  o c c u r s  i n  

c a r b o n a t i t e s  e l s e w h e r e  on Rangwa. C r y s t a l s  o f  a e g i r i n e  may be a s  

much a s  1 . 3  cm l o n g ,  and  th o u g h  o c c u r r i n g  i n  b a n d s  and  c l u s t e r s  t h e y  

a r e  n o t  o r i e n t a t e d .  They were  p r o b a b l y  o r i g i n a l l y  s u b h e d r a l ,  b u t  

have b e e n  b r o k e n  up and a l t e r e d  by t h e  c a r b o n a t e .  They a r e  n o r m a l l y  

d a r k  g r e e n ,  c lo u d y  and  u n z o n ed .  The c o r e s  o f  t h e  c r y s t a l s  a r e  

f r e q u e n t l y  r e p l a c e d  by c o a r s e  c lo u d y  c a r b o n a t e ,  and so m e t im es  c r y s t a l s  

a r e  b r o k e n  i n t o  p i e c e s  w hich  have  s l i g h t l y  d i f f e r e n t  o r i e n t a t i o n  

(RFP 6 3 ) .  A p a t i t e  o c c u r s  i n  two g e n e r a t i o n s ;  i t  i s  e i t h e r  r o u n d e d  

and p a r t l y  a l t e r e d  t o  c a r b o n a t e ,  o r  e u h e d r a l  w i t h  rows o f  m in u te  

i n c l u s i o n s .  These  two modes o f  o c c u r r e n c e  o f  a p a t i t e  a r e  found  i n  

b o t h  t h e  e a r l y  p l u t o n i c s  and  t h e  c e n t r a l  c a r b o n a t i t e s .  M a g n e t i t e  i s  

an o c c a s i o n a l  c o n s t i t u e n t .
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(2 )  OTHER EARLY CARBONATITE.

A l th o u g h  w i d e s p r e a d ,  most  o f  t h e  o t h e r  e a r l y  c a r b o n a t i t e  

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

and a l t e r e d  c o u n t r y  r o c k  w i t h  which  i t  i s  a s s o c i a t e d .  The c a r b o n a t e  

i t s e l f  i s  g e n e r a l l y  a  m o sa ic  o f  f i n e - o r - m e d i u m - g r a i n e d  c lo u d y  

c r y s t a l s ,  s p r i n k l e d  w i t h  brown opaque m a t e r i a l .  None o f  t h e  u s u a l  

c a r b o n a t i t e  a c c e s s o r y  m i n e r a l s  a r e  fo u nd ,  e x c e p t  f o r  m inor  q u a n t i t i e s  

o f  a p a t i t e .  V a ry ing  amounts  o f  f e l s p a r  o c c u r ,  and t h e r e  i s  a  

g r a d a t i o n  b e tw e e n  f e l s p a r - f r e e  c a r b o n a t i t e  and  f e l s p a r  r o c k .  T h i s  

r e l a t i o n s h i p  w i l l  be d e s c r i b e d  when a l t e r a t i o n  o f  ba sem e n t  m i n e r a l s  

t o  p o t a s h  f e l s p a r  and c a r b o n a t e  i s  c o n s i d e r e d  (pp 6 l  -  63 ) .

The c a r b o n a t i t e  from a s m a l l  o u t c r o p  on t h e  t a l u s  s l o p e s  

n o r t h  o f  Rangwa (RFP 190)  i s  somewhat u n u s u a l ;  i t  c o n s i s t s  m a in ly  

o f  l a r g e  e l o n g a t e d  c r y s t a l s  o f  c a r b o n a t e ,  s u r r o u n d e d  and r e p l a c e d  by  

f a r  s m a l l e r  o n e s .  No o t h e r  m i n e r a l s  o c c u r  e x c e p t  f o r  s m a l l  p a t c h e s  

o f  f i n e - g r a i n e d  f e l s p a r  w i t h  c lo u d y  e d g e s .  The f i e l d  r e l a t i o n s  o f  

t h i s  c a r b o n a t i t e  a r e  unlmown, a l t h o u g h  i t  does  o u t c r o p  n e a r  an  

e x p o s u r e  o f  f e n i t e .

C. NEPHELINE SYENITE.

S m a l l  b o d i e s  o f  f i n e - g r a i n e d  n e p h e l i n e  s y e n i t e  a r e  g e n e r a l l y  

a s s o c i a t e d  w i t h  t h e  l a r g e r  a l k a l i n e  i n t r u s i o n s .  One dyke w i t h  a  

n o r t h - e a s t  s o u t h - w e s t  s t r i k e  on Kiako i s  c u t  by t h e  c a r b o n a t i t e  t h e r e ,  

b u t  t h e  n e p h e l i n e  s y e n i t e  i s  se ldom w e l l  enough e xp osed  t o  show i t s
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form o r  f i e l d  r e l a t i o n s .  B lo c k s  o f  n e p h e l i n e  s y e n i t e  were  fo u nd  n e a r  

t h e  m a r g in  o f  t h e  i j o l i t e  on Manga, and  w i t h i n  t h e  f e n i t e  on Sagurume 

The n e p h e l i n e  s y e n i t e s  a r e  d a r k  g r e e n ,  f i n e - g r a i n e d  and  

homogeneous i n  hand  s p e c im e n ,  and l o o k  n o t  u n l i k e  t h e  i j o l i t e  and  

r n e l t e i g i t e  w hich  o c c u r  n e a r  t h e  edge o f  t h e  c e n t r a l  a l l c a l i n e  com p lex .  

The n e p h e l i n e  (HFP 62) fo rm s a  g roundm ass  o f  s u b h e d r a l  p l a t e s  t h a t  

a r e  up t o  ^ mm a c r o s s ;  t h e s e  a r e  p a r t l y  a l t e r e d  t o  c a n c r i n i t e ,  and  

have  v e r y  p r o m in e n t  c l e a v a g e  p l a n e s .  L e s s e r  amounts  o f  u n tw in n e d  

a n h e d r a l  o r t h o c l a s e ,  w h ic h  i s  c l o u d i e r  t h a n  t h e  n e p h e l i n e ,  o c c u r  i n  

t h e  g ro u n dm ass  t o o .  Up t o  o f  t h e  r o c k  i s  a e g i r i n e  a u g i t e ,  w h ic h

forms s m a l l  e l o n g a t e d  c r y s t a l s  l e s s  t h a n  1 mm l o n g .  They a r e  r immed 

by d a r k e r  g r e e n  a e g i r i n e ,  t h e  o u t e r  l i m i t  o f  which  i s  f i b r o u s  and 

r a g g e d ;  t h e  complex z o n in g  fou nd  i n  t h e  p y r o x e n e s  i n  t h e  i j o l i t e  

does  n o t  o c c u r ,  and t h e  c e n t r e s  o f  t h e  c r y s t a l s  a r e  more a e g i r i n e -  

r i c h  t h a n  t h o s e  o f  t h e  i j o l i t e .  O f t e n  t h e  p y r o x e n e s  a r e  c o m p l e t e l y  

e n c l o s e d  by n e p h e l i n e .  W o l l a s t o n i t e  and  sp h e n e  form s p o r a d i c a l l y ,  

and c a r b o n a t e  i s  common b o t h  a s  an  a l t e r a t i o n  p r o d u c t  and i n  s m a l l  

v e i n s • «

The m i n e r a l  p a r a g e i i e s i s  o f  t h e  n e p h e l i n e  s y e n i t e  i s  s i m i l a r  

t o  t h a t  o f  t h e  i j o l i t e ,  e x c e p t  i n  t h e  a p p e a r a n c e  o f  o r t h o c l a s e  and 

c a r b o n a t e  and  t h e  n o n a p p e a ra n c e  o f  m e l a n i t e .
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D. RUKUNGU AGGLOMSHATE.

At t h e  Hukungu v e n t ,  i n t r u s i v e  and p o s s i b l y  e x t r u s i v e  

a g g l o m e r a t e  and  e x t r u s i v e  b e d d ed  t u f f  a r e  ex p o sed ,  and ,  a l t h o u g h  

d e t a i l e d  f i e l d  r e l a t i o n s  c a n n o t  be e s t a b l i s h e d ,  some o f  t h e  phenomena 

w hich  w i l l  be  d e s c r i b e d  from Rangwa i t s e l f  o c c u r  h e r e .  W hereas on 

Rangwa t h e  c o n t a c t  b e tw e e n  t h e  p y r o c l a s t i c s  and basem en t  i s  n o t  

e x p o s e d ,  a t  Rukungu t h e r e  i s  a  g r a d a t i o n  a t  t h e  edge o f  t h e  v e n t  from 

u n s h a t t e r e d  b a sem e n t  t o  i n t r u s i v e  a g g l o m e r a t e .  Here w i l l  be d e s c r i b e d  

t h e  r o c k s  t h a t  a r e  found  w i t h i n  t h e  v e n t .

The a g g l o m e r a t e  i s  un b an ded ,  and  d oes  n o t  show any f lo w  

t e x t u r e ,  and  p r o v i d e s  e v id e n c e  o f  w h e th e r  i t  i s  i n t r u s i v e  o r  e x t r u s i v e ,  

The m a t r i x ,  wh ich  i s  g e n e r a l l y  brown, c o n s i s t s  o f  i n t e r g r o w t h s  o f  

c a r b o n a t e  and  f i n e - g r a i n e d  c lo u d y  f e l s p a r .  The f r a g m e n t s  a r e  c l o s e l y  

p a c k e d  and u n s o r t e d ,  b u t  se ldom  l a r g e r  t h a n  2 cm a c r o s s .  They a r e  

r o u n d e d  o r  s u b a n g u l a r ,  and c o n s i s t  b o t h  o f  i n d i v i d u a l  m i n e r a l s  and  

r o c k s ,  o f  w h ich  t h e  f o l l o w i n g  were  f o u n d ; -  G r a n i t e ,  q u a r t z i t e  and 

m ica  s c h i s t  ( a l l  u n a l t e r e d ) ,  f e l s p a r  r o c k ,  o f t e n  w i t h  i n c l u s i o n s  o f  

p h l o g o p i t e ,  h i g h l y  c a r b o n a t e d  m a t e r i a l  w i t h  p o s s i b l e  p y ro x en e  

pseudom orphs  ( g e n e r a l l y  t h e  most  ro u n d e d  f r a g m e n t s ) ,  and a  r o c k  

c o n s i s t i n g  e n t i r e l y  o f  s m a l l  p h l o g o p i t e  c r y s t a l s .  F r a g m e n t a l  q u a r t z  

and  a l l  t h e  o r i g i n a l  f e l s p a r s  i n  t h e  g r a n i t e  s u r v i v e ,  a l t h o u g h  t h e  

p l a g i o c l a s e  i s  u s u a l l y  s e r i c i t i s e d  (RF 3^1)*  T h is  i m p l i e s  t h a t  t h e  

f r a g m e n t s  o f  f e l s p a r  r o c k  were  a l r e a d y  f e l s p a t h i s e d  b e f o r e  t h e
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em placem ent  o f  t h e  a g g l o m e r a t e .

Towards t h e  c e n t r e  o f  t h e  v e n t ,  r e c o g n i z a b l e  f r a g m e n t s  o f  

b a se m e n t  become f e w e r ,  t h e  p r o p o r t i o n  o f  m a t r i x  to  f r a g m e n ts  i n c r e a s e s ,  

and t h e r e  i s  c o n s i d e r a b l e  a l t e r a t i o n  t o  f i n e - g r a i n e d  c lo u d y  p o t a s h  

f e l s p a r .  Many o f  t h e  f r a g m e n t s  o f  f i n e - g r a i n e d  f e l s p a r  and c a r b o n a t e  

have  i r r e g u l a r  s w i r l i n g  edg es  and s k i n s  o f  opaque m a t e r i a l  (RFP 1 ? 7 ) .  

F r e q u e n t l y  f r a g m e n t s  a r e  t h e m s e l v e s  f r a g m e n t a l ,  and  have  a  s i m i l a r  

t e x t u r e  and  c o m p o s i t i o n  to  t h e  m a t r i x .

The o n ly  e x p o s u r e  o f  p o s s i b l y  e x t r u s i v e  t u f f  found  i s  composed 

o f  f i n e - g r a i n e d  c a r b o n a t e  and  f e l s p a r ,  wh ich  r e p l a c e  f r a g m e n t a l  

m a t e r i a l  a s  w e l l  a s  some p o s s i b l e  pseudom orphs  a f t e r  m e l i l i t e  i n  

c a r b o n a t e .  The b e d s  a r e  . 3 - 2  cm a p a r t ,  and  a r e  r o u g h l y  g r a d e d .

E. BRECCIATIQN AND ALTERATION.

F e n i t i s a t i o n  and f e l s p a t h i s a t i o n  a r e  forms o f  a l t e r a t i o n  o f  

t h e  c o u n t r y  r o c k  a s s o c i a t e d  w i t h  t h e  i n t r u s i o n  o f  a l l c a l i n e  p l u t o n i c s .  

The f i r s t  s t e p  i n  b o t h  h a s  b e e n  c o n s i d e r e d  to  be s h a t t e r i n g  o f  t h e  

c o u n t r y  r o c k ,  a s  (von Eckermann 1948)  a  " t h e r m a l  s h o c k  zone"  d e v e l o p s .  

Around Rangwa, a l t h o u g h  s h a t t e r i n g  f r e q u e n t l y  acco m p a n ie s  a l t e r a t i o n  

o f  t h e  b a s e m e n t ,  b r e c c i a t i o n  may a l s o  o c c u r  which  i s  a p p a r e n t l y  

u n r e l a t e d  t o  a l k a l i n e  i n t r u s i o n s ;  so  t h e  b r e c c i a t i o n  i s  d e s c r i b e d  

s e p a r a t e l y .

The p r o c e s s e s  o f  f e n i t i s a t i o n  and f e l s p a t h i s a t i o n  a s  d e s c r i b e d  

a t  o t h e r  l o c a l i t i e s  (von Eckermann 1948 and G a rso n  and Campbell  S m i th
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1958)  a r e  fo u n d  s u p e r i m p o s e d  and w i t h  g r a d a t i o n s  be tw een  t h e  two a t  

Rangwa; i t  i s  t h e r e f o r e  c o n v e n i e n t  to  d i s c u s s  them t o g e t h e r .

(1 )  BRECCIATION.

B r e c c i a t i o n  i s  c h i e f l y  s e e n  i n  g r a n i t e  and q u a r t z i t e  and 

o c c u r s  i n  z o n e s  c o n c e n t r i c  w i t h  t h e  edge o f  Hangwa ( t h e  two l o c a l i t i e s  

s o u t h  o f  Ragwe Bay ( p l a t e  3 5 ) ,  i n  i r r e g u l a r  p a t c h e s  ( e s p e c i a l l y  s o u t h  

o f  G ingo)  and  ro u n d  an  a g g lo m e r a t e  v e n t  ( a t  Rukungu) .

The c o u n t r y  r o c k  i s  s p l i t  i n t o  a n g u l a r  p i e c e s  whose s i z e  

v a r i e s  b e tw e e n  t h a t  o f  r o c k  f r a g m e n t s  10 cm a c r o s s  and p a r t s  o f  

i n d i v i d u a l  c r y s t a l s  ( p l a t e  3 6 ) .  O c c a s i o n a l l y  t h e  m a t r i x  i s  i r o n - s t a i n e d  

(RFP 7 3 ) ,  b u t  where  t h i s  i s  n o t  accom p an ied  by any m i n e r a l  a l t e r a t i o n s  

i t  i s  t h o u g h t  t o  be  an  e f f e c t  o f  w e a t h e r i n g .  The b r e c c i a t e d  q u a r t z i t e  

f rom w e s t  o f  t h e  Rukungu v e n t  (RF 3 ^ 0 )  shows m inor  dev e lo p m en t  o f  

f e l s p a r  i n t e r s t i t i a l l y  i n  n a r r o w  v e i n s  t h a t  a r e  a b o u t  . 1  mm a c r o s s ,  

b u t  t h e  f r a g m e n t s  a r e  o f  f r e s h  q u a r t z i t e ,  even  a t  t h e i r  e d g e s .  I t  

h a s  b e e n  s e e n  t h a t  a t  t h e  Rukungu v e n t ,  t h e  c o u n t r y  r o c k  i s  c o m p l e t e l y  

b r o k e n  up and i t s  f r a g m e n t s  r o u n d e d  b e f o r e  any a l t e r a t i o n  i s  i n d u c e d  

i n  i t .

(2 )  ALTERATION.

The main  m i n e r a l s  w hich  have  b e e n  i n t r o d u c e d  i n t o  t h e  c o u n t r y  

r o c k  d u r i n g  a l t e r a t i o n  a r e  a e g i r i n e ,  s o d i c  a m p h ib o le ,  newly  fo rm ed  

f e l s p a r  and  c a r b o n a t e .  Sphene  and a p a t i t e  c ry s ta lQ ize  o c c a s i o n a l l y .

The modes o f  o c c u r r e n c e  o f  t h e  main  g ro u p s  o f  m i n e r a l s  a r e  p r e s e n t e d
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Plate 33. Exposure of brecciated granite near 
Ragwe Bay.

Plate 3 6 . Crystal fragments of quartz and felspar 
in the matrix of the breccia. (under crossed 
polarisers). RF73 xl35»



Plate 3 7 , A band of slightly fenitised
amphibolite in the gulley south of Gingo

Plate 3 8 . Felspathic fenite near the carbonatite 
on Kiako. Both orthoclase and aegirine crystals 
can be seen on the surface.
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s e p a r a t e l y  and  t h e n  t h e  r e l a t i o n s  b e tw ee n  them a r e  c o n s i d e r e d .

( a )  AEGIRINE AND SODIC AI^IPHIBOLE.

The a e g i r i n e  i s  d a r k  g r e e n  and s l i g h t l y  p l e o c h r o i c .  I t  i s  

f i b r o u s  o r  c r y s t a l l i n e ,  and t h e  c r y s t a l s  t e n d  to  be c lo u d y .  They a r e  

n e v e r  z o n e d ,  a n d ,  from t h e i r  low X;c a n g l e ,  t h e y  must c o n t a i n  a  v e r y  

h i g h  p r o p o r t i o n  o f  t h e  a e g i r i n e  m o l e c u l e .

The s o d i c  am p h ib o le  i s  g e n e r a l l y  f i b r o u s .  IVhen i t  i s  

c r y s t a l l i n e  ( a s  i n  RFP 1 0 3 ) ,  t h e  c r y s t a l s  a r e  e l o n g a t e d  and l e n g t h  

f a s t .  B i r e f r i n g e n c e  i s  low,  and  t h e  m i n e r a l  ha s  an  a lm o s t  u n i a x i a l  

n e g a t i v e  i n t e r f e r e n c e  f i g u r e .  The e x t i n c t i o n  p o s i t i o n  i s  u n c l e a r ,  

b e c a u s e  o f  anom alous  b l u e ,  y e l l o w ,  g r e e n  and brown i n t e r f e r e n c e  

c o l o u r s ,  b u t  t h e  maximum X:c a n g l e  i s  i n  t h e  o r d e r  o f  26^ .  Maximum 

a b s o r p t i o n  i s  i n  t h e  X d i r e c t i o n ,  and t h e  p l e o c h r o i s m  i s : -  

X = b l u i s h  g r e e n ,  Y = p a l e  b l u i s h  g r e e n ,  Z = y e l l o w i s h  g r e e n .  The 

a m p h ib o le  i s  i d e n t i f i e d  a s  m a g n e s i o a r f v e d s o n i t e  o r  a r f v e d s o n i t e . I t  

i s  d i s t i n g u i s h e d  from most o t h e r  a m p h ib o le s  by i t s  X > Y > Z  a b s o r p t i o n ,  

and shows t h e  anom alous  b i r e f r i n g e n c e  c o l o u r s  o f  t h e  e c k e r m a n n i t e -  

a r f v e d s o n i t e  s e r i e s  (D e e r ,  Howie and Zussman 19^3 Volume 3 ,  pp 364 -  

3 7 3 ) .  The low 2 V and t h e  low X:c a n g l e  show t h a t  i t  b e l o n g s  t o  t h e  

a r f v e d s o n i t e  end o f  t h e  s e r i e s .

A e g i r i n e  and s o d i c  am p h ib o le  n o r m a l ly  o c c u r  t o g e t h e r ;  i n  

c o m p a r a t i v e l y  u n a l t e r e d  r o c k s  (RF 8 3 ) ,  t h e y  b o t h  form f i b r e s ,  w h ich  

grow o u t w a r d s  f rom v e i n s .  The v e i n s  may be s t r a i g h t  and a s  much a s  

1 cm a c r o s s ,  and  t h e y  som etim es  show c r o s s - c u t t i n g  r e l a t i o n s  (RFR 2 1 ) ,
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b u t  n o r m a l l y  t h e y  f o l l o w  t h e  c r y s t a l  b o u n d a r i e s  o f  t h e  h o s t  r o c k .  

G e n e r a l l y ,  t h e  p r o p o r t i o n  o f  b l u e  am ph ib o le  t o  a e g i r i n e  i s  l e s s  i n  

more a l t e r e d  r o c k s .  Where t h e  r o c k  i s  h i g h l y  v e i n e d ,  b u t  most  o f  t h e  

o r i g i n a l  m i n e r a l s  n e v e r t h e l e s s  s u r v i v e ,  as  i n  t h e  sp ec im ens  from 

Mbassa  (RFP 101 and  RFP 1 0 3 ) ,  b u n d l e s  o f  f i b r e s  o f  a e g i r i n e  have  c o r e s  

o f  b l u e  a m p h i b o l e ,  and t h e  f i b r e s  o f  t h e  l a t t e r  som etim es  g r a d e  

o u tw a rd s  i n t o  a e g i r i n e  ( p l a t e  3 9 ) .  I n  more a l t e r e d  sp e c im e n s ,  o n l y  a 

few f i b r e s  o f  b l u e  a m p h ib o le  a r e  mixed w i t h  t h e  a e g i r i n e ,  and  b l u e  

a m p h ib o le  may o c c u r  a t  t h e  t i p s  o f  r a d i a t i n g  f i b r e s  o f  a e g i r i n e  

(RF 8 0 ) .  I t  i s  p o s s i b l e  t h a t  much o f  t h e  e a r l y - f o r m e d  b l u e  am p h ib o le  

i s  c h an g ed  t o  a e g i r i n e  a s  a l t e r a t i o n  p r o c e e d s .  Sometimes t h e  f i b r e s  

r e c r y s t a l l i z e  i n t o  l a r g e r  p r i s m s  a s  i n  RFP 191,  o v e r  80% o f  w hich  i s  

p r i s m a t i c  a e g i r i n e ,  b u t  t h e  a e g i r i n e  may r e m a in  f i b r o u s  i n  r o c k s  

t h a t  c o n t a i n  l a r g e  amounts  o f  i t ,  a nd ,  a s  i n  RF 79 and RF 80,

( p l a t e  6 0 ) ,  a e g i r i n e  f i b r e s  r a d i a t e  from c o a l e s c i n g  c e n t r e s .

Q u a r t z  i s  t h e  m i n e r a l  most s u s c e p t i b l e  t o  a t t a c k  by a e g i r i n e  

and b l u e  a m p h i b o l e ,  and i t  i s  p e n e t r a t e d  and g r a d u a l l y  e n g u l f e d  by 

t i n y  f i b r e s  (RFP 103 ,  p l a t e  3 9 ) .  W hile  some f r e e  q u a r t z  s t i l l  r e m a i n s ,  

t h e  c e n t r e s  o f  t h e  h o r n b l e n d e s  a r e  c o n v e r t e d  to  f a r  s m a l l e r  c r y s t a l s  

o f  b l u e  a m p h i b o l e ,  w h ich  a r e  som etim es  a s s o c i a t e d  w i t h  p l a t e s  o f  

b i o t i t e  (RFP 11 2 ,  p l a t e  6 l ) .  D io p s id e  i s  a l s o  p a t c h i l y  r e p l a c e d  by 

b l u e  a m p h ib o le  (RFP 1 1 3 ) ,  and  b i o t i t e  i s  a l t e r e d  t o  a e g i r i n e  and  b lu e  

a m p h ib o le  a l o n g  i t s  c l e a v a g e s .



Plate 59. Sodic amphibole (pale fibres) and
aegirine (dark fibres) at the edge of a quartz 
crystal in fenite. (RPPlOl). x310.

Plate 60. Bundles of radiating_fibres of aegirine 
penetrating orthoclase in fenite. (RPSO). x80.
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(b )  FELSPAR.

The o r i g i n a l  f e l s p a r  i n  t h e  b asem en t  o n ly  u n d e rg o e s  

r e p l a c e m e n t  by  b l u e  a m p h ib o le  and  a e g i r i n e  t o  a  l i m i t e d  e x t e n t ,  

a l t h o u g h ,  a s  i n  RFP 8 l ,  f e l s p a r  may c o n t a i n  m in u te  i n c l u s i o n s  o f  

s o d i c  a m p h ib o le  w h ich  have  p a r a l l e l  o r i e n t a t i o n .  However, t h e  

c o m p o s i t i o n ,  t e x t u r e  and  c r y s t a l  s i z e  o f  t h e  f e l s p a r s  a r e  a l t e r e d  i n  

a  complex  s e r i e s  o f  c h a n g e s ,  some o f  w hich  a r e  c o n te m p o ran eo u s  w i t h  

t h e  i n t r o d u c t i o n  o f  a e g i r i n e  and  b l u e  a m p h ib o le ,  b u t  o t h e r  c h a n g e s  

may o c c u r  e i t h e r  b e f o r e  o r  a f t e r  t h e y  have  been  i n t r o d u c e d ,  an d ,  

l a t t e r l y ,  f e l s p a r s  t e n d  to  i n v a d e  and a l t e r  a l l  p r e v i o u s l y  fo rm ed 

c o n s t i t u e n t s  o f  t h e  r o c k .  The same se q u e n c e  o f  c h an ges  i s  n o t  

f o l l o w e d  i n  e v e r y  i n s t a n c e .

The p r e d o m in a n t  f e l s p a r s  i n  t h e  u n a l t e r e d  basem en t  a r e  

m i c r o c l i n e  and  p a r t l y  s e r i c i t i s e d  o l i g o c l a s e ;  t h e s e  a r e  som etim es  

i n t e r g r o w n ,  and  o c c a s i o n a l l y  p e r t h i t i c .  Whether  a e g i r i n e  and b l u e  

a m p h ib o le  a r e  p r e s e n t  o r  n o t ,  t h e  l a r g e s t  c r y s t a l s  o f  m i c r o c l i n e  b r e a k  

up ,  become c lo u d y  and l o s e  t h e i r  c h a r a c t e r i s t i c  t w i n n i n g  a t  an  e a r l y  

s t a g e .  T h is  h a p p e n s  p a t c h i l y ,  and  c r y s t a l s  may c o n s i s t  p a r t l y  o f  

t r u e  m i c r o c l i n e  and  p a r t l y  o f  u n tw in n e d ,  c lo u d y  p o t a s h  f e l s p a r  

(RFA 39) .  At t h e  same t i m e ,  a l b i t e  i s  e x s o l v e d  o u t  o f  t h e  m i c r o c l i n e ,  

so t h a t  t h e  f e l s p a r  may become c r u d e l y  p e r t h i t i c  (RFA 4o) ,  and b r o k e n  

up f r a g m e n t s  o f  p o t a s h  f e l s p a r  a r e  o f t e n  s u r r o u n d e d  by c l e a r  f e l s p a r  

o f  h i g h e r  r e l i e f ,  p r o b a b l y  a l b i t e ,  e s p e c i a l l y  when t h e y  bound on 

a e g i r i n e  (RFP 101 ,  p l a t e  6 2 ) .  The r i m s  a r e  u n tw in n e d ,  e x c e p t  where
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t h e y  a r e  w e l l  d e v e l o p e d ,  a s  i n  EFA 3 9 ,  when t h e y  show p o l y s y n t h e t i c  

t w i n n i n g .  At t h e  same t i m e ,  o l i g o c l a s e  c r y s t a l s  become s t r a i n e d  

o r  s h a t t e r e d  (RFP 1 8 3 ) ,  and  a l l  t w i n n i n g  f i n a l l y  d i s a p p e a r s  a s  m in u te  

c a r b o n a t e  c r y s t a l s  grow i n  t h e  m id d le  o f  t h e  a l r e a d y  s e r i c i t i s e d  

f e l s p a r .  The a l b i t i c  r im s  r o u n d  t h e  o l i g o c l a s e  r e m a in ,  and ,  

e s p e c i a l l y  when a e g i r i n e  i s  p r e s e n t ,  c l e a r  a l b i t e  p e n e t r a t e s  t h e  

o l i g o c l a s e  i n  i r r e g u l a r  b l o t c h e s  (RFP 103 ,  p l a t e  6 3 ) .  Through  t h e s e  

c h a n g e s ,  p a t c h e s  o f  q u a r t z  may s t i l l  s u r v i v e  w i t h i n  t h e  f e l s p a r  

(RFP l 8 4 ) ,  a l t h o u g h  i t  seems t h a t  f e l s p a r  must  a b s o r b  some q u a r t z  

a t  t h i s  s t a g e .  The above  p r o c e s s e s  e n t a i l  a  n e t t  g a i n  i n  a l b i t e  i n  

t h e  f e l s p a r s ,  and  a r e  n o r m a l ly  c l o s e l y  c o n n e c te d  w i t h  t h e  i n t r o d u c t i o n  

o f  a e g i r i n e  and  b l u e  a m p h ib o le .

The s e c o n d  c a t e g o r y  o f  f e l s p a r  a l t e r a t i o n  i s  e s s e n t i a l l y  a  

g r a n u l a t i o n  o f  l a r g e  f e l s p a r  c r y s t a l s ,  e i t h e r  o r i g i n a l  o nes  o r  

a l t e r a t i o n  p r o d u c t s ,  and  t h e i r  r e c r y s t a l l i z a t i o n  a s  a  m osa ic  o f  t i n y  

f e l s p a r s .  T h i s  p r o c e s s  i s  n o t  u n l i k e  t h e  breakdown o f  m i c r o c l i n e s  i n  

t h e  u n a l t e r e d  b r e c c i a  i n t o  a  jum ble  o f  t i n y  c l o s e l y - p a c k e d  f r a g m e n t s  

(RFP 6 ) ,  and  t a k e s  p l a c e  m a i n l y  a lo n g  t h e  edges  and c l e a v a g e  p l a n e s  

o f  l a r g e  f e l s p a r s  i n  r o c k s  t h a t  have  s u f f e r e d  a l t e r a t i o n .  The 

r e c r y s t a l l i z a t i o n  i s  g e n e r a l l y  p a t c h y ,  a s  i n  RF 8 3 , i n  w hich  l a r g e  

c r y s t a l s  o f  m i c r o c l i n e  a r e  p a r t l y  changed  to  f i n e - g r a i n e d  c lo u d y  

p o t a s h  f e l s p a r  w i t h  shadowy e x t i n c t i o n ,  b u t  i n  ex t re m e  c a s e s  (RFP I 8 I )  

a l l  t h e  o r i g i n a l  f e l s p a r  may be b r o k e n  down i n t o  d i r t y  l i t t l e  c r y s t a l s  

c o n t a i n i n g  s t r e a k s  o f  o r e ;  no a e g i r i n e  o r  s o d i c  a m p h ibo le  i s  p r e s e n t .
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and much o f  t h e  o r i g i n a l  q u a r t z  s u r v i v e s ,  a l t h o u g h  i t  i s  c u t  and 

s h a t t e r e d  by v e i n s  o f  f e l s p a r .

The t h i r d  t y p e  o f  a l t e r a t i o n  i n v o l v e s  a  r e o r g a n i z a t i o n  o f  t h e  

f e l s p a r  i n t o  l a r g e  homogeneous c r y s t a l s  and r e p l a c e m e n t  o f  o t h e r  

m i n e r a l s  i n  t h e  r o c k  by f e l s p a r .  I t  i s  n e a r l y  a lw ay s  one o f  t h e  l a t e r  

a l t e r a t i o n  p r o c e s s e s  i n  a  r o c k ,  so t h a t  t h e  m a t e r i a l  upon w hich  t h e  

p r o c e s s  h a s  a c t e d  was a l r e a d y  h i g h l y  a l t e r e d .  L a rg e  s u b h e d r a l  l a t h s  

o f  c lo u d y  p o t a s h  f e l s p a r ,  which  may be a  c e n t i m e t r e  l o n g ,  and show 

w e l l  d e v e l o p e d  s im p le  t w i n n i n g ,  c r y s t a l l i z e  (RFP l 6 l ,  p l a t e  6 4 ) .  

Som e t im es ,  s t r i n g e r s  o f  a e g i r i n e  showing s i m i l a r  o r i e n t a t i o n  i n d i c a t e  

t h a t  l a r g e  c r y s t a l s  o f  i t  had b e e n  i n t r o d u c e d  p r e v i o u s l y  have b e en  

p a r t l y  a l t e r e d  t o  f e l s p a r .  The a e g i r i n e  i s  g e n e r a l l y  v e ry  c lo u d y  

and a l t e r e d  t o  o r e  a lo n g  i t s  c l e a v a g e  p l a n e s  (RFP 64 and RFP l 6 l ,  

p l a t e  6 3 ) ,  and  s o d i c  a m p h ib o le  i s  se ldom  p r e s e n t .  L arge  

r e c r y s t a l l i z e d  f e l s p a r s  n o r m a l l y  form a f t e r  t h e  i n t r o d u c t i o n  o f  

a e g i r i n e ,  b u t  t h e  r e v e r s e  o c c a s i o n a l l y  o c c u r s .  In  RF 79 and RF 8 0 , 

r a d i a t i n g  f i b r e s  o f  a e g i r i n e  and b l u e  a m p h ib o le ,  which  compose o v e r  

60% o f  t h e s e  r o c k s ,  grow i n t o  p l a t e s  o f  p o t a s h  f e l s p a r  from 

c o a l e s c i n g  c e n t r e s  r a t h e r  t h a n  from v e i n s ,  which  may w e l l  mean t h a t  

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

b a s e m e n t ,  su c h  a s  h o r n b l e n d e .  Som etim es ,  t h e  f e l s p a r s  r e c r y s t a l l i z e  

and  a l t e r  t h e  o t h e r  m i n e r a l s  i n  a  r o c k  which  c o n t a i n s  no a e g i r i n e  

o r  b l u e  a m p h i b o l e .  I n  RFP 12 ,  l a r g e  c r y s t a l s  o f  o r t h o c l a s e  w i t h  

c l e a r  a l b i t i c  m a r g i n s  a r e  s u p e r im p o s e d  on t h e  o r i g i n a l  q u a r t z  and



k " : :

Plate 51. Small crystals of sodic amphibole 
within a hornblende crystal in fenite. 
(EFP112). xl55.

y

V
Plate 62. Albite which has grown within

microcline in fenite (under crossed polarisers). 
(RPPlOl). xl55.



Plate 65.
(black)
(HPP105). xl55-

Streaks of albite (grey) in oligoclase 
in fenite (under crossed polarisers).

i f ' . ' :
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iS H

Plate 64". 
fenite.

Twinned potash felspar in felspathic 
(RFP161). x25.



Plate 65- Cloudy aegirine, partly altered to ore 
and replaced by potash felspar in felspathic 
fenite. (EPP64). x25.

Plate 66. A phlogopite -crystal in a carbonated 
fenite. (RFP12). x80.
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m i c r o c l i n e ,  and  s m a l l  amounts  o f  brown o r e  a r e  p r e s e n t  w i t h  them, 

a l t h o u g h  i t  i s  u n c e r t a i n  i f  t h e  o r e  i s  a  w e a t h e r i n g  p r o d u c t .

Two dyke r o c k s  (RFP l 4 l  and RFP 130,  b o t h  from t h e  r i d g e  

b e tw e e n  Manga and  U s e n g e r e )  c o n s i s t  m a in ly  o f  f e l s p a r s .  RFP 130 

c o n t a i n s  l a r g e  c r y s t a l s  o f  c lo u d y  o r t h o c l a s e ,  som etim es  rimmed by 

c l e a r  a l b i t e ;  o f t e n  t h e  o r t h o c l a s e  i s  b r o k e n  down i n t o  a  m osa ic  o f  

t i n y  a n h e d r a l  c r y s t a l s  o f  f e l s p a r  w i t h  some i n t e r s t i t i a l  c a r b o n a t e ,  

and t h e  p o s i t i o n s  o f  t h e  o r i g i n a l  c r y s t a l  b o u n d a r i e s  a r e  p r e s e r v e d  

by s t r e a k s  o f  s m a l l  a l b i t e s  and c lo u d y  a e g i r i n e s .  Any l a r g e  f e l s p a r s  

w h ich  may have  e x i s t e d  o r i g i n a l l y  i n  RFP l 4 l  have d i s a p p e a r e d  e n t i r e l y ,  

and o n l y  v e r y  s m a l l  o r t h o c l a s e  c r y s t a l s ,  som etim es  showing s i m p le  

t w i n n i n g ,  and p a r t l y  a b s o r b e d  a e g i r i n e s  s u r v i v e .  These c o u ld  be 

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

( c )  CARBONATE.

The f o r m a t i o n  o f  s m a l l  c r y s t a l s  o f  c a r b o n a t e  w i t h i n  p l a g i o c l a s e  

d u r i n g  a l t e r a t i o n  h a s  b e e n  m e n t io n e d  a l r e a d y ;  more w i d e s p r e a d  

c a r b o n a t i o n  o c c u r s  i n  t h e  v i c i n i t y  o f  c a r b o n a t i t e  i n t r u s i o n s ,  and  

t h i s  c a r b o n a t e  i s  o f t e n  a s s o c i a t e d  w i t h  p h l o g o p i t e .  In  RFP 12 ,  v e i n s  

o f  s m a l l  c lo u d y  c a r b o n a t e  c r y s t a l s ,  which  i n c l u d e  p l a t e s  o f  p h l o g o p i t e  

l y i n g  p a r a l l e l  t o  t h e  e d g es  o f  t h e  v e i n s  ( p l a t e  6 6 ) ,  r u n  b e tw e e n  

f e l s p a r  c r y s t a l s  and  p e n e t r a t e  t h e i r  c l e a v a g e  p l a n e s .  Much o f  t h e  

o r i g i n a l  m i c r o c l i n e ,  o l i g o c l a s e  and q u a r t z  s u r v i v e  ( p l a t e  68 s h o w s ) ,  

and t h e r e  i s  no i n d i s c r i m i n a t e  deve lopm en t  o f  o r t h o c l a s e  a lo n g  t h e



Plate 6 7 . Carbonate veins in a rock consisting of 
orthoclase and aegirine. Much of thë aegirine is 
altered to ore. (RFP64-) . x80.

Plate 68. Carbonate penetrating and breaking up 
[uartz. The carbonate is associated witji ore. 
RPP12). x80.
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v e i n s ,  so  t h a t  t h e  i n t r o d u c t i o n  o f  c a r b o n a t e  n e ed  n o t  be c o n n e c t e d  

w i t h  r e c r y s t a l l i z a t i o n  o f  t h e  f e l s p a r s .  However,  c a r b o n a t e  i s  

n o r m a l l y  fo u n d  i n  r o c k s  i n  w h ich  p o t a s h  f e l s p a r  p r e d o m i n a t e s ;  i n  

RFP 64 and  RFP l 6 l ,  b o t h  o f  w h ich  were  c o l l e c t e d  from n e a r  t h e  K iako  

C a r b o n a t i t e ,  t u r b i d  f i n e - g r a i n e d  c a r b o n a t e  o c c u r s  i n t e r s t i t i a l l y  t o  

l a r g e  c r y s t a l s  o f  o r t h o c l a s e .  I t  r e p l a c e s  t h e  o r t h o c l a s e ,  and  p a t c h e s  

o f  f e l s p a r  w i t h  t h e  same o r i e n t a t i o n  s u r v i v e  s u r r o u n d e d  by c a r b o n a t e .  

Also t h e  r o c k  i s  i n v a d e d  by s e t s  o f  l a t e  c a r b o n a t e  v e i n s ,  w h ic h  c u t  

b o t h  t h e  f e l s p a r  and t h e  e a r l i e r  c a r b o n a t e  ( p l a t e  6 7 ) .

Wlien l a r g e  q u a n t i t i e s  o f  c a r b o n a t e  c u t  t h e  a l t e r e d  b a s e m e n t ,  

t h e y  a r e  n o r m a l l y  l a t e r  t h a n  a  n e tw o rk  o f  v e i n s  o f  n o n c r y s t a l l i n e  

r e d  m a t e r i a l  (RFP 8 4 ) .  A long  t h e  c o n t a c t ,  t h e  c a r b o n a t e  t e n d s  t o  

r e p l a c e  f e l s p a r  i r r e g u l a r l y ,  and  i t  i n c l u d e s  p a t c h e s  o f  c lo u d y  

o r t h o c l a s e ,  g e n e r a l l y  rimmed by c l e a r e r  a l b i t e .  S i n c e  many o f  t h e s e  

i n c l u s i o n s  a r e  s u b h e d r a l  c r y s t a l s ,  i t  i s  d o u b t f u l  w h e th e r  t h e y  

r e p r e s e n t  what  h a s  s u r v i v e d  a f t e r  w h o l e s a l e  r e p l a c e m e n t  by c a r b o n a t e .

(3 )  ILLATIONS BETVJEEi Î BRECCIATION, ALTERATION 
AND THE PLUTONICS.

B r e c c i a t i o n  and a l t e r a t i o n  o f  t h e  c o u n t r y  r o c k  n e e d  n o t  be 

a s s o c i a t e d  w i t h  any a l k a l i n e  p l u t o n i c s  a t  t h e  p r e s e n t  day e r o s i o n  l e v e l  

However,  when a l k a l i n e  p l u t o n i c s  a r e  p r e s e n t ,  t h e  b a sem e n t  i s  b o t h  

b r e c c i a t e d  and  a l t e r e d ;  so  b r e c c i a t i o n  p o s s i b l y  c a u s e d  l i n e s  o f  

w e ak ness  w h ich  p l u t o n i c s  and  t h e i r  accompanying  a l t e r a t i o n  f o l l o w e d  

p r e f e r e n t i a l l y .
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The i n t r o d u c t i o n  o f  a e g i r i n e  and b l u e  a m p h ib o le  i s  a lw a y s  

found  n e a r  t h e  i j o l i t e  (RFA 39 f rom  Sagurume and  RF 8$ f rom  

E k i a g a r i a ) ,  and w i t h  i t  t h e  f e l s p a r  i s  g e n e r a l l y  e n r i c h e d  i n  a l b i t e ,  

and so m e t im es  b r o k e n  down i n t o  s m a l l  c r y s t a l s  (RFP i B l )  t o  fo rm  

f e n i t e  a s  d e f i n e d  by S u t h e r l a n d  ( I 9 6 3 ) .  N ear  i n t r u s i o n s  o f  

c a r b o n a t i t e ,  l a r g e  p l a t e s  o f  t w i n n e d  o r t h o c l a s e  fo rm ,  any  m a f i c  

m i n e r a l s  t e n d  t o  b e  r e d u c e d  t o  n o n c r y s t a l l i n e  o r e  and  s m a l l  aiziounts 

o f  c a r b o n a t e  a r e  i n t r o d u c e d  (RFP l 4 l )  c a u s i n g  a  f e l s p a t h i c  f e n i t e  

( S u t h e r l a n d  I 9 6 3 ) t o  d e v e l o p .  L a rg e  f e l s p a r s  n o r m a l l y  form i n  a  

r o c k  t h a t  a l r e a d y  c o n t a i n s  a e g i r i n e ,  and on Kia lco , w here  c a r b o n a t i t e  

c u t s  n e p h e l i n e  s y e n i t e ,  i t  i s  r e a s o n a b l e  t o  s u p p o s e  t h a t  a e g i r i n e  

was i n t r o d u c e d  when t h e  n e p h e l i n e  s y e n i t e  was i n t r u d e d ,  and  t h a t  t h e  

c a r b o n a t i t e  was r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  l a r g e  c r y s t a l s  o f  

o r t h o c l a s e .  The s m a l l e r  c a r b o n a t i t e  d y k e s ,  m a i n l y  a t  l e a s t  two m i l e s  

o u t  from t h e  edge  o f  Rangwa, do n o t  c a u s e  s u c h  m arked  a l t e r a t i o n  i n  

t h e  f e l s p a r s .

From t h e s e  o b s e r v a t i o n s ,  i t  i s  p o s s i b l e  t o  d e d u ce  what  t y p e s  

o f  a l k a l i n e  p l u t o n i c s  may o c c u r  b e n e a t h  some a r e a s  o f  a l t e r e d  r o c k s  

where  no p l u t o n i c s  a r e  e x p o s e d .  For  e x a m p le ,  t h e  b a s e m e n t  v e i n e d  w i t h  

a e g i r i n e  and  b l u e  a m p h ib o le  on M bassa  i s  p r o b a b l y  u n d e r l a i n  by i j o l i t e ,  

and c a r b o n a t i t e  p r o b a b l y  e x i s t s  u n d e r  t h e  b a sem e n t  t h a t  c o n t a i n s  l a r g e  

o r t h o c l a s e  c r y s t a l s  on K ia w in d o .  The a l t e r a t i o n  i n  t h e  r o c k s  a t  t h e  

n o r t h e r n  m a r g in  o f  Rangwa may hav e  b e e n  c a u s e d  by  b o t h  i j o l i t e  and  

c a r b o n a t i t e .
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3 , STRUCTURE.

A. THE RELATIÜU BETWEEN THE PLUTONICS AljD DOMING.

The l a r g e  c e n t r a l l y  p l a c e d  i n t r u s i v e  complex c l e a r l y  shows 

b o t h  c o n c e n t r i c  and r a d i a l  s t r u c t u r e s .  The form and  d i s p o s i t i o n  o f  

t h e  o t h e r  a l k a l i n e  b o d i e s  w hich  o c c u r  b e tw ee n  Rangwa and t h e  

e n c i r c l i n g  v o l c a n i c  m o u n ta i n s  a r e  much more d i f f i c u l t  t o  a s s e s s ,  

owing to  w i d e s p r e a d  b l a n k e t i n g  by a l l u v i u m .  Where s e e n ,  how ever ,  t h e  

b o u n d a r i e s  o f  t h e s e  s m a l l e r  i n t r u s i o n s  do n o t  show a  r e g u l a r  p a t t e r n ,  

a l t h o u g h  t h e  i j o l i t e  o f  Sagurume and t h e  zones  o f  b r e c c i a t i o n  n e a r  

Ragwe Bay h i n t  a t  a  more r e g u l a r  a r r a n g e m e n t .

E v id e n c e  f o r  t h e  e x i s t e n c e  and e x t e n t  o f  a  ba sem en t  dome w i l l  

be p r e s e n t e d  more f u l l y  l a t e r  (pp 2^2 - 2 ^ 3  ) .  Here  i t  i s  o n ly  

n e c e s s a r y  t o  o b s e r v e  t h a t  i t s  e x i s t e n c e  can  be i n f e r r e d  from t h e  f a c t  

t h a t  t h e  j u n c t i o n  b e tw e e n  v o l c a n i c s  and basem en t  i s  ev e ry w h e re  up t o  

1 , 8 0 0  f t .  h i g h e r  on t h e  i n w a r d - f a c i n g  e r o s i o n  s c a r p s  t h a n  i t  i s  

a ro u n d  t h e  p e r i p h e r y  o f  t h e  v o l c a n o .  M oreover ,  t h e  dome i s  d i s p o s e d  

f a i r l y  s y m m e t r i c a l l y  a ro u n d  t h e  Rangwa c e n t r e ,  s u g g e s t i n g  t h a t  t h e  

a s s o c i a t i o n  i s  n o t  f o r t u i t o u s ,  b u t  t h a t  doming was r e l a t e d  t o  

c e n t r a l  i g n e o u s  a c t i v i t y .

T here  i s  e v i d e n c e  t h a t  doming o c c u r r e d  b e f o r e  t h e  main 

v o l c a n i c  a c t i v i t y  ( c f .  Napak,  King 1949,  pp 13 -  l 6 ) .  The p r o x i m i t y  

o f  t h e  Kialvo C a r b o n a t i t e  t o  t h e  j u n c t i o n  be tw ee n  t h e  v o l c a n i c s  and 

b a sem e n t  s u g g e s t s  t h a t  c o n s i d e r a b l e  e r o s i o n  o c c u r r e d  b e f o r e  t h e  

e r u p t i o n s  o f  n e p h e l i n i t e .  M oreover ,  t h e  d i p s  o f  t h e  c o n g l o m e r a t e s
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n e a r  t h e  b a s e  o f  t h e  s u c c e s s i o n  on H u s in g a  and Mfwangano, and  o f  

t h e  s u c c e s s i v e  o u t p o u r i n g s  o f  n e p h e l i n i t e  l a v a  on t h e  m a i n l a n d  a r e  

GO low t h a t  u n l e s s  a  p r e - e x i s t i n g  dome i s  p o s t u l a t e d  t h e r e  would have  

b e e n  no g r a d i e n t  t o  m a i n t a i n  o u tw a rd  f lo w .

B. THE STRUCTURE OF THE CENTRAL GQMPL5X.

The o u t e r  b o u n d a ry  o f  t h e  c e n t r a l  complex d i p s  o u t w a r d s ,  

p r o b a b l y  a t  a  h i g h  a n g l e ,  and i t  forms a  smooth c u r v e .  T h ree  main 

t y p e s  o f  s t r u c t u r e  o c c u r  w i t h i n  t h e  c e n t r a l  com plex ,  a l l  o f  which  

can  be r e l a t e d  t o  a  c e n t r e  a b o u t  a  q u a r t e r  o f  a  m i l e  w i t h i n  t h e  

b o u n d a ry  w i t h  t h e  p y r o c l a s t i c s : -

1 .  S t r u c t u r e s  w i t h  s t e e p  o u tw a rd  d i p s .

2 .  S t r u c t u r e s  t h a t  d i p  i n w a r d s ,  m o s t ly  b e tw e e n  40^ and  2 3 ° .

3" V e r t i c a l  r a d i a l  s t r u c t u r e s .

The f i r s t  t y p e  i s  found  o n l y  i n  t h e  m a r g i n a l  f i n e - g r a i n e d  i j o l i t e ,  

and i s  r e p r e s e n t e d  by d i f f u s e  b a n d in g .  The o t h e r s  o c c u r  t h r o u g h o u t  

t h e  r e s t  o f  t h e  com plex .  Towards t h e  m a r g in s  o f  t h e  complex ,  t h e  

i n w a r d - d i p p i n g  s t r u c t u r e s  a r e  c o n e s h e e t s  o f  i j o l i t e ,  w hich  c u t  

i j o l i t e  t u r j a i t e  o r  u n c o m p a h g r i t e ; f a r t h e r  i n  t h e y  a r e  r e p r e s e n t e d  

by c o m p o s i t i o n a l  and t e x t u r a l  b a n d in g  i n  t h e  u n c o m p a h g r i t e  ( F i g u r e  1 0 ) .  

B o th  c o n e s h e e t s  and  t h e  b a n d i n g  have  s i m i l a r  d i p s .  The v e r t i c a l  

p l a n e s  a r e  g e n e r a l l y  dyk es  o f  c o a r s e  i j o l i t e  o r  t u r j a i t e ,  and 

som e t im es  d i f f u s e  m a s se s  o f  c o a r s e  u n c o m p a h g r i t e .

The o u tw a rd  form and i n t e r n a l  s t r u c t u r e s  o f  t h e  complex
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s u g g e s t  t h a t  o n l y  a  s m a l l  p a r t  o f  a  v e r y  mucn l a r g e r ,  d o n e - s h a p e d  

mass o f  p l u t o n i c s  s u r v i v e s .  The o u t w a r d - d i p p i n g  s t r u c t u r e s  have  

t h e  a p p e a r a n c e  o f  f l o w - b a n d i n g .  The i n w a r d - d i p p i n g  s t r u c t u r e s  can  

be p r o j e c t e d  t o  a  f o c u s  2 , 0 0 0  -  3 , 0 0 0  f t .  b e lo w  t n e i r  p r e s e n t  l e v e l  

o f  o u t c r o p ,  o r  1 , 3 0 0  -  2 , 3 0 0  f t .  ab ove  s e a  l e v e l .  The r o c k s  w i t h  

i n w a r d - d i p p i n g  and  r a d i a l  v e r t i c a l  s t r u c t u r e s  a r e  o n l y  s e p a r a t e d  

from t h o s e  w i t h  o u t w a r d - d i p p i n g  b a n d in g  by a  n a r r o w  and i r r e g u l a r  

none o f  i j o l i t e  and  t u r j a i t e  which  h a s  s w i r l i n g  f lo w  t e x t u r e s .  I t  

can  t h e r e f o r e  be  assum ed t h a t  t h e  i j o l i t e  c o n e s h e e t s  and t h e  

c o m p o s i t i o n a l  b a n d i n g  i n  t h e  u n c o m p a h g r i t e  were b o t h  s u p e r i m p o s e d  on 

t h e  e a r l i e r  f l o w - b a n d i n g .

4 .  THE uKHESIS OF THE ALICALIIÆ PLUTONICS.

A. THE CENTRAL COFiPLgv.

D e d u c t i o n s  a r e  made c o n c e r n i n g  t h e  o r i g i n s  o f  t h e  r o c k s  o f  

t h e  c e n t r a l  com plex  from t h e s e  l i n e s  o f  e v i d e n c e

1 .  F i e l d  r e l a t i o n s  and m i n e r a l  p a r a g e n e s e s .

2 .  C hem ica l  e v i d e n c e .

3 .  P h a se  r e l a t i o n s .

(1 )  FIELD 3E1A3I0NE Ai-ID KIEBRAL PAEAGENESES.

The b i o t i t e  p y r o x e n i t e  and  b i o t i t e  u n c o m p a h g r i t e  b o t h  c o n t a i n  

t h e  same a s s e m b la g e  o f  m in o r  c o n s t i t u e n t s ,  p r e d o m i n a n t l y  m a g n e t i t e ,  

p e r o v s k i t e ,  b i o t i t e  and  a p a t i t e .  Where p y r o x e n e  and m e l i l i t e  o c c u r
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together, the pyroxene is normally enclosed by the melilite and is 

frequently embayed by it. Occasionally, melilite replaces pyroxene 

almost entirely, but causes no alteration products to form around 

the pyroxene.

tJhen nepheline is present, the pyroxene and melilite, and, 

except for apatite, all the minerals that are associated with them 

are either altered or replaced. Pyroxene is partly replaced by 

nepheline, and, except in some of the fine-grained melteigites, the 

pyroxene is zoned and more aegirine-rich, especially at its margins, 

than that of the pyroxenite and uncompahgrite; frequently it is 

ringed by fibres of aegirine and sodic arnphibolte. Melilite undergoes 

partial replacement by nepheline and become riimed by fibres of 

cebollite, which penetrates along the crystal boundaries and cleavage 

cracks of the melilite. The ijolites normally contain melanite, and 

a few carry small amounts of magnetite, perovskite and biotite, 

which are enclosed and partly replaced by melanite. Melanite 

sometimes forms within and along the margins of pyroxenes. When 

biotite occurs in the ijolites, it is generally paler and more 

phlogopitic than the biotite of the uncompahgrites. Sphene and 

wollastonite both occur in the ijolites, especially the ones richest 

in nepheline, and neither were found in the pyroxenite or 

uncompahgrite (Figure 8).

Except for the formation of pale brown melanite in some of 

the altered uncompahgrite, these mineral changes only occur when
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neplieline is present, and they are never reversed. This implies 

that at any one place neplieline crystallized from nev/ material which 

v/as introduced during or after the crystallization of pyroxene and 

melilite and their typical accessories.

All the dykes and conesheets of the central complex, which 

have intrusive contacts and chilled margins, are of nepheline-bearing 

rocks, v/iiich frequently carry bio tit e of fragmental appearance. 

Several stages of dykes and conesheets were found, which oiten show 

crosscutting relations, and they intrude ijolite, turjaite and 

uncompahgrite. Along their edges, there is extensive melanitisation, 

and the pyroxenes in the rocks they intrude become more aegirine-rich 

along the contact.

.Iny explanation for the nonoccurrence of ijolite dykes and 

conesheets towards the centre of the complex must be tentative, as 

the present outcrop pattern is such that none of the intrusions of 

ijolite can be followed inwards, since exposures, although numerous, 

are isolated. But from the evidence of field relations and 

mineralogy, it appears that both the ijolite conesheets and dykes 

and the banded uncompahgrite are imposed on an earlier intrusion, 

part of which survives in the marginal melteigites.

Because of the replacement relationship between pyroxene and 

melilite, it is thought that the central part of this earlier 

intrusion was originally composed mainly of pyroxenite, and that 

uncompahgrite was formed metasomatically from it. On the grounds
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o f  t h e  r e l a t i o n s  b e tw e e n  t h e  m i n e r a l s  o f  p y r o x e n i t e  and 

u n c o m p a h g r i t e ,  f e m p le  and  Grogan  ( I 9 6 5 ) s u g g e s t  t h a t  t h e  

u n c o m p a h g r i t e  o f  I r o n  h i l l ,  C o l o r a d o ,  o r i g i n a t e d  by a s i m i l a r  form 

o f  m e t a s o m a t i c  r e p l a c e m e n t  f rom p y r o x e n i t e .

The s t r u c t u r a l  u n i t y  o f  t h e  i j o l i t e  i n t r u s i o n s  and t h e  

banded  u n c o m p a h g r i t e  i m p l i e s  t h a t  t h e y  a r e  r e l a t e d  phenomena,  and  i t  

i s  p o s s i b l e  t h a t  b o t h  r e s u l t e d  from t h e  i n t r u s i o n  o f  t h e  same 

m a t e r i a l ,  w h ich  c a u s e d  m e ta s o m a t i s m  c e n t r a l l y ,  b u t  g a v e  r i s e  t o  

dykes and  c o n e s h e e t s  m a r g i n a l l y .

(2 )  CHEklGAL EVIDENCE.

E i g h t  an a l y s e s  o f  u n c o m p a h g r i t e , t u r j a i t e and  ro ck s  0 f t h e

i j o l i t e s e r i e s from t h e c e n t r a l complex a r e  p r e s e n t e d : -

A h A u a a s

RFA 14 HFA 15 HFA 16 RFA 26 RFA 34 RFA 36 RFA 39 RF2 17

SiO^ 3 4 .4 7 3 2 .8 4 3 5 . 7 6 3 4 . 0 5 3 8 .8 9 37 .01 3 7 . 7 0 3 2 . 6 3
TiO^ 0 . 2 8 6 . 6 1 5 . 0 6 4 . 7 4 3 . 1 1 4 . 5 0 0 .3 7 4 . 0 5
A1 0 1 6 . 4o 4 . 7 8 6 . 2 8 4 . 2 9 17.35 16 .84 2 8 .3 6 11 .42

6 . 0 2 8 . 5 4 7 . 9 c 7 .9 8 4 . 9 3 8 .0 8 1 .6 9 7 . 9 7
FeO 3 . 5 9 7 .2 4 6 . 3 4 5 . 7 1 3 . 5 6 2 .40 0 . 8 7 6 .22
NinO 0 . 0 5 0 . 1 3 0 . 1 5 0 . 0 6 0 .12 0 .12 0 . 0 6 0 . 1 7
MgO 3 . 7 5 8 . 9 3 9 . 0 5 9 . 5 9 5 .70 l . 4o 0 . 9 2 6 . 8 3
CaO 1 5 . 3 0 26.48 2 3 . 4 9 2 9 . 3 1 12.11 1 6 .1 2 8.33 2 0 .7 9
Na^O 7 . 0 8 2 .0 6 2 . 6 0 1 . 7 0 7 . 9 1 7 . 9 4 12.20 4 . 7 0
Ig o 2.88 0 .6 4 1 .46 0 .2 4 4 .4 2 3 . 0 8 3 . 1 8 2 . 8 5
H20+ 0 . 5 6 0 . 4 5 0 . 4 l 1 . 1 5 0 .40 0 . 9 8 1 . 4 7 0 . 6 2
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RFA 14 RFA 13 RFA l 6  RFA 26 RFA 34 RFA3& 39 jü?2 :E7

0. 08 O.Oo 0 .0 7  0 .0 8 0 .0 7 0 . 1 2 0 . 1 2 0 .0 9
0 . 83 0 . 3 0 1 .4 1  0 . 0 4 1 . 3 6 0 .6 6 1 . 8 0 1 . 0 92 3

CO^ 0 . 23 0 . 2 8 0 .2 6  0 .2 7 0 . 2 4 0 . 9 1 0 . 7 6 0 . 3 6

99 . 32 9 9 .3 6 100 . 2 4  99 . 2 1  1 0 0 .1 9  ;100 .16 1 0 0 .2 3 9 9 .7 9

NORMATIVE 'COWOBITIONS

Hï ’A14 RFA13 RFAI6 RFA26 SFA34 XÎFA36 RFA39 R F g 2

A n o r t h i t e 7 . 8 7 1 . 8 9 1 . 1 4 3 . 3 4 - 1 . 2 0 7 . 2 0 1 . 8 3

L e u c i t e 1 0 .5 9 2 . 9 6 6 . 7 6 1 .1 3 2 0 .3 3 1 4 . 3 0 3 . 9 3 1 3 . 2 1

K a l i o p h i l i t e - - - - - - 1 3 . 1 0 -

N epl ie l ine 3 2 . 4 4 9 . 4 3 1 1 .9 0 7 . 7 3 3 4 . 9 1 3 6 . 3 5 3 3 .3 9 2 1 .5 8

Acm i te - - - - 2 . 1 2 — - -

D io p s id e 1 3 .4 1 2 2 .7 7 3 0 .3 7 2 2 . 9 2 7 . 4 3 7 . 3 4 - 1 . 3 1
W o l l a s t o n i t e - - - - - 1 2 .9 6 - -

O l i v i n e 2 . 2 1 8 . 2 3 3 . 9 9 9 . 3 3 7 . 3 3 - 1 . 6 0 1 1 . 4 0

2 CaO SiO^ 9 .0 8 2 9 . 4 4 2 0 .3 3 3 4 . 2 4 1 2 . 4 4 6 .8 1 3 . 7 9 2 7 .6 3
M a g n e t i t e - 4 . 3 7 6 .3 3 4 . 8 3 2 . 8 3 - 1 . 3 8 0 . 8 6

H a e m a t i t e 6 . 0 2 3 . 4 2 3 . 6 0 4 . 6 6 2 .2 3 8 .0 8 0 . 6 6 1 . 8 4

l im e n i t e 7 . 6 9 1 2 .3 6 9 . 6 1 9 . 0 1 3 . 8 2 3 . 3 2 1 .0 8 1 . 6 9
A p a t i t e 1 . 9 4 1 . 1 1 3 . 3 3 0 . 1 0 3 . 2 2 1 .3 8 4 . 2 7 2 . 3 9
C a l c i t e 0 . 3 2 0 . 6 4 0 .3 9 0 . 6 1 0 .3 3 2 .0 7 1 .7 3 0 . 8 2
P e r o v s k i t e 7 . 2 0 - - - - 2 .8 8 - -

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

A n a l y s t  -  Mr. H. L lo y d .

RFA l 4 .  T u r j a i t e  from t h e  c e n t r a l  p l u t o n i c  com plex ,

RFA 13.  B i o t i t e  u n c o m p a h g r i t e  from t h e  c e n t r a l  p l u t o n i c  com plex .

RFA l 6 .  P y r o x e n e - r i c h  u n c o m p a h g r i t e  from t h e  c e n t r a l  p l u t o n i c  complex,  

RFA 26,  B i o t i t e  u n c o m p a h g r i t e  from t h e  c e n t r a l  p l u t o n i c  com p lex .
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RFA 3 4 . I j o l i t e  from a  c o n e s h e e t  i n  t h e  c e n t r a l  p l u t o n i c  com p lex .

RFA 3 6 . I j o l i t e  f rom Sagurum e.

RFA 39* U r t i t e  from S a g u ru m e .

RF217* B i o t i t e  u n c o m p a h g r i t e  from t h e  c e n t r a l  p l u t o n i c  com p lex .

T h is  s p e c im e n  p o s s i b l y  c o n t a i n s  some n e p l i e l i n e ,  t h o u g h  i t  was n o t  

o b s e r v e d  i n  t h i n  s e c t i o n .

The norms o f  t h e s e  have  b e e n  c a l c u l a t e d ,  and t h e  c h e m i c a l  

c o n s t i t u e n t s  have  b e e n  p l o t t e d  on t h e  t r i a n g u l a r  d i a g r a m ;  -  S iO ^” 

Al^O^, Na^O and  K^O -  CaO, MgO, and  FeO ( F i g u r e  1 1 ) .

Much o f  what  t h e  a n a l y s e s  show i s  t o  be e x p e c t e d  from t h e  

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

t h a n  i n  t h e  i j e l i t e s ,  and t h a t  i n  t h e  t u r j a i t e  i s  i n t e r m e d i a t e .  The 

m ag n e s ia  c o n t e n t  v a r i e s  w i t h  t h e  p r o p o r t i o n  o f  p y r o x e n e  p r e s e n t ,  so  

t h a t  t h e  t u r j a i t e  c o n t a i n s  l e s s  m a g n e s i a  t h a n  t h e  u n c o m p a h g r i t e s  and 

some o f  t h e  i j o l i t e s .  The i j o l i t e s  and  t u r j a i t e  c o n t a i n  f a r  more 

a lu m in a ,  s o d a  and p o t a s h  t h a n  t h e  u n c o m p a h g r i t e .  The u n c o m p a h g r i t e s  

t e n d  t o  c o n t a i n  l e s s  s i l i c a  t h a n  t h e  i j o l i t e s ,  b u t  a  d a r k e r  d i a g r a m  

shows t h a t  am ounts  o f  none o f  t h e  o t h e r  m i n e r a l s  i n  t h e  r o c k s  

a n a l y s e d  show any r e c o g n i z a b l e  t r e n d s  when p l o t t e d  a g a i n s t  s i l i c a  

c o n t e n t .

The p r e s e n c e  o f  m e l i l i t e  i s  r e f l e c t e d  i n  t h e  norms o f  t h e  

u n c o m p a h g r i t e s  by  t h e  p r e s e n c e  o f  c a l c i u m  o r t h o s i l i c a t e  and l e s s e r  

amounts o f  o l i v i n e .  The i j o l i t e s  c o n t a i n  h i g h  n o r m a t i v e  n e p l i e l i n e ,  

and t h e  n o r m a t i v e  n e p h e l i n e  i n  t h e  u n c o m p a h g r i t e s  p r o b a b l y  r e s u l t s  

from t h e  s o d a  m e l i l i t e  component  o f  t h e  m e l i l i t e .  N o rm a t iv e  l e u c i t e



1. TURJAITE FROM NAPAK (KING 1965)

2 . A THIN SECTION OF THIS SPECIMEN CONTAINS NO NEPHELINE, 
BUT THE ANALYSIS SUGGESTS THAT NEPHELINE MAY HAVE BEEN PRESENT 
IN ANOTHER PART OF THE SPECIMEN.

3 . PYROXENE-RICH UNCOMPAHGRITE.

SiO,

MELILITES
GEHLENITE

FIELD COVERED BY ROCKS O F  
THE IJOLITE SERIES 

FROM NAPAK AND 
BUDEDA.
AKERMANITE

KjO-NOjO-AljOg C a  O-M  g O -F e  O

UNCOMPAHGRITE INCLUDING 2 ANALYSES 
PRESENTED BY McCALL (1958).

T U R JA ITE .

MELTEIGITE,  I J O L I T E  AND URTITE.

FIGURE DIAGRAM SHOWING THE RELATIVE
AMOUNTS O F  SIO^ . K ^ O - N a ^ O - A ^ O g  AND C a O -  
M g O -F cO  IN ROCKS ANALYSED FROM THE C E N T R A L  
PLUTONIC C O M P L E X .
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and k a l i o p h i l i t e  r e s u l t  from t h e  b i o t i t e  i n  t h e  u n c o m p a h g r i t e  and 

p o t a s h  i n  t h e  n e p h e l i n e  o f  t h e  i j o l i t e s .  The n o r m a t i v e  d i o p s i d e  

o f  t h e  u n c o m p a h g r i t e s  i s  f a r  h i g h e r  t h a n  t h a t  o f  t h e  i j o l i t e s ,  

p o s s i b l y  b e c a u s e  i t  i n c l u d e s  some o f  t h e  l im e  and m a g n e s i a  from t h e  

m e l i l i t e .  High n o r m a t i v e  i l L i e n i t e  o r  p e r o v s k i t e  i n  most  o f  t h e  r o c k s  

i s  a r e f l e c t i o n  o f  h i g h  t i t a n i a  c o n t e n t ,  i l n o r t h i t e  a p p e a r s  i n  t h e  

norms, b u t  n e v e r  i n  t h e  m odes .

On t h e  SiO^ -  Al^O^, Na^O, K^O -  CaO, MgO, FeO d i a g r a m ,  t h e  

a n a l y s e s  p l o t  a l o n g  a  c u r v e d  p a t h  d i v e r g i n g  from t h a t  o f  t h e  

p y r o x e n i t e s  and  i j o l i t e s  f rom hapale and  Budeda (King I 9 6 3 , F i g u r e  9, 

and F i g u r e  11 o f  t h i s  w o r k ) .  The p y r o x e n e - r i c h  u n c o m p a h g r i t e  f rom 

Rangwa p l o t s  c l o s e  t o  t h e  p y r o x e n i t e s  f rom E a s t e r n  Uganda,  b u t  b e lo w  

th e  n e p h e l i n e - d i o p s i d e  j o i n ,  t h e  n o rm a l  u n c o m p a h g r i t e s  p l o t  c l o s e  t o  

th e  m e l i l i t e  f i e l d  on t h e  d i a g r a m ,  and t u r j a i t e  p l o t s  n e a r e r  t o  t h e  

Na^O, K^O, Al^O^ c o r n e r  t h a n  t h e  u n c o m p a h g r i t e s .  The t r e n d  o f  t h e  

p l o t s  s u g g e s t s  t h a t  t h e  p a r e n t  member o f  t h e  s e r i e s  had  a  c o m p o s i t i o n  

a p p r o x i m a t i n g  to  t h a t  o f  a  p y r o x e n i t e .

I j o l i t e s  o f  a  v e r y  w ide  r a n g e  o f  m i n e r a l  c o m p o s i t i o n s  o c c u r  

( F ig u r e  6 ) .  I f  more a n a l y s e s  o f  them were  a v a i l a b l e ,  i t  seems t h a t  

th ey  w ould  p l o t  a l o n g  t h e  d i o p s i d e - n e p h e l i n e  j o i n .  Thus two s e r i e s  

a r e  p r e s e n t .  K ing  (19 6 3 ,  p 8 3 ) h a s  s u g g e s t e d  t h a t  t h e  l i n e a r  form 

of  t h e  t r e n d  o f  t h e  i j o l i t e  s e r i e s  " s u g g e s t s  t h e  p re d o m in a n c e  o f  a 

s i n g l e  p r o c e s s "  and  t h e  c l o s e  r e l a t i o n  o f  t h e  t r e n d  t o  t h e  f i e l d s  o f  

m i n e r a l  p h a s e s  i n d i c a t e  t h a t  t h e  e v o l u t i o n  o f  t h e  i j o l i t e  s e r i e s  h a s
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"been  d e p e n d e n t  on s e q u e n c e s  o f  c r y s t a l l i z a t i o n  o f  m i n e r a l s " .  I t  

i s  l i k e l y  t h a t  t h e  c u r v e d  t r e n d  o f  t h e  u n c o m p a h g r i t e  and t u r j a i t e  

was c a u s e d  by m e t a s o m a t i c  r e p l a c e m e n t  from p y r o x e n i t e .

(3 )  PHASE RELiiTIOHS.

Most o f  t h e  c h e m i c a l  com ponen ts  o f  t h e  r o c k s  o f  t h e  i j o l i t e  

s e r i e s  can  be r e p r e s e n t e d  a s  m i x t u r e s  o f  n e p h e l i n e  and d i o p s i d e  

( F i g u r e  1 1 ) ,  and  i t  seems t h a t  s i m p le  f r a c t i o n a l  c r y s t a l l i z a t i o n  

o f  n e p h e l i n e  and  p y r o x e n e  c o u l d  a c c o u n t  f o r  t h e  r e l a t i o n s  b e tw e e n  t h e  

two m i n e r a l s  i n  t h e  i j o l i t e s .

The u n c o m p a h g r i t e s  and  t u r j a i t e s  c a n  a l s o  be r e l a t e d  t o  

m i x t u r e s  o f  n e p h e l i n e  and d i o p s i d e .  Bowen (1928 ,  1936 e d i t i o n ,  

pp 260 -  2 6 3 ) d e s c r i b e s  t h e  p s e u d o b i n a r y  s y s t e m ,  d i o p s i d e - n e p h e l i n e .

At a l l  c o m p o s i t i o n s  l i q u i d  s u r v i v e s  to  low t e m p e r a t u r e s ,  and t h e  

c r y s t a l s  w h ich  have  fo rm ed a.t h i g h e r  t e m p e r a t u r e s  r e a c t  w i t h  t h e  

l i q u i d ;  a t  t e m p e r a t u r e s  b e lo w  1 200 ° m e l i l i t e  i s  formed t h r o u g h o u t  

most o f  t h e  c o m p o s i t i o n  r a n g e ,  t o g e t h e r  \ / i t h  e i t h e r  d i o p s i d e ,  o l i v i n e  

or  o l i v i n e  and n e p h e l i n e . The r e s u l t  i s  t h a t  c r y s t a l  p h a s e s  form w h ich  

a re  much p o o r e r  i n  s i l i c a  t h a n  t h e  o r i g i n a l  m e l t  t o g e t h e r  w i t h  a 

l i q u i d  w hich  i s  r i c h e r  i n  s i l i c a .  The m e l i l i t e  fo rm ed by t h e s e  

r e a c t i o n s  i s  a  sod ium  m e l i l i t e  w i t h  a r e f r a c t i v e  i n d e x  o f  abo u t  

1 . 6 3 0 , e i t h e r  p o s i t i v e ,  o r  n e g a t i v e , a lw a y s  w i t h  low b i r e f r i n g e n c e  o r  

i s o t r o p i c ,  n o t  u n l i k e  t h e  m e l i l i t e  o f  t h e  u n c o m p a h g r i t e  and t u r j a i t e .

These  r e s u l t s  have  s e v e r a l  a p p l i c a t i o n s  when t h e  o r i g i n  o f  t h e
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uncompahgrite is considered; they show that melilite will 

crystallize under certain conditions from a wide range of mixtures 

of end-meriibers of the compositions of nepheline and diopside, that 

diopside, melilite and nepheline do not crystallize simultaneously 

in any part of the system, and that a mineral can crystallize which 

is less siliceous than either of the end-memcers of the system- It 

is suggested that the uncompahgrite and turjaite were formed by a 

mixing of pyroxenite and melteigite which had already formed v/ith a 

liquid from which nepheline would crystallize- If the melilite was 

formed in this way, the more siliceous residual liquid must have been 

removed.

B. THE FEITITEB AND FELSPAR ROCKS.

There are two distinctive types of altered country rock, 

the fenites and felspar rocks. Sometimes there are gradational 

varieties, and sometimes the latter is superimposed on the former. 

Generally it can be established that the country rock before alteration 

was granitic.

In the fenites, aegirine and sodic amphibole have crystallized, 

and much of the felspar has recrystallized. The aegirine and sodic 

amphibole occupy distinct veins, which may be at least a centimetre 

across, as well as occurring along the edges of the minerals of the 

granite, and penetrating them, especially the quartz, in small fibres. 

In more altered rocks, the proportion of sodic amphibole becomes less.
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and t h e  c r y s t a l s  o f  a e g i r i n e  grow l . . r g e r . A l b i t e  t e n d s  to  form i n  

b o t h  t h e  i . i i c r o c l i n e  and o l i g o c l a s e  o f  t h e  ba sem e n t  when t h e y  a r e  

c l o s e  t o  t h e  s o d i c  f e r r o i n a g n e s i a n s . The v e i n s  a r e  p r e s u m a b ly  t h e  

p a t h s  a l o n g  w h ich  t h e  m a t e r i a l  v/hich c a u s e d  t h e  m i n e r a l  i n t r o d u c t i o n s  

and r e c r y s t a l l i z a t i o n s  moved. S i n c e  t h e  r o c k  t h a t  h a s  b e e n  a l t e r e d  

was n o r m a l l y  l e u c o c r a t i c ,  b o t h  i r o n  and m a g n e s i a  must  have  b e e n  

i n t r o d u c e d  t o  form t h e  f e r r o r n a g n e s i a n  m i n e r a l s .  As s o d i c  p y r o x e n e  

and a m p n ib o le  and a l b i t e  have fo rm ed ,  s o d a  must  have  b e e n  i n t r o d u c e d  

a l s o .  T h i s  p r o c e s s  i s  s i m i l a r  t o  t h e  f e n i t i s a t i o n  d e s c r i b e d  oy von 

Eckermann (1 9 4 8 ,  pp 27 -  43)  a t  A l n o , and by G ar  so n  and Gaiupbell  S m i th  

a t  C h i lw a  (1938  pp l 4  -  2 3 ) .

When f e l s p a r  r o c k s  d e v e l o p ,  l a r g e  e u h e d r a l  o r  s u b h e d r a l  c r y s t a l s  

o f  homogeneous p o t a s h  f e l s p a r  a r e  formed from any f e l s p a r s  w h ich  

were i n  t h e  r o c k  p r e v i o u s l y  ( c f .  G a rson  and C am pbe l l  S m i th  1938 ,  

p 2 8 ) .  Vfliere f e l s p a t h i s a t i o n  a f f e c t s  r o c k s  w h ich  a l r e a d y  c o n t a i n e d  

a e g i r i n e , i t  i s  p a r t l y  r e p l a c e d  by f e l s p a r  and p a r t l y  c o n v e r t e d  t o  o r e .  

V a r i a b l e  q u a n t i t i e s  o f  c a r b o n a t e  a r e  i n t r o d u c e d ,  b o t h  i n t e r s t i t i a l l y  

and r e p l a c i n g  t h e  f e l s p a r  and  a e g i r i n e .  N o rm a l ly ,  t h e r e  i s  no 

e v id e n c e  o f  m o b i l i s a t i o n ,  e x c e p t  p o s s i b l y  i n  two dykes  composed 

p r e d o m i n a n t l y  o f  p o t a s h  f e l s p a r .  P o t a s h  must  have  b e e n  i n t r o d u c e d  

i n t o  t h e  f e l s p a r  r o c k s .

F i e l d  r e l a t i o n s  s u g g e s t  t h a t  t h e  f e n i t e s  t e n d  t o  be  r e l a t e d  

to  a l k a l i n e  s i l i c a t e  r o c k s ,  and f e l s p a t h i c  f e n i t e s  t o  c a r b o n a t i t e .

Hocks w h ich  show b o t h  t y p e s  o f  a l t e r a t i o n  o u t c r o p  c l o s e  t o  b o t h
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s i l i c a t e  r o c k s  and  c a r b o n a t i t e ;  on K i a k o , c a r b o n a t i t e  c u t s  

n e p h e l i n e  s y e n i t e ,  and  i n  t h e  a l t e r e d  c o u n t r y  r o c k  n e a r b y  

f e n i t i s a t i o n  c a n  be  shown t o  p r e c e d e  f e l s p a t h i s a t i o n  and c a r b o n a t i o n  

o f  t h e  b a sem e n t  ( c f .  B udeda ,  King and  S u t h e r l a n d  I 9 6 7 ) .  E v id e n c e  

o f  t h e  n a t u r e  o f  t h e  c o n t a c t s  i s  i n c o n c l u s i v e  ; t h e  c o n t a c t  b e tw e e n  

i j o l i t e  and  f e n i t e  i s  n e v e r  e x p o s e d ,  b u t  i t  i s  t h o u g h t  to  be  f a i r l y  

s h a r p .  F e n i t i s a t i o n  ro u n d  Hangwa n e v e r  p r o c e e d s  t o  t h e  f o r m a t i o n  

o f  n e p h e l i n e ,  and  q u a r t z  i s  n e a r l y  a lw a y s  p r e s e n t  ev en  a t  e x p o s u r e s  

10 -  20 y a r d s  from i j o l i t e .  B e ca u se  o f  t h e  a s s o c i a t i o n  o f  f e n i t e  

w i th  i j o l i t e ,  i t  i s  s u g g e s t e d  t h a t  f e n i t i s a t i o n  was c a u s e d  by t h e  

i n t r u s i o n  o f  i j o l i t e .

Some o f  t h e  e a r l y  c a r b o n a t i t e  i s  i n t i m a t e l y  mixed w i t h  t h e  

c o u n t r y  r o c k ,  w h ich  h a s  b e e n  c o n v e r t e d  t o  p o t a s h  f e l s p a r  and  o r e  

c l o s e  t o  t h e  b o u n d a r y .  As w i t h  t h e  c o n t a c t s  b e tw e e n  c a r b o n a t i t e  and  

p y r o c l a s t i c s  and  b r e c c i a  on Rangv/a i t s e l f ,  t h e  d e v e lo p m e n t  o f  f e l s p a r  

and t h e  d e s t r u c t i o n  o f  t h e  o r i g i n a l  t e x t u r e  o f  t h e  b a sem e n t  i n c r e a s e s  

to w a rd s  t h e  c a r b o n a t i t e .  F e n i t i s a t i o n  a p p e a r s  t o  be r e l a t e d  t o  v e i n s ,  

w h e reas  f e l s p a t h i s a t i o n  c a u s e s  a  more homogeneous form o f  a l t e r a t i o n .

I t  i s  t o  be  e x p e c t e d  t h a t  r o c k s  a s  d i f f e r e n t  a s  i j o l i t e  and  

c a r b o n a t i t e  s h o u l d  g i v e  r i s e  to  d i f f e r e n t  t y p e s  o f  a l t e r a t i o n .

Because  t h e  i j o l i t e  shows a  t r e n d  t o w a r d s  s o d a  e n r i c h m e n t ,  i t  i s  

l o g i c a l  t o  s u p p o s e  t h a t  t h e  l i q u i d  f rom  w h ich  i t  c r y s t a l l i z e d  c a u s e d  

soda  m e ta s o m a t i s m .  The d e v e lo p m e n t  o f  p o t a s h  f e l s p a r  n e a r  

c a r o o n a t i t e s  i s  h a r d e r  t o  e x p l a i n ,  a s  t h e  c a r b o n a t i t e  i t s e l f  i s  n o t
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r i c h  i n  a l k a l i s .  However, i t  i s  l i k e l y  t h a t  t h e  l i q u i d  f rom w h ic h  

th e  c a r b o n a t i t e  may have  c r y s t a l l i z e d  was r i c h  i n  a l k a l i s ,  a s  t h e i r

p r e s e n c e  l o w e r s  t h e  m e l t i n g  p o i n t  o f  a  m i x t u r e  o f  c a r b o n a t e s

c o n s i d e r a b l y  ( p p l o O - l 8 l ) .  I t  i s  s u g g e s t e d  t h a t  p o t a s h  was t h e  

p r e d o m in a n t  a l k a l i  p r e s e n t  i n  t h e  l i q u i d s  f rom which  t h e

c a r b o n a t i t e s ■on and a r o u n d  Rangwa were  fo rm ed ,  and  t h a t  some o f  i t

gave r i s e  t o  t h e  m in o r  am ounts  o f  p o t a s h  f e l s p a r  w i t h i n  t h e  

c a r b o n a t i t e ,  b u t  most  o f  i t  m i g r a t e d  i n t o  t h e  h o s t  r o c k ,  w here  i t  

c a u s e d  a l t e r a t i o n  t o  p o t a s h  f e l s p a r .
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F R A G M E N T S .  R O U N D E D - S U B A N G U L A R .

UNALTERED. ALTERED. U N A L T E R E D . ALTERED.
GRANITE. LAVA. FENITE. A G G L O M E R A T E .
FENITE. AGGLOMERATE BIOTITE PYROXENITE. BE D D E D  TUFF.
BIOTITE PYROXENITE. TUFF. BIOTITE U N C O M P A H  B A N D E D  TUFF.
BIOTITE U N C O M P A H  GRITE .

GRITE. MELTEIGITE.
I JOLITE. I J O L I T E .
CARBONATITE. NEPHELINITE.
NEPHELINITE.

< 2 0  C M . < 2 0  C M . < 2 0  C M . < 5 0 0  C M .

MATRIX. MATRIX.
FIN E-G RAINE D C A R B O N A T E .  FELSPAR A N D  ORE AS F O R  THE LOWER AGGLOMERATE

WITH BLOBS C O N T A I N I N G  ALTERED LAVA A N D  
P S E U D O M O R P H E D  SINGLE CRYSTALS.  A LARGE 
P R O P O R T I O N  O F  THE R O C K .

EXTRUSIVE.

EKIOJANGO BRECCIA.

FRAGMENTS.  A N G U L A R .
MOSTLY FELSPATHISED A N D  C A R B O N A T E D .  
AGGIOMERAT.E A N D  T U F F .
C A R B O N A T I T E  >

FR O M  SM AL L  C O N E S H E E T S  A N D  DYKES.  
OF  THE E K I O J A N G O  TYPE.
O F  TYPES N O T  F O U N D  IN S I T U .

NEW I G N E O U S  MATERIAL,  U N A L T E R E D  A N D
A L T E R E D .  

U N I D E N T I F I E D  ALTERED F R A G M E N T S .

< 2 0  C M .

MATRIX.
HARDLY ANY.  T H E  F R A G M E N T S  A R E  

SEPARATED A N D  C U T  BY V E I N S  O F  
C A R B O N A T E  FELSPAR A N D  O C C A S I O N A L L Y  
QU ARTZ.
INTRUSIVE.

U P P E R  AGGLOMER ATE.

Bu t  f a r  l e s s  o f  i t .

PROBABLY E X T R U S I V E  A N D  I N T R U S I V E

KINYAMUNGU BRECCIA.

F R A G M E N T S .  A N G U L A R .
MOSTLY C A R B O N A T E D .  
C A R B O N A T I T E : -

O F  THE E K I O J A N G O  T YPE.
O F  THE K I N Y A M U N G U  T Y P E .

VERY ALTERED F R A G M E N T S  POSSIBLY 
O F  NEW I G N E O U S  M A TERIAL.

< 2 0  C M .

MATRIX.
C A R B O N A T I T E  O F  THE K I N Y A M U N G U  

TYPE.

I N T R U S I V E .

FIGURE 13 . SUMMARY O F THE FRAGMENT TYPES 
AND MATRICES OF THE LOWER AGGLOM ERATE, 
UPPER AGGLOMERATE, EKIOJANGO BRECCIA AND 
KINYAMUNGU BRECCIA.
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VII

THE PYHQGLASTIC HOCKS

The p y r o c l a s t i c s ,  w h ich  c o v e r  a b o u t  80% o f  t h e  a r e a  o f  

Hangwa, can  be s p l i t  i n t o  t h r e e  g r o u p s  : -

3 . Upper A g g l o m e r a t e .

2 .  T u f f  G roup .

1 .  Lower A g g l o m e r a t e .

The r o c k  t y p e s  and s t r u c t u r e s  o f  t h e  g r o u p s  a r e  c l o s e l y  

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

e v o l u t i o n  o f  t h e  v o l c a n o .

1. DISTRIBUTION.

The r o c k s  have  an  o v a l  o u t c r o p  p a t t e r n  ( F i g u r e  l 4 ) , w h ic h  

s u r r o u n d s  Hangwa. The o v a l  i s  3 ^  m i l e s  from n o r t h  t o  s o u t h  and 3 

from e a s t  t o  w e s t ,  and t h e  w i d t h  o f  o u t c r o p  v a r i e s  b e tw e e n  h a l f  a  

m i l e  i n  t h e  n o r t h  and a  m i l e  i n  t h e  s o u t h .  The o u t e r  l i m i t  i s  t h e  

c l i f f s  and  b r e a k  i n  s l o p e  t h a t  bound t h e  m ain  p a r t  o f  Hangwa. Even 

where t h e r e  a r e  few c l i f f s ,  a  c l e a r  l i n e  o f  e x p o s u r e  i s  s e e n ,  a n d ,  

e x c e p t  i n  t h e  w es t  where  e r o s i o n  h a s  b e e n  g r e a t e r ,  i t  i s  a  smooth  

c u rv e  ( p l a t e s  2 - 6 ) .  Though i t  c h a n g e s  a l t i t u d e  m a r k e d ly ,  from

4 ,2 0 0  f t .  n e a r  t h e  l a k e  t o  o v e r  3?000  f t .  i n  t h e  s o u t h ,  a s  w e l l  a s  

d i p p i n g  i n t o  num erous  v a l l e y s ,  t h e  b i g g e s t  o f  w h ich  i s  N y a n d i g id a ,  

t h e  c u rv e  i s  n o t  d e f l e c t e d ;  so  t h e  edge  o f  t h e  p y r o c l a s t i c s  c a n n o t
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be f a r  from t h e  v e r t i c a l .

For  m ost  o f  t h e  way r o u n d ,  t h e  b a s e s  o f  t h e  c l i f f s  d i s a p p e a r  

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

s o u t h  w e s t ,  t h e  b i o t i t e  u n c o m p a h g r i t e  i s  e x p o se d  w i t h i n  t e n  y a r d s  

o f  t h e  p y r o c l a s t i c s ,  and i n  t h e  n o r t h  n e a r  t h e  lalce t h e r e  i s  a  

w e a t h e r e d  o u t c r o p  o f  f e n i t e  and  c a r b o n a t i t e  o n l y  30 y a r d s  o u t  from 

t h e  c l i f f s  o f  Upper A g g l o m e r a t e .  A lso  f e n i t e  b o u l d e r s  were found  

a t  s e v e r a l  p l a c e s  i n  t h e  t a l u s  s l o p e s .  On t h e s e  g r o u n d s  i t  i s  

assumed t h a t  t h e  o u t e r  c l i f f s  a r e  n o r m a l l y  q u i t e  c l o s e  t o  t h e  a c t u a l  

b o u n d a ry  b e tw e e n  t h e  p y r o c l a s t i c s  and  t h e  r o c k s  o f  t h e  p l u t o n i c  

c e n t r e  d e s c r i b e d  i n  t h e  c h a p t e r  VI.

The i n n e r  b o u n d a r y  h a s  an o v a l  form t o o ,  b u t  i t  i s  g r a d a t i o n a l  

and i s  n o t  m arked  by c l e a r c u t  f e a t u r e s .  The i n c r e a s i n g  i n f l u e n c e  

o f  t h e  c e n t r a l  c a r b o n a t i t e s ,  w h ich  w ere  i n t r u d e d  i n t o  t h e  p y r o c l a s t i c s ,  

c ause  a  zone  o f  s h a t t e r i n g  and i n c i p i e n t  b r e c c i a t i o n  up t o  100 y a r d s  

w ide .  I t  o c c u r s  on t h e  u p p e r  s l o p e s  r o u n d  N y a k i r a n g a c h a ,  and 

som etim es  t a k e s  t h e  form o f  a  s e r i e s  o f  s m a l l  i n w a rd  f a c i n g  s c a r p s .

A. THE LOWER AGGLOMERATE.

The Lower A g g lo m e r a te  i s  e x p o se d  r o u n d  t h e  edg es  o f  Rangwa, 

and fo rm s  most  o f  t h e  c l i f f s  m e n t i o n e d  a b o v e ,  w h ich  a r e  400 f t .  h i g h  

to  t h e  n o r t h  e a s t  ( p l a t e  2 ) .  O u t c r o p s  o c c u r  a l l  t h e  way ro u n d  Rangwa 

e x c e p t  i n  t h e  s o u t h  and  f o r  a  s h o r t  d i s t a n c e  i n  t h e  n o r t h .  The b a s e  

i s  n o t  s e e n ,  b u t  t h e  u p p e r  b o u n d a ry  w i t h  t h e  T u f f  Group i s  fou n d  a t
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4 ,2 0 0  f t .  i l l  t h e  n o r t h ,  and 4 , 6 0 0  f t .  i n  t h e  s o u t h  w es t  and s o u t h  

e a s t ,  w here  t h e  a g g l o m e r a t e  d i s a p p e a r s  b e n e a t h  t h e  t u f f .  The t o t a l  

w id th  o f  o u t c r o p  i s  v a r i a b l e ,  b u t  i s  s e ld om  more t h a n  400 y a r d s ,  

and t h e  v e r t i c a l  e x t e n t  e x p o s e d  i s  up t o  300 f t .

The u p p e r  b o u n d a ry  i s  g r a d a t i o n a l ,  a s  i n w a r d  d i p p i n g  b a n d s  o f  

t u f f  become more f r e q u e n t .  Though i t  i s  nowhere  w e l l  e x p o se d ,  t h e r e  

a r e  i n d i c a t i o n s  t h a t  i t  d i p s  i n w a r d s .  B e s i d e s  t h e  in w a rd  d ip  o f  t h e  

b a s a l  t u f f s ,  t h e  o u t c r o p s  on E n d o v e r e n i a  and a lo n g  t h e  s i d e s  o f  

N y a n d i g id a  show t h a t  t h e  t u f f s  o c c u r  a t  a  l o w e r  l e v e l  t o w a r d s  t h e  

c e n t r e  o f  Hangwa. N y a n d i g i d a  i s  t h e  l a r g e s t  o f  t h e  c o n c e n t r i c a l l y  

a r r a n g e d  v a l l e y s ,  and  a l o n g  i t  t h e  u p p e r  s l o p e s  a r e  t u f f  and t h e  

low er  o n e s  a g g l o m e r a t e .  T u f f  o c c u r s  130 f t .  l o w e r  on t h e  w e s t e r n  

s i d e ,  w h ich  i s  t h e  one c l o s e r  t o  t h e  c e n t r e  o f  t h e  com plex .

B. THE TUFF GROUP.

The T u f f  Group f o l l o w s  a  v e r y  r o u g h l y  c o n c e n t r i c  p a t t e r n ,  and  

i s  fou n d  most  o f  t h e  way ro u n d  t h e  m o u n ta in  i n  a  b a n d  o f  v a r y i n g  

t h i c k n e s s .  A p a r t  f rom a s m a l l  p a t c h  i n  t h e  n o r t h  and t h e  whole  o f  

th e  s o u t h e r n  m a r g i n ,  w here  t u f f  e x t e n d s  t o  t h e  o u t e r  l i m i t  o f  t h e  

p y r o c l a s t i c s ,  t h e  g r o u p  o c c u r s  i n s i d e  t h e  Lower A g g lo m e r a te .  The 

i n n e r  b o u n d a ry  i s  w i t h  t h e  Upper A g g lo m e r a te  i n  t h e  n o r t h ,  and  t h e  

b r e c c i a t i o n  a s s o c i a t e d  w i t h  t h e  c e n t r a l  c a r b o n a t i t e  i n t r u s i o n s  i n  

t h e  s o u t h .

The t u f f  a t t a i n s  i t s  g r e a t e s t  w i d t h  o f  o u t c r o p  i n  t h e  s o u t h ,
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on E r i k e n d e ,  where  i t  i s  up t o  a  m i l e  a c r o s s ,  c o v e r i n g  a l l  t h e  h i g h  

g rou n d  b e tw e e n  t h e  s l o p e s  above  N y a k i r a n g a c h a  and t h e  o u t e r  l i m i t  

o f  Hangwa. T u f f  o u t c r o p s  on t h e  main  r i d g e  a s  f a r  n o r t h  a s  t h e  

s a d d l e  b e tw e e n  Kithamv/eni  and  K u r u g i t h o ,  where  i t  i s  c u t  o u t  by t h e  

Upper A g g l o m e r a t e .  From h e r e  t o  t h e  n o r t h  t h e  w i d t h  o f  o u t c r o p  

becomes p r o g r e s s i v e l y  n a r r o w e r  owing t o  t r u n c a t i o n  by t h e  Upper 

A g g lo m e r a te ,  w h ic h  was e m p lac ed  l a t e r .  N o r t h  o f  K in y a th e n g o  t h e  

t u f f  i s  c u t  o u t  a l t o g e t h e r .  West o f  N y a k i r a n g a c h a  t h e  o u t c r o p s  a r e  

l e s s  r e g u l a r ,  and  t h e r e  a r e  e x p o s u r e s  o f  t u f f  on t o p  o f  Kivuvwu, 

Kumuthua and M u i t h e r e r e ,  a s  w e l l  a s  a  s m a l l  p a t c h  on Mbuwi.

C. THE UPPER AGGLOMERATE.

B e c a u se  o f  b a d  e x p o s u r e ,  t h e  Upper A g g lo m e ra te  i s  t h e  l e a s t  

w e l l  d e f i n e d  o f  t h e  p y r o c l a s t i c  g r o u p s ;  i t  o c c u p i e s  most  o f  t h e  h i g h  

ground  a t  t h e  n o r t h  o f  Rangwa, and t h e  sh a p e  o f  o u t c r o p  i s  a  r o u g h  

s e m i - c i r c l e ,  i n c l u d i n g  l a r g e  p a r t s  o f  I k i w a t h i ,  K i n y a th e n g o ,  Kunthewe 

and K u r u g i t h o .  The o u t e r  b o u n d a r y  i s  w i t h  t h e  t u f f  f o r  most o f  t h e  

way r o u n d .  However, i n  t h e  n o r t h ,  t h e  t u f f  i s  c u t  o u t ,  and t h e  

b o u n d a ry  i s  w i t h  t h e  Lower A g g l o m e r a t e ,  and  f o r  200 y a r d s  t h e  o u t e r  

c l i f f s  a r e  composed o f  u n w e a t h e r e d  Upper  A g g l o m e r a t e .  The o n l y  good  

c o n t i n u o u s  e x p o s u r e  o f  t h i s  r o c k  o c c u r s  h e r e .  The n o r t h  o f  Rangwa, 

c lo s e  t o  t h e  l a k e ,  shows t h e  f i e l d  r e l a t i o n s  b e tw e e n  t h e  t h r e e  t y p e s  

o f  p y r o c l a s t i c  w e l l  ( p l a t e  2 ) .  T o p o g r a p h i c a l l y ,  t h e  o u t e r  l i m i t  o f  

th e  Upper A g g lo m e r a te  i s  n o r m a l l y  m arked  by a  s l i g h t  s t e e p e n i n g  o f
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t h e  s l o p e .

As w i t h  t h e  o t h e r  p y r o c l a s t i c  r o c k s ,  t h e  i n n e r  b o u n d a ry  i s  

r e a c h e d  when t h e  r o c k  becomes b r e c c i a t e d  on t h e  u p p e r  s l o p e s  t o  t h e  

e a s t  o f  N y a k i r a n g a c h a .

2. DESCRIPTION OF THE HOCK TYPES.

The r o c k s  t h a t  c o m p r i s e  b o t h  t h e  f r a g m e n t s  and  t h e  m a t r i x  i n  

a l l  t h e  p y r o c l a s t i c  g r o u p s  have  many p o i n t s  o f  s i m i l a r i t y .

A. LOWER AGGLOMERATE.

The Lower A g g lo m e ra te  i s  m a s s i v e ,  and  t h e r e  i s  l i t t l e  f i e l d  

e v id e n c e  f o r  b e d d i n g .  P l a n e s  w i t h  i n w a r d  d i p s  o f  23^ -  43°  a r e  

fo u nd ,  b u t  i t  i s  u n c e r t a i n  how many o f  t h e s e  a r e  b e d d in g  o r  b a n d in g  

p l a n e s .  I n  many c a s e s ,  f l o w  b a n d i n g  i s  p a r a l l e l  t o  t h e s e  p l a n e s ,  b u t  

i t  i s  n o t  a lw a y s  p o s s i b l e  t o  p r o v e  t h i s ,  a s  f lo w  b a n d in g  i s  s e ldo m  

v i s i b l e  e x c e p t  on p o l i s h e d  s u r f a c e s  and t h i n  s e c t i o n s .  Some o f  them 

a re  f o l l o w e d  by s m a l l  c a r b o n a t i t e  c o n e s h e e t s ,  and  a  few, e s p e c i a l l y  

th e  o n e s  w i t h  s t e e p e r  d i p s ,  may have  b e e n  form ed  by  t h e  s t r e s s  s y s t e m  

c aused  by t h e  c a r b o n a t i t e  i n t r u s i o n .  At t h e  t o p  o f  t h e  a g g l o m e r a t e  

s u c c e s s i o n ,  l e n s e s  o f  d i s t i n c t l y  b e d d ed  r o c k  o c c u r  among t h e  l o w e r  

t u f f s .

The r o c k  i s  d a r k  g r e y  and  brown when i t  o c c u r s  c o m p a r a t i v e l y  

u n w e a th e re d  on t h e  c l i f f s .  I n  t h i s  s t a t e ,  t h e  m a t r i x  i s  o f t e n  h a r d e r  

t h a n  t h e  f r a g m e n t s ,  g i v i n g  t h e  r o c k  a  pockm arked  a p p e a r a n c e .  More
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commonly, t h e  m a j o r i t y  o f  t h e  f r a g m e n t s  and t h e  m a t r i x  have t h e

same h a r d n e s s ,  so t h a t  i n  t h e  f i e l d  t h e  s u r f a c e  o f  t h e  r o c k  i s  sm ooth

( p l a t e s  69 and  7 0 ) ,  and  when t h i s  i s  p o l i s h e d  by b a b o o n s  i t  i s  h a r d  

to  r e c o g n i z e  t h a t  i t  i s  an a g g l o m e r a t e .  Away from t h e  c l i f f s ,  t h e  

ro c k  i s  more w e a t h e r e d ,  and  becomes c ru m b ly  and r e d .  The f r a g m e n t s  

a r e  r o u n d e d - s u b r o u n d e d ,  and  up to  10 cm a c r o s s .  They a r e  u n e v e n l y  

d i s t r i b u t e d  t h r o u g h  t h e  r o c k ,  and  t h e  p e r c e n t a g e  o f  m a t r i x  v a r i e s  

w i d e l y ,  b u t  i s  u s u a l l y  more t h a n  73^-  T h e re  i s  a  g r e a t  v a r i e t y  o f  

f r a g m e n t  t y p e s ,  b u t  on t h e  g r o u n d s  o f  o r i g i n ,  mode o f  o c c u r r e n c e  and  

amount and  t y p e  o f  a l t e r a t i o n  t h e y  c a n  be  s p l i t  i n t o  g r o u p s : -

1 .  Basem ent  and  p l u t o n i c  f r a g m e n t s .

2 .  V o l c a n i c  f r a g m e n t s .

As w i l l  be  e v i d e n t  f rom t h e  d e s c r i p t i o n s ,  t h e  m a t r i x  i s  fo rm ed

from t h e  same m a t e r i a l  a s  m ost  o f  t h e  v o l c a n i c  f r a g m e n t s .  Fo r  t h i s

r e a s o n  t h e  v o l c a n i c s  and  t h e  m a t r i x  a r e  d e s c r i b e d  t o g e t h e r .

( 1 ) BANDING IN THE LOWER AGGLOMEMIE.

The p r e s e n c e  o f  b a n d i n g  i s  by  no means u n i v e r s a l ,  and t h e  form  

i t  t a k e s  d e p e n d s  on t h e  p r o p o r t i o n  o f  v o l c a n i c s  and  m a t r i x  i n  t h e  

r o c k .  I t  i s  m ost  p r o n o u n c e d  w here  t h e r e  a r e  no b a se m e n t  o r  p l u t o n i c  

f r a g m e n t s ,  and  where  t h e  v o l c a n i c s  and  m a t r i x  a r e  i n t i m a t e l y  m ix e d ,  

o r  t h e r e  i s  l i t t l e  d i s t i n c t i o n  b e tw e e n  t h e  tw o .  The c o n t o r t e d  and 

i r r e g u l a r  o u t l i n e s  o f  some o f  t h e  v o l c a n i c  f r a g m e n t s  shows t h a t  t h e y  

were o f t e n  l i q u i d  o r  p l a s t i c  when t h e  r o c k  was e m p la c e d ,  and i t  i s



Plate 6 9 . Block of Lower Agglomerate 
the fragments are of altered lava.

Most of

Plate 7 0 . Lower Agglomerate. Some fragments have 
been weathered out. One fragment is rimmed by a 
zone of alteration.



Plate 7 1 . Banding of altered lava in the Lower
Agglomerate. The elongated globules are 
thought to indicate the direction of flow.
(RF34). True to scale.

Plate 7 2 . Banded fine-grained material between 
angular fragments in the Lower Agglomerate.
(RF7 0 ). x .i



Plate 73» Banding displayed by small elongated 
fragments i# the Lower Agglomerate. (RF71) xy.

i

Plate 7^* Typical texture of the Lower Agglomerate. 
The blobs contain pseudomorphs in carbonate. The 
pale interstitial material is fine-grained felspar 
and carbonate. (RPl4). x25.
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n a t u r a l  t h a t  an  a g g l o m e r a t e  o f  t h i s  s o r t  s h o u l d  show t h e  g r e a t e s t  

amount o f  b a n d i n g .

The b a n d i n g  t a k e s  s e v e r a l  f o r m s .  I n  RF 3^ ( p l a t e  ? 1 ) ,  i t  i s  

v e ry  p r o n o u n c e d ,  and  a p p e a r s  a s  s t r i p s  o f  p a l e  and  d a r k  m a t e r i a l ;  

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

m a t e r i a l  w i t h  i r r e g u l a r  e d g e s .  The p a t c h e s  a r e  g e n e r a l l y  g l o b u l a r  

o r  b u b b l e - s h a p e d  a t  one e n d ,  and  have  s w i r l i n g  f lo w  l i n e s  c o n c e n t r i c  

w i t h  them . RF 70 ( p l a t e  72 )  h a s  w e l l - f o r m e d  and  d i s t i n c t  f r a g m e n t s ,  

which  a r e  u n o r i e n t a t e d ,  and  t h e  b a n d i n g  a p p e a r s  i n  t h e  m a t r i x  o n l y ;  

s e v e r a l  f i n e - g r a i n e d  p a l e  b a n d s  r u n  r i g h t  a c r o s s  t h e  r o c k ,  u n a f f e c t e d  

by t h e  f r a g m e n t s .  The commonest m a n i f e s t a t i o n  o f  b a n d in g  ( a s  i n  

RF 7 1 ,  p l a t e  73 )  c o n s i s t s  o f  an  o r i e n t a t i o n  o f  s m a l l  e l o n g a t e d  

f r a g m e n t s ,  o f t e n  w i t h  t h e i r  e d g es  f l a t t e n e d  a g a i n s t  e a c h  o t h e r .

B a n d in g  i s  s e ld om  p r o n o u n c e d  enough  t o  be  n o t i c e d  on an u n c u t  

s u r f a c e ,  b u t  w here  i t  was fo u n d  i n  t h e  f i e l d  i t s  d i p  i s  p a r a l l e l  t o  

t h e  i n w a r d - d i p p i n g  p l a n e s  i n  t h e  a g g l o m e r a t e .

( 2 )  THE MATRIX MW  VOLCAiSIC FRAGMENTS.

The d i s t i n c t i o n  b e tw e e n  t h e  m a t r i x  and t h e  v o l c a n i c  f r a g m e n t s  

a p p e a r s  t o  be  o b v i o u s  i n  hand  s p e c im e n ,  b e c a u s e  o f  s l i g h t  d i f f e r e n c e s  

i n  c o l o u r  an d  r e s i s t a n c e  t o  w e a t h e r i n g ,  b u t  i n  t h i n  s e c t i o n  i t  o f t e n  

c e a s e s  t o  e x i s t .  The r e a s o n  i s  t h a t  so  many f e a t u r e s  i n  e a c h  a r e  

s i m i l a r .

The m a t r i x  c o n s i s t s  o f  o v a l  b l o b s  b e tw e e n  . 1  and 2 mm a c r o s s .
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They have  a  s k i n  o f  f i n e - g r a i n e d  m a t e r i a l ,  e n c l o s i n g  e i t h e r  s i n g l e  

c r y s t a l s ,  c r y s t a l  p seud o m o rp h s  o r  f i n e - g r a i n e d  a l t e r e d  l a v a .  The 

v o l c a n i c  f r a g m e n t s  a r e  a l t e r e d  l a v a ,  f i n e r  g r a i n e d  t u f f  o r  a g g l o m e r a t e  

and g r o u p s  o f  b l o b s  s i m i l a r  t o  t h e  m a t r i x .  The f r a g m e n t s  a r e  

s u r r o u n d e d  by a  s k i n ,  t o o .  B o th  m a t r i x  and  v o l c a n i c s  a r e  e q u a l l y  

f e l s p a t h i s e d  and c a r b o n a t e d .

The f i n e - g r a i n e d  s k i n  i s  a  u n i v e r s a l  f e a t u r e ,  and  a l s o  

s u r r o u n d s  t h e  b a se m e n t  and  p l u t o n i c  f r a g m e n t s .  I t  a lw ay s  h a s  t h e  

same t e x t u r e ,  b u t  i t s  t h i c k n e s s  v a r i e s  b e tw e e n  .0 2  and  . 3  mm, 

d e p e n d in g  on t h e  s i z e  o f  t h e  f r a g m e n t  i t  e n c l o s e s .  N o rm a l ly  t h e r e  i s  

a s i n g l e  c o n t i n u o u s  l a y e r ,  w h ich  t e n d s  t o  r o u n d  o f f  t h e  c o r n e r s  i n  

t h e  f r a g m e n t  o r  c r y s t a l  u n d e r n e a t h  ( a s  i n  RF l 4 ,  p l a t e  ? 4 ) . I t  i s  

composed o f  f i n e - g r a i n e d  d i r t y  c a l c i t e  and  s p e c k s  o f  d a r k  

n o n c r y s t a l l i n e  m a t e r i a l ,  and  i t  i s  w i t h o u t  o b v i o u s  o r i e n t a t i o n  o r  

p se u d o m o rp h s .  S i n c e  t h e  s k i n s  o c c u r  ro u n d  n o n v o l c a n i c  a s  w e l l  a s  

v o l c a n i c  f r a g m e n t s ,  a r e  o f  u n e v e n  t h i c k n e s s  and  do n o t  have t h e  

t e x t u r e  o f  t h e  l a v a s ,  t h e y  a r e  n o t  c h i l l e d  e d g e s ,  and  t h e  d i s t i n c t i o n  

can be  s e e n  w e l l  i n  l a v a  f r a g m e n t s  w h ich  have  c h i l l e d  ed ges  

s u r r o u n d e d  by  s k i n s .  T h e i r  l a c k  o f  i n t e r n a l  s t r u c t u r e  s u g g e s t s  t h a t  

t h e y  a r e  fo rm ed  f rom  m a t e r i a l  p i c k e d  up a f t e r  a t t r i t i o n  b e tw ee n  

f r a g m e n t s .

The s k i n s  m o d i fy  t h e  s h a p e  o f  t h e  com ponen ts  i n  t h e  m a t r i x  t o  

form o v a l  b l o b s .  The b l o b s  se ldo m  have any  o r i e n t a t i o n ,  e x c e p t  i n  a  

d i s t i n c t l y  b a n d e d  r o c k  ( a s  i n  RF 7 1 ,  p l a t e  7:3), when t h e y  become
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d i s t o r t e d  and s t r e t c h e d .  O c c a s i o n a l l y ,  t h e  amount o f  s k i n  i s  v e r y  

much m a g n i f i e d  a s  i n  EF 35 ( p l a t e  7 6 ) ,  where  one o f  t h e  b l o b s  i s  

a p e r f e c t  s p h e r e ,  w i t h  a  d i a m e t e r  o f  2 mm and a  d o u b l e  s k i n ;  t h e  

p a r t i c l e  i n  t h e  m i d d l e ,  an  a l t e r e d  l a v a ,  o n l y  h a s  a  d i a m e t e r  o f  

.3  mm.

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

b i o t i t e ,  f e l s p a r ,  m a g n e t i t e  and  m e l a n i t e .  A p a t i t e  i s  t h e  most  

f r e q u e n t ,  and  o c c u r s  a s  c l e a r  s u b h e d r a l  p r i s m s  up t o  . 3  mm l o n g ;  

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

v o l c a n i c s  on and a r o u n d  Rangwa, t h e s e  c r y s t a l s  c o u l d  have  o r i g i n a t e d  

from e i t h e r ,  o r  be  a  p r o d u c t  o f  t h e  magma a s s o c i a t e d  w i t h  t h e  

a g g l o m e r a t e .  B i o t i t e  ( so m e t im e s  r i n g e d  w i t h  m e l a n i t e ) ,  f e l s p a r ,  

m a g n e t i t e  and  m e l a n i t e  a l l  o c c u r  o c c a s i o n a l l y ’, and a r e  p r o b a b l y  o f  

p l u t o n i c  o r i g i n .  A l l  t h e  m i n e r a l s  a r e  s e e n  i n  EF 33#

The i d e n t i f i c a t i o n  o f  t h e  p s e u d o m o r p h s , w h ic h  a r e  f a r  more 

common t h a n  o r i g i n a l  m i n e r a l s ,  i s  s p e c u l a t i v e .  T h e i r  o u t l i n e s  and  

c l e a v a g e  p a t t e r n s ,  a s  w e l l  a s  a  kn o w le d g e  o f  t h e  m i n e r a l s  t h a t  

o c c u r  u n a l t e r e d  i n  t h e  p l u t o n i c s  and  l a v a s ,  make i t  p o s s i b l e  t o  

s u g g e s t  t h e  o r i g i n a l  m i n e r a l s  from w h ic h  some o f  them were  form ed 

n e p h e l i n e ,  p y r o x e n e ,  m e l i l i t e ,  p e r o v s k i t e  and m e l a n i t e .  N e p h e l i n e  

i s  r e p r e s e n t e d  by  s q u a r e  p a t c h e s  o f  v e r y  f i n e - g r a i n e d  f e l s p a r  up t o  

.3  mm a c r o s s  (EF 6 3 , p l a t e  7 7 ) *  P y ro x e n e  i s  p seudom orphed  by  a  

m osa ic  o f  s m a l l  b r o w n - s t a i n e d  c a l c i t e  c r y s t a l s ,  and r e t a i n s  t h e  form 

and re m n a n t  c l e a v a g e  o f  e i t h e r  l e n g t h  o r  c r o s s  s e c t i o n s



Plate 75* Blobs in the Lower Agglomerate. The centres 
of some of the blobs are pseudomorphs in fine-grained 
carbonate. The interstitial material is carbonate 
and felspar. (RP3 5 ). x23.

Plate 7 6 . A big blob in the Lower Agglomerate
(RP35). x2 5 .
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(RF 151 p l a t e  7 8 ) .  T a b u l a r  m e l i l i t e  c h a n g e s  t o  f i n e - g r a i n e d  c l e a r  

c a l c i t e ;  i n  RF 35 ( p l a t e  7 9 ) ,  a  m e l i l i t e  pseudom orph  1 mm lo n g  

has  a  m ed ian  c r a c k ,  a  c h a r a c t e r i s t i c  o f  t h e  m e l i l i t e  i n  t h e  l a v a .  

P e r o v s k i t e  a lw a y s  r e t a i n s  i t s  c r y s t a l  fo rm ,  b u t  i s  e i t h e r  r e p l a c e d  

a lo n g  i t s  t w i n  p l a n e s  by  i l n i e n i t e  ( p l a t e  8 0 ) a s  i n  RF 2 ,  o r  ch an g e d  

e n t i r e l y  t o  l e u c o x e n e .  M e l a n i t e  i s  s t i l l  r e c o g n i z a b l y  s i x - s i d e d ,  

th o u g h  b r o k e n  up and  v e i n e d  by c a l c i t e  and  f e l s p a r ;  i t  i s  opaque  

and u n z o n e d ,  and  i r r e g u l a r  p a t c h e s  hav e  b e e n  a l t e r e d  t o  o r e  m i n e r a l s .
I-

I t  a p p e a r s  t h a t  most  o f  t h e  m i n e r a l s  t h a t  s u r v i v e  i n  t h e i r  

o r i g i n a l  fo rm ,  e x c e p t  p o s s i b l y  a p a t i t e ,  come from t h e  b a sem e n t  o r  

p l u t o n i c s ,  b u t  t h e  o n e s  t h a t  a r e  p seudo m orph ed  a r e  l a v a  m i n e r a l s .

The c h a n g e s  w h ich  o c c u r  f o l l o w  a d e f i n i t e  p a t t e r n .  N e p h e l i n e  i s  

n o r m a l l y  r e p l a c e d  by  a  f e l s p a r ,  whose o c c u r r e n c e  i s  w i d e s p r e a d  i n  

most o f  t h e  r o c k s  on Rangwa; t h e  f e l s p a r  fo rm s  t i n y  c r y s t a l s  w i t h  

shadowy, s h i f t i n g  e x t i n c t i o n  ( p l a t e  7 7 ) .  The X - r a y  d i f f r a c t i o n  

p a t t e r n  shows o r t h o c l a s e ,  and  m a t e r i a l  i n  w h ic h  i t  p r e d o m i n a t e s  

c o n t a i n s  8% o f  p o t a s h .  I t  h a s  a  s l i g h t l y  h i g h e r  r e f r a c t i v e  i n d e x  

t h a n  o r t h o c l a s e  f rom t h e  b a s e m e n t ,  and i s  p re su m ed  t o  b e  s o d a - r i c h  

o r t h o c l a s e .  Most o t h e r  s i l i c a t e s  a r e  a l t e r e d  t o  c a l c i t e ,  and 

t i t a n i u m - b e a r i n g  m i n e r a l s  go t o  i l m e n i t e  o r  l e u c o x e n e .

Lava  b l o b s  and f r a g m e n t s  a r e  b o t h  composed o f  much t h e  same 

m a t e r i a l ,  b u t  t h e r e  i s  a  d i f f e r e n c e  i n  s i z e  and fo rm .  The b l o b s  a r e  

n ev e r  l a r g e r  t h a n  2 mm, and  a r e  g e n e r a l l y  l e s s  t h a n  . 3  mm, w h e r e a s  

th e  l a v a  f r a g m e n t s  a r e  n e a r l y  a lw a y s  l a r g e r  t h a n  3 mm, and  have  l e s s



Plate 77* A possible pseudomorph. after nepheline in 
fine-grained felspar in the Lower Agglomerate.
( R F 6 3 ) .  X155.

Plate 7 8 . Possible pseudomorph after pyroxene in 
fine-grained carbonate in the Lower Agglomerate. 
The darkening towards the edges may correspond
to the original zoning. (RFI5 ). x80.



Plate 79- Possible pseudomorph after melilite in 
fine-grained carbonate in the Lower Agglomerate

Plate 8 0 . Possible pseudomorph after perovskite 
in ilmenite and carbonate. (RP2). x80.



Plate 81. Altered lava in the Lower Agglomerate. 
All the elongated crystals are pseudomorphed by 
cloudy carbonate (RF38). x35*

Plate 82. Small pseudomorphs at the margin of an 
altered lava fragment in the Lower Agglomerate.
(RFI7 ). x2 5 .
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r e g u l a r  o u t l i n e s .  T h e i r  t e x t u r e  i s  t h a t  o f  a  p o r p h y r i t i c  l a v a  

( e s p e c i a l l y  i n  RF 3 5 ,  HF 3 8 ,  RF 5 0 ,  RF l 4  and  RF 17 -  p l a t e  8 l ) .

O f t e n  b o t h  t h e  f r a g m e n t s  and  t h e  b l o b s  have  c h i l l e d  e d g e s ,  w h ich  

a r e  e v i d e n t  from a  f i n e r  g r a i n  s i z e  and  t h e  o r i e n t a t i o n  o f  

p seu d om o rp h s  p a r a l l e l  t o  t h e  edge  (RF 1 7 ,  p l a t e  8 2 ) .  B u t  so m e t im es  

b i t s  o f  l a v a  had  o b v i o u s l y  c o o l e d  p r e v i o u s l y ,  and  have  s h a r p  

u n c h i l l e d  e d g e s  (RF 3 8 ) .

P seudom orphs  i n  l a v a  f r a g m e n t s  show t h e  same p a t t e r n  o f  

a l t e r a t i o n  a s  t h e  p se u d o m orp hs  o f  s i n g l e  c r y s t a l s .  A p a t i t e  and  o r e  

m i n e r a l s  s u r v i v e ,  n e p h e l i n e  g o e s  t o  f e l s p a r  and  most  o t h e r  m i n e r a l s  

t o  c a l c i t e .  T y p i c a l l y ,  a s  i n  RF 17 and  RF 38 ,  t h e  l a v a  h a s  a  few 

l a r g e  p se u d o m o rph s  up t o  1 mm l o n g  i n  a  g roundm ass  o f  u n o r i e n t a t e d  

t i n y  n e e d l e s  and  p a t c h e s  o f  o r e .  T h i s  t e x t u r e  i s  s i m i l a r  t o  t h a t  

o f  t h e  n e p h e l i n i t e  and  m e l a n e p h e l i n i t e  l a v a s  o f  K i s i n g i r i ,  i n  w h ic h  

t h e  l a r g e  c r y s t a l s  a r e  p y r o x e n e  and n e p h e l i n e ,  and t h e  n e e d l e s  a r e  

p y r o x e n e  and  so m e t im e s  m e l i l i t e .  I n  t h e  a l t e r e d  l a v a s ,  t h e r e  a r e  . 

few p o s s i b l e  n e p h e l i n e  p se u d o m o rp h s ,  b u t  f r e q u e n t  p y r o x e n e s ,  w h ic h  

r e t a i n  t h e  c r y s t a l  form o f  t h e  u n a l t e r e d  o n e s .  RF 38 h a s  a  

p seudom orph  i n  b r o w n - s t a i n e d  c a l c i t e  o f  a  s u b h e d r a l  zoned  p y r o x e n e  

c r y s t a l ,  2 mm l o n g ,  i n  w h ich  t h e  s t a i n i n g  becom es more p r o n o u n c e d  

to w a rd s  t h e  e d g e .  I n  RF 17 and  RF 3 8 ,  p seudom orphs  show t h e  r em n a n t  

c l e a v a g e s  o f  b o t h  t h e  p r i s m a t i c  and  c r o s s  s e c t i o n s  o f  p y r o x e n e .

The m a t r i x  o f  t h e  v o l c a n i c  f r a g m e n t s  h a s  s m a l l  n e e d l e s  o f  c a l c i t e  

c r y s t a l s  a f t e r  p y r o x e n e  and m e l i l i t e ,  and  s m a l l  w e l l - f o r m e d  m a g n e t i t e
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c u b e s  and  o c t a h e d r a .

B e s i d e s  t h e  l a v a ,  t h e  o t h e r  t y p e s  o f  v o l c a n i c  f r a g m e n t  a r e  

b e d d ed  t u f f ,  l a p i l l i  t u f f ,  a g g l o m e r a t e  and m a t r i x  m a t e r i a l .  Only  

one f r a g m e n t  e a c h  was fou nd  o f  e i t h e r  b e d d e d  o r  l a p i l l i  t u f f .

RF 134  c o n t a i n s  a  f r a g m e n t  o f  b e d d ed  t u f f  s i m i l a r  t o  t h a t  i n  t h e  

T u f f  g r o u p ,  w i t h  e v e n l y  s p a c e d  b e d s  5 mm a p a r t .  I n  RF 100,  a  s m a l l  

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

w i t h  m a jo r  a x e s  o f  up t o  3 mm.

F a r  more f r e q u e n t  a r e  t h e  f r a g m e n t s  o f  e v e r y  s i z e ,  f rom  30 cm 

down t o  m i c r o s c o p i c  p r o p o r t i o n s ,  o f  a g g l o m e r a t e  c o n t a i n i n g  p i e c e s  

o f  o t h e r  f i n e r  p y r o c l a s t i c s . S o m e t im es ,  t h e r e  may be a s  many a s  

f o u r  g e n e r a t i o n s  o f  f r a g m e n t s  w i t h i n  one f r a g m e n t  o f  a g g l o m e r a t e ,  a s  

i n  RF ( p l a t e  8 3 ) .

I n  t h i n  s e c t i o n ,  s m a l l  f r a g m e n t s  a r e  o f t e n  s e e n  t o  be  

c o l l e c t i o n s  o f  b l o b s  i d e n t i c a l  t o  t h o s e  i n  t h e  m a t r i x .  They have  

e i t h e r  c o n s o l i d a t e d  p r i o r  t o  t h e  f o r m a t i o n  o f  t h e  a g g l o m e r a t e ,  i n  

w h ich  c a s e  many o f  t h e  b l o b s  i n  t h e  f r a g m e n t s  a r e  b r o k e n  a t  t h e  

ed g es  (RF 3 ^ ,  p l a t e  8 4 ) ,  o r  t h e y  s o l i d i f i e d  a t  t h e  same t im e  a s  t h e  

m a t r i x ,  and  t h e  f r a g m e n t s  have  v e r y  c o n t o r t e d  e d g e s ;  when t h i s  

h a p p e n s ,  t h e  b l o b s  a r e  n e v e r  b r o k e n ,  b u t  so m e t im es  t h e  o n e s  i n s i d e  

t h e  f r a g m e n t  a r e  f l a t t e n e d  a g a i n s t  t h o s e  o u t s i d e  i t  (RF 3 5 ,  p l a t e  8 5 ) .  

The u l t i m a t e  s t a g e  i n  m ix i n g  b e tw e e n  f r a g m e n t s  and  m a t r i x ,  w h ich  

was r e f e r r e d  t o  i n  t h e  s e c t i o n  on b a n d i n g ,  i s  fo u n d  i n  RF 38 ( p l a t e  8 6 ) .  

Two t y p e s  o f  m a t r i x ,  a l i k e  e x c e p t  t h a t  one i s  d a r k e r  t h a n  t h e  o t h e r ,



Plate 83. Typical texture of the Lower Agglomerate 
Many of the fragments are themselves fragmental 
(negative). (HP147). x5.

Plate 84. A broken blob at the edge of a fragment 
in the Lower Agglomerate. The pale interstitial 
material is fine-grained carbonate. (RF34). x55.



Plate 85. A blob in a fragment flattened
against one outside it in the Lower Agglomerate.
(RP35).

Plate 86. Mixing of two matrix types, one
darker than the other, in the Lower Agglomerate, 
(negative). (RE38). x5.
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o c c u r  i n  a  r o c k  i n  w h ich  no c l e a r l y  d e f i n e d  f r a g m e n t s  o c c u r . ' The 

d a r k e r  t y p e  p r o t r u d e s  i n t o  t h e  p a l e r  t y p e  i n  t o n g u e s ,  and e n g u l f s  

b i t s  o f  i t .  A v a r i a t i o n  on t h i s  p a t t e r n  i s  s e e n  i n  RF 99 ( p l a t e  8 ? ) ,  

i n  w h ich  a  t o n g u e  o f  a g g l o m e r a t e  w i t h  f r a g m e n t s  o f  up t o  1 cm a c r o s s  

p e n e t r a t e s , a  f a r  f i n e r - g r a i n e d  a g g l o m e r a t e .

B e tw een  t h e  f r a g m e n t s  and  b l o b s ,  t h e r e  i s  an  i n t e r s t i t i a l  

p a c k i n g ,  l a r g e l y  o p a q u e ,  b u t  w i t h  some c a r b o n a t e s  and  f e l s p a r .  I t  

n e v e r  a c c o u n t s  f o r  more t h a n  10% o f  t h e  r o c k .

(3 )  BASEMENT AND PLUTONIC FRAGMENTS.

The b a se m e n t  and p l u t o n i c  f r a g m e n t s  c o m p r i s e  o n l y  a  s m a l l  

p r o p o r t i o n  o f  t h e  Lower A g g lo m e r a te  t h a t  i s  e x p o s e d  ( l e s s  t h a n  3%). 

But  t h e y  a r e  i m p o r t a n t  a s  t h e y  show t h a t  n o t  a l l  t h e  m a t e r i a l  t h a t  

o c c u p i e d  t h e  p o s i t i o n  o f  Rangwa p r i o r  t o  t h e  f o r m a t i o n  o f  t h e  

a g g l o m e r a t e  h a s  b e e n  removed from t h e  v e n t .  A s t u d y  o f  t h e  r a n g e  

o f  t y p e s  o f  f r a g m e n t s  t e n d s  t o  c o n f i r m  t h e  s t r u c t u r e  dedu ced  f o r  

t h e  a l k a l i n e  p l u t o n i c  r o c k s ,  and g i v e s  u s e f u l  e v i d e n c e  f o r  

c o r r e l a t i o n  w i t h  some o f  t h e  e x t r u s i v e  f r a g m e n t a l  r o c k s  on R u s in g a  

and Mfwangano.

Types  r e p r e s e n t e d  i n  t h e  f r a g m e n t s  a r e  g r a n i t e ,  f e n i t e  

( s e v e r a l  g r a d e s ) ,  i j o l i t e ,  b i o t i t e  u n c o m p a h g r i t e , b i o t i t e  p y r o x e n i t e ,  

c a r b o n a t i t e  and  n e p h e l i n i t e  ( p r o b a b l e  dyke r o c k ) .  A l l  t h e s e  r o c k s ,  

i n c l u d i n g  t h e  b i o t i t e  p y r o x e n i t e ,  t h e  o n l y  one w h ich  i s  n e v e r  fo un d  

i n  s i t u ,  a r e  d e s c r i b e d  e l s e w h e r e  ( c h a p t e r  V I ) .  So i n  t h i s  s e c t i o n .
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i t  i s  n o t  n e c e s s a r y  t o  c o v e r  more t h a n  how t h e y  o c c u r  and how t h e y  

have  b e e n  a l t e r e d .

The f r a g m e n t s  have  f e a t u r e s  w h ic h  mark them o f f  s h a r p l y  

from t h e  v o l c a n i c  component  o f  t h e  r o c k .  B e in g  more r e s i s t a n t ,  

t h e y  p r o t r u d e  on w e a t h e r e d  s u r f a c e s ,  and  i t  i s  e a s y  t o  s e e  them 

w h e r e v e r  t h e y  o c c u r  i n  t h e  f i e l d .  Though o c c u r r e n c e s  a r e  w i d e l y  

s c a t t e r e d ,  t h e r e  i s  a  d i s c o n t i n u o u s  zone  o f  h i g h e r  f r e q u e n c y  a lo n g  

t h e  b a s e  o f  t h e  c l i f f s  t o  t h e  n o r t h  and  n o r t h  e a s t .  E x ce p t  f o r  

t h e  f a c t  t h a t  f e n i t e  f r a g m e n t s  a r e  fo u n d  m ost  o f t e n ,  t h e  p r o p o r t i o n s  

o f  d i f f e r e n t  t y p e s  a r e  random ,  and  b e a r  no r e l a t i o n  t o  t h e  n e a r e s t  

i n  s i t u  e x p o s u r e s  o f  p l u t o n i c s .

The f r a g m e n t s ,  w h ich  a r e  up t o  20 cm a c r o s s ,  n o r m a l l y  o c c u r  

i n  g r o u p s  o f  one t y p e ,  and  i t  i s  e v i d e n t  t h a t  t h e  g r o u p s  a r e  t h e  

s h a t t e r e d  r e s i d u e  o f  l a r g e r  f r a g m e n t s  ( p l a t e  8 8 ) .  W hether  

f r a g m e n t s  a r e  a n g u l a r  o r  r o u n d e d  d e p e n d s  on t h e  amount o f  a t t r i t i o n  

a f t e r  b rea lcu p .  I n  some s p e c i m e n s ,  m os t  o f  them a r e  a n g u l a r ,  and  

t h e r e  i s  o n l y  a  s m a l l  q u a n t i t y  o f  m a t r i x  b e tw e e n  them (RF 6l  and  

RF 102 -  p l a t e  8 9 ) ,  b u t  t h e y  a r e  o f t e n  r o u n d e d  i n  t h e  same way a s  

t h e  v o l c a n i c  o n e s ,  and  t h e  amount o f  c h e m i c a l  a l t e r a t i o n  a t  t h e  

edges  o f  f r a g m e n t s  i s  r e l a t e d  t o  t h e  d e g r e e  o f  r o u n d i n g  ( p l a t e  9 0 ) .  

The main r o c k  t y p e  i n  RF 6 l  and  RF 102 i s  low g r a d e  f e n i t e ,  

c o n s i s t i n g  o f  80% c lo u d y  o r t h o c l a s e ,  w i t h  c l e a r  q u a r t z  and  

m i c r o c l i n e ,  and  t h e r e  i s  o n l y  m in o r  r e c r y s t a l l i z a t i o n  t o  f i n e r  

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



X  o

Plate 8 7 . Part of a tongue of agglomerate which 
cuts more fine-grained, banded agglomerate in 
the Lower Agglomerate. (RP99). x2.
Drawing of hand specimen.

Plate 88. Exposure showing angular fragments 
of fenite in the Lower Agglomerate. They 
are parts of a shattered rounded fragment.



A.

Plate 89* Chips of felspathised granite in the 
Lower Agglomerate. (RF6i ). x^.

Plate 9 0 . Rounded ijolite fragment in the Lower 
Agglomerate on Manganga. The reaction rims 
round it have been weathered out*



9^.

a l t e r a t i o n  i s  more e x t e n s i v e .  RF ^4 ( p l a t e  91)  i s  a  sp e c im e n  o f  

u n c o m p a h g r i t e ,  r i n g e d  by  a  s e r i e s  o f  z o n e s  5 -  10 mm t h i c k .  I n s i d e  

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

by a  l a y e r  o f  d a r k  brown n o n c r y s t a l l i n e  m a t e r i a l .  I n s i d e  t h i s ,  

a l l  t h e  c o n s t i t u e n t s  o f  t h e  r o c k  a r e  h i g h l y  c a l c i f i e d .  S o m e t im es ,  

t h e  r o u n d e d  f e n i t e  and  i j o l i t e  f r a g m e n t s  a r e  c o a t e d  by  r e c e n t  

d e p o s i t s  o f  p o t a s s i u m  c h l o r i d e  ( p l a t e  9 0 ) .

Most o f  t h e  m i n e r a l s  i n  t h e s e  f r a g m e n t s  c a n  s u r v i v e  i n  an 

u n a l t e r e d  s t a t e .  O r t h o c l a s e  i n  t h e  f e n i t e  i s  a lw a y s  v e r y  c lo u d y ,  

i n  c o n t r a s t  t o  t h e  c l e a r e r  o r t h o c l a s e  i n  t h e  i n  s i t u  f e n i t e  

(RF 8 5 )-  A l l  t h e  m i n e r a l s  fo u nd  i n  i j o l i t e  a r e  p r e s e r v e d  i n t a c t  

( a s  i n  RF 4 $ ) .  I n  b i o t i t e  u n c o m p a h g r i t e ,  t h e  p e r o v s k i t e ,  m a g n e t i t e  

and b i o t i t e  a r e  n o r m a l l y  u n c h a n g e d ,  w h e r e a s  t h e  m e l i l i t e  i s  a l t e r e d  

a lo n g  i t s  c l e a v a g e  p l a n e s  t o  a  p a l e  n o n c r y s t a l l i n e  m a t e r i a l  

(RF 515 p l a t e  9 2 ) ,  o r  c u t  by  b a n d s  o f  c a l c i t e  ( RF51, p l a t e  9 3 ) .

The b i o t i t e  p y r o x e n i t e  (RF 22 ,  d e s c r i b e d  i n  t h e  c h a p t e r  VI) i s  

u n a l t e r e d  b u t  f o r  a  s l i g h t  c l o u d i n e s s  ' i n  t h e  p y r o x e n e .  C a r b o n a t i t e  

i s  h a r d  t o  r e c o g n i z e  i n  a  r o c k  w h ic h  c o n t a i n s  so much c a r b o n a t e  

anyway; b u t  i n  RF 46 and  RFP l 8 ?  t h e r e  a r e  f r a g m e n t s  c o n s i s t i n g  

o f  c l e a r  c a l c i t e  and  m a g n e t i t e  c r y s t a l s .  I t  i s  t h o u g h t  t h a t  t h e s e  

a r e  r e c r y s t a l l i z e d  c a r b o n a t i t e .

Some p a r t l y  a l t e r e d  c o a r s e  n e p h e l i n i t e  i s  a s s o c i a t e d  w i t h  

f e n i t e  i n  two s p e c im e n s  (RF 6 l  and  RF 102 -  p l a t e  9 4 ) .  I t  s u r v i v e s  

as  a  r o c k  w i t h  d i o p s i d e  p h e n o c r y s t s  up t o  6 mm lo n g  i n  a  g rou n dm ass



Plate 9 1 . Reaction rims, composed of carbonate 
and ore round a biotite uncompahgrite fragment 
in the Lower Agglomerate. (RF54). x^.

Plate 9 2 . Melilite altered to carbonate along 
its cleavage planes and in small veins in a 
fragment of biotite uncompahgrite in the
Lower Agglomerate. (RF5 1 ). x8 0 .
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Plate 93. Slight alteration of melilite along its 
cleavage planes in a fragment of biotite 
uncompahgrite in the Lower Agglomerate (under 
crossed polarisera). (RF3 1 )* x33*

Plate 9 4 . Comparatively unaltered nepheline fragments 
associated with chips of felspathised granite in the 
Lower Agglomerate. (RF6i). x^.
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o f  c a r b o n a t e ,  f e l s p a r  and m a g n e t i t e .  In  b o t h  c a s e s  i t  i s  i n t i m a t e l y  

c o n n e c t e d  w i t h  t h e  f e n i t e ,  and i s  o n l y  s e p a r a t e d  from i t  by a  b and  

o f  v e r y  f i n e  f e l s p a r .  S i n c e  t h e  n e p h e l i n i t e  i s  l e s s  a l t e r e d  t h a n  

what  i s  fo un d  i n  t h e  v o l c a n i c  component o f  t h e  a g g l o m e r a t e ,  and 

i t s  t e x t u r e  i s  d i f f e r e n t ,  i t  p r o b a b l y  r e p r e s e n t s  e a r l i e r  dyk es  i n  

t h e  g r a n i t e ,  w h ic h  had  s o l i d i f i e d  p r i o r  t o  t h e  f o r m a t i o n  o f  t h e  

a g g l o m e r a t e .

(4 )  CARBONATION AND FELSPATHISATIQN.

The a l t e r a t i o n  o f  much o f  t h e  Lower A g g lo m era te  t o  c a r b o n a t e s  

and z e o l i t e s  i s  due t o  a  p r o c e s s  o f  a u to m e ta s o m a t i s m  and n o t  t o  t h e  

i n t r o d u c t i o n  o f  c a r b o n a t e  when t h e  l a t e r  c a r b o n a t i t e s  were  e m p la c e d .  

T h is  i s  c l e a r  f rom s e v e r a l  f e a t u r e s  s e e n  i n  t h e  p a t t e r n  o f  

a l t e r a t i o n ,  and  i s  c o n f i r m e d  by c h e m ic a l  work .

I n  t h e  v o l c a n i c  com ponen t ,  n e p h e l i n e  n o r m a l l y  c h a n g e s  t o  

f e l s p a r  ( t h e  X - r a y  d i f f r a c t i o n  p a t t e r n  o f  t h e  f e l s p a r  shows t h a t  

i t  i s  g e n e r a l l y  o r t h o c l a s e ,  e x c e p t  c l o s e  t o  t h e  b a sem e n t  f r a g m e n t s  

where some m i c r o c l i n e  s u r v i v e s )  and most  o t h e r  s i l i c a t e s  t o  

c a r b o n a t e s .  T h i s  h a p p e n s  i n  t h e  m id d le  j u s t  a s  much a s  a t  t h e  

e d g e s  o f  f r a g m e n t s .  A p a r t  from f e l s p a t h i s a t i o n  o f  some o f  t h e  

i n t e r s t i t i a l  m a t e r i a l ,  o n l y  a c t u a l  c r y s t a l s  a r e  a l t e r e d ,  and t h e  

b o u n d a r i e s  o f  b o t h  pseud o m o rp h s  and f r a g m e n t s  a r e  s t i l l  f i r m ,  w i t h  

v e r y  l i t t l e  g r o w th  o f  s e c o n d a r y  m a t e r i a l  a c r o s s  them. T h i s  p r o c e s s  

i s  u n i v e r s a l ,  b u t  t h e  i n d i s c r i m i n a t e  d e v e lo p m e n t  o f  l a r g e  c a l c i t e



9 7 .

and f e l s p a r  c r y s t a l s ,  w h ic h  t e n d s  t o  d e s t r o y  t h e  t e x t u r e  o f  t h e  

r o c k ,  o n l y  o c c u r s  n e a r  c a r b o n a t i t e  i n t r u s i o n s ;  i t  w i l l  be  

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

The b a s e m e n t  and  p l u t o n i c  f r a g m e n t s ,  t h o u g h  t h e y  c o n t a i n  

many o f  t h e  same m i n e r a l s  t h a t  a r e  a l t e r e d  i n  t h e  v o l c a n i c  f r a g m e n t s ,  

n o t a b l y  n e p h e l i n e ,  p y r o x e n e  and m e l i l i t e ,  a r e  l a r g e l y  u n c h a n g e d ,  

e x c e p t  f o r  t h e  r e a c t i o n  r i m s  ro u n d  t h e  e d g e s .  The r im s  o f t e n  

c o n t a i n  l a y e r s  o f  p u r e  c a l c i t e ,  and  a r e  formed by  t h e  i n w a r d  

m i g r a t i o n  o f  c a r b o n a t e .  So c l e a r l y  t h e  c a r b o n a t e  o r i g i n a t e d  from 

th e  v o l c a n i c  p a r t  o f  t h e  r o c k  r a t h e r  t h a n  from e x t e r n a l  s o u r c e s .

A s e l e c t i o n  o f  s p e c im e n s  i n  w h ic h  t h e r e  a r e  n e g l i g i b l e  am oun ts  

o f  b a se m e n t  and  p l u t o n i c  f r a g m e n t s  was t e s t e d  f o r  t h e  p e r c e n t a g e  by 

w e ig h t  o f  CO^; t h e  w e i g h t  p e r c e n t a g e  o f  CaCO^ was c a l c u l a t e d ,  s i n c e  

th e  X - r a y  d i f f r a c t i o n  p a t t e r n  o f  a  r e p r e s e n t a t i v e  sam p le  o f  

sp e c im e n s  o f  t h e  p y r o c l a s t i c s  shows c a l c i t e  t o  be t h e  p r e d o m i n a n t  

c a r b o n a t e ,  a l t h o u g h  t h e r e  a r e  o c c a s i o n a l l y  s m a l l  am ounts  o f  d o l o m i t e  

and a n k e r i t e ,  an d  t h e  f o l l o w i n g  r e s u l t s  were  o b t a i n e d : -

R? 37 24.64%

RF 14-3 29.27%

RF 14-2 2 9 . 98%

RF 39 3 0 . 33%

RF 38 33.10%

RF 49 3 5 . 21%

RF 2 35.46%



RF 23 3 6 . 23%

RF 72  37 .24%

RF 33 40 .93%

The r e s u l t s  show t h a t ,  d e s p i t e  t h e  l a r g e  q u a n t i t i e s  o f  c a r b o n a t e ,  

t h e  s p r e a d  o f  v a l u e s  i s  n o t  g r e a t .  The Lower A g g lo m e ra te  i s  n e v e r  

fou nd  i n  c o n t a c t  w i t h  t h e  c e n t r a l  c a r b o n a t i t e s ,  b u t  t h e  e f f e c t  o f  

p r o x i m i t y  can  b e  s e e n  i n  t h e  c a r b o n a t e  v a l u e s  o f  t h e  T u f f  Group 

( s e e  b e l o w ) ,  w h ich  a r e  r a i s e d  to  o v e r  t w i c e  t h e  n o rm a l  u n d e r  t h e  

i n f l u e n c e  o f  t h e  Mwisasu C a r b o n a t i t e .  So i f  t h e  w i d e s p r e a d  

c a r b o n a t i o n  was c a u s e d  by u n d e r l y i n g  c a r b o n a t i t e  o r  by  t h e  s m a l l  

s c a l e  c a r b o n a t i t e  d y k e s  and c o n e s h e e t s ,  t h e  v a l u e s  would be f a r  

h i g h e r  and  more e r r a t i c .

The p o s s i b i l i t y  t h a t  t h e  c a r b o n a t i o n  and f e l s p a t h i s a t i o n  

were  c a u s e d  by t h e  l a t e  a c t i o n  o f  g r o u n d w a t e r  i s  u n l i k e l y ,  a s  t h e  

a l t e r a t i o n  i s  f a r  g r e a t e r  t h a n  and v e r y  d i f f e r e n t  f rom what  o c c u r s  

i n  most  o f  t h e  n e p h e l i n i t e  a g g l o m e r a t e s  o f  t h e  K i s i n g i r i  V o lc an o ,  

a l t h o u g h  b o t h  must  ha v e  b e e n  s u b j e c t e d  to  s i m i l a r  g r o u n d w a te r  

c o n d i t i o n s .

The w a t e r  and  o t h e r  v o l a t i l e s  r e s p o n s i b l e  f o r  t h e  c a r b o n a t i o n  

and f e l s p a t h i s a t i o n  a r e  r e g a r d e d  a s  h a v in g  b e e n  i n t e g r a l  c o n s t i t u e n t s  

o f  t h e  a g g l o m e r a t e  a t  t h e  t im e  o f  i t s  em p lac em e n t .  The p r o c e s s  

may be a n a l o g o u s  t o  t h e  a l t e r a t i o n  o f  some o f  t h e  f e l s p a r s  and  t h e  

g roundm ass  o f  t e s c h e n i t e  t o  a n a l c i t e  and  z e o l i t e s ,  a s  i n  t h e  L ugar  

S i l l  ( T y r r e l l  1 9 1 7 ) ,  o r  t h e  l a t e  s t a g e  a l t e r a t i o n  o f  n e p h e l i n e  t o
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c a n c r i n i t e  and p e c t o l i t e  i n  t h e  i j o l i t e s  a t  Napak (King 1 9 4 9 ) .

3 .  TUFF GROUP.

The t u f f ,  a l t h o u g h  c o n t i n u i t y  o f  o u t c r o p  p a t t e r n  and 

s t r u c t u r e  shows t h a t  i t  fo rm s  one u n i t ,  can  be  s p l i t  i n t o  two 

f a c i e s

1 .  Bedded T u f f .

2 .  Banded  T u f f .

The Bedded  T u f f  o c c u r s  p r e d o m i n a n t l y  i n  t h e  n o r t h ,  and t h e  

Banded L a p i l l i  T u f f  i n  t h e  s o u t h .  The b o u n d a ry  b e tw e e n  t h e  two 

l i t h o l o g i e s  r u n s  w e s t  from t h e  lo w e r  p a r t  o f  N y a n d i g id a ,  and must  

be somewhere b e tw e e n  t h e  t u f f  o u t c r o p s  on Mbuwi and  M u i t h e r e r e .  

B e cau se  o f  p o o r  e x p o s u r e ,  t h e  b o u n d a ry  on t h e  map i s  t e n t a t i v e ,  and  

th e  p o s i t i o n s  from w h ich  t h e  sp e c im e n s  were  c o l l e c t e d  show t h a t  

t h e r e  m ust  be  i n t e r f i n g e r i n g .  :

(1 )  BEDDED TUFF.

The Bedded T u f f  c o n s i s t s  o f  a  s e r i e s  o f  e v e n l y  s p a c e d  l a y e r s  

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

w e a t h e r i n g  ( p l a t e  9 3 ) .  They have an  a v e r a g e  i n w a r d  d i p  o f  l 4 ^ ;  

i n  t h e  n o r t h  e a s t ,  t h e y  a r e  o f t e n  l e v e l ,  and e l s e w h e r e  t h e y  may 

d ip  a s  much a s  2 3 ^ .  The g r e a t e s t  e x p o se d  t h i c k n e s s  o f  t h e  Bedded 

T u f f  i s  a b o u t  730 f t .  n o r t h  w e s t  o f  N y a n d i g id a ,  b u t  i t  i s  n o t  known 

how t h i c k  t h e  s u c c e s s i o n  was o r i g i n a l l y .

The s e q u e n c e  shows l i t t l e  v a r i a t i o n ,  e x c e p t  t h a t  t h e  l o w e r
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p a r t  i n c l u d e s  b a n d s  o f  a g g l o m e r a t e .  Beds a r e  b e tw e e n  2 mm and  

3 cm t h i c k ,  and  t h e  same o n e s  a r e  c o n t i n u o u s  o v e r  l o n g  d i s t a n c e s ,  

b u t  t h e  t h i c k n e s s  o f  e a c h  bed  i s  n e v e r  c o n s t a n t  ( p l a t e s  96  and  9 7 ) .  

Most e x p o s u r e s  show s m a l l  d i s c o n f o r m i t i e s  i n  t h e  b e d d in g  

( p l a t e s  9 6 , 97 and  98 and  f i g u r e  I 8 ) .  These  a r e  n o t  t h e  r e s u l t  

o f  s t r a i g h t f o r w a r d  c r o s s b e d d i n g ,  b u t  o f  a  s u c c e s s i o n  o f  m in o r  

e r o s i o n  s u r f a c e s ,  w h ich  so m e t im es  o c c u r  e v e r y  few c e n t i m e t r e s .  So 

t h e  d i r e c t i o n  o f  o v e r l a p  i s  random . The c o n f i g u r a t i o n  o f  t h e  

s u r f a c e s  i s  a  s e r i e s  o f  g e n t l e  t r o u g h s  and humps, and  t h e  b e d s  

above  them a r e  c o n t i n u o u s ,  t h o u g h  t h e y  t h i c k e n  i n  t h e  t r o u g h s  and  

t h i n  o u t  o v e r  t h e  humps.

Slump s t r u c t u r e s  a r e  an  o c c a s i o n a l  f e a t u r e  ( p l a t e  9 9 ) -  The 

b e d d i n g  i s  d i s t u r b e d ,  b u t  u n b ro k e n ,  f o r  s e v e r a l  f e e t ,  a f t e r  w h ic h  

t h e  n o rm a l  b e d d i n g  i s  r e s u m e d .

A number o f  s e d i m e n t a r y  f e a t u r e s  c a n  be  s e e n  w i t h i n  e a c h  

b e d .  T here  i s  r o u g h  g r a d i n g  (SF 10 and  RF 1 1 ,  p l a t e  1 0 0 ) ,  a l t h o u g h  

s o r t i n g  i s  n e v e r  e f f i c i e n t .  C o a r s e r  f r a g m e n t s  so m e t im es  s in lc  i n t o  

th e  t o p  o f  t h e  bed  b e lo w  (RF 10 ,  p l a t e  1 0 1 ) .  The s u r f a c e  b e tw e e n  

b e d s  may be wavy (RF 11 ,  p l a t e  1 0 2 ) ;  t h e  n o rm a l  l e n g t h  o f  t h e  

waves i s  1 0 .3  mm and t h e  a m p l i t u d e  i s  1 .3  mm; however  t h e y  a r e  

f a r  l e s s  r e g u l a r  t h a n  c o n v e n t i o n a l  r i p p l e  m a rk s .  A r e v e a l i n g  

s i t u a t i o n  e x i s t s  when t h e  l o w e r  p a r t s  o f  b e d s  i n c l u d e  b i t s  f rom 

t h e  b e d s  b e lo w .  I n  RF 129 ,  s e v e r a l  v e r y  f i n e  b e d s ,  e a c h  a b o u t  1 mm 

t h i c k ,  a r e  s u c c e e d e d  by a  c o a r s e r  o n e ,  w h ich  b r e a k s  i n t o  t h e  b e d s



Plate 9 3 « Bedded Tuff with minor erosion
surfaces, succeeded by a coarser bed, from 
a loose block from the northreast of Rangwa.

Plate 9 6 .  Minor erosion surfaces and thick
ening and thinning of beds in the Bedded Tuff, 
from an overturned block.
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P l a t e  9 7 » B e d d e d  T u f f  w i t h  f i n e  b e d s  a n d  
f e w  e r o s i o n  s u r f a c e s .

P l a t e  9 8 . An e r o s i o n  s u r f a c e  i n  t h e  B e d d e d  T u f f



Plate 9 9 . Slumping in the Bedded Tuff.

Plate 100. The top of a graded bed in the 
Bedded Tuff. The pale fragments are of 
carbonate. (RFll). x25.



Plate 101. A fraient in the Bedded 'Puff 
which has sunk into the top of the bed 
below. Most of the pale material is 
carbonate. (RPIO). x80.

Plate 102. Ripple-like features between beds in the 
Bedded Tuff. (RPll). x25.
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b e lo w ,  and  c o n t a i n s  s l i v e r s  f rom  them ( p l a t e  103)* I n  RF 1 1 ,  t h e  

s u r f a c e  b e tw e e n  b e d s  h a s  t h e  waves m e n t i o n e d  a b o v e ,  b u t  t h e y  a r e  

a lw a y s  a s s y m e t r i c a l  i n  t h e  same d i r e c t i o n ,  and i r r e g u l a r  p a t c h e s  

o f  l o o s e  m a t e r i a l  a r e  b r o k e n  o f f  f rom t h e  l o w e r  b e d  and i n c l u d e d  

i n  t h e  u p p e r  o n e .

The t u f f ,  w h ich  i s  d a r k  g r e y  o r  brown i n  hand  s p e c im e n ,  i s  

h a r d  and w e l l - c o n s o l i d a t e d ,  b u t  h i g h l y  a l t e r e d .  I t  i s  composed 

a lm o s t  e n t i r e l y  o f  f r a g m e n t a l  m a t e r i a l ,  wh ich  i s  n o r m a l l y  s u b a n g u l a r ,  

and whose g r a i n  s i z e  v a r i e s  b e tw e e n  .0 0 2  mm and 4 mm; h e n c e  t h e r e  

i s  no d i s t i n c t i o n  o f  m a t r i x  f rom f r a g m e n t s .  D a ta  f rom p e t r o l o g i c a l  

work i s  d i s a p p o i n t i n g ,  and  many s p e c im e n s  exam ined  i n  t h i n  s e c t i o n  

a r e  an am orphous  mass  o f  brown and r e d  m a t e r i a l .  F ra g m e n ts  c o n s i s t  

l a r g e l y  o f  i n t e r g r o w t h s  o f  c a l c i t e  and f e l s p a r .  A p a r t  from t h e  

o c c a s i o n a l  p i e c e  o f  a l t e r e d  l a v a ,  i t  i s  i m p o s s i b l e  t o  s p o t  any 

p s e u d o m o rp h s .  F o r  t h i s  r e a s o n ,  i t  i s  t h o u g h t  t h a t  many o f  them 

r e p r e s e n t  p a r t l y  c r y s t a l l i z e d ,  c a r b o n a t e - r i c h  v o l c a n i c  g l a s s .

U s u a l l y  t h e  c a l c i t e  and  f e l s p a r  a r e  c l o u d y ,  and  t h e  f r a g m e n t s  a r e  

e n c l o s e d  i n  d a r k  r i m s  (RF 10 ,  p l a t e  1 0 4 ) .  The g a p s  b e tw e e n  f r a g m e n t s  

may be  o c c u p i e d  by  e l o n g a t e d  p a t c h e s  o f  c l e a r  c a l c i t e .

Few u n a l t e r e d  m i n e r a l  f r a g m e n t s  a r e  fo u n d .  Most sp e c im e n s  

have some f r a g m e n t a l  a p a t i t e ,  and  o c c a s i o n a l l y  p e r o v s k i t e .

RF 4 ? ,  w h i l e  r e t a i n i n g  most  o f  t h e  o t h e r  f e a t u r e s  o f  t h e  

Bedded T u f f ,  h a s  num erous  b r o k e n  a c c r e t i o n a r y  l a p i l l i .  They w i l l  

be d i s c u s s e d  i n  a  l a t e r  s e c t i o n .



Plate 1 0 5 . A bed in the Bedded Duff that has been
broken up by and included in ther bed above. 
(RFI2 9 ). x3. Drawing of hand specimen.

Plate 104. Typical texture of Bedded Tuff. 
Fine-grained carbonate and felspar occur 
between mainly non-crystalline fragments. 
(RFIO). x80.



102.

( 2 )  BANDED TUFF.

The Banded L a p i l l i  T u f f  i s  a  h a r d  w e l l - c o n s o l i d a t e d  r o c k ,  

whose c o l o u r  v a r i e s  from l i g h t  t o  d a r k  g r e y .  A l th o u g h  t h e  r o c k  

g e n e r a l l y  c o n t a i n s  a c c r e t i o n a r y  l a p i l l i ,  t h e  t e x t u r e  and  a p p e a r a n c e  

a r e  n o t  c o n s t a n t ,  b e c a u s e  o f  c h a n g e s  i n  t h e  c o m p o s i t i o n  and 

p r o p o r t i o n  o f  t h e  o t h e r  c o m p o n e n ts .  The t u f f  i s  s t r a t i f i e d ,  and  

h a s  p o o r l y  d e f i n e d  b a n d s  ( p l a t e  105)  a l o n g  w h ic h  t h e  o v a l  l a p i l l i  

a r e  a l i g n e d ;  t h e  b a n d i n g  i s  p a r t l y  due t o  v a r i a t i o n s  i n  t h e  

p r o p o r t i o n  o f  f r a g m e n t s  t o  m a t r i x .  However,  g r a d i n g  o f  t h e  f r a g m e n t s  

i s  i n f r e q u e n t ,  a n d ,  u n l i k e  t h e  b e d s  i n  t h e  Bedded T u f f ,  t h e  b a n d s  

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

n e v e r  f o u n d .  The a v e r a g e  d i p  o f  t h e  b a n d s  t o w a r d s  t h e  c e n t r e  o f  

Hangwa i s  2 8 ° ,  and  i t  v a r i e s  b e tw e e n  20°  and  5 0 ° .

The m a t r i x ,  w h ic h  i s  a lw a y s  a  l a r g e  p a r t  o f  t h e  r o c k  and  

so m e t im es  t h e  whole  o f  i t ,  i s  g e n e r a l l y  g r e y ,  b u t  o c c a s i o n a l l y  

w h i t e  (RF 162 ,  p l a t e  1 0 6 ) ,  o r  r e d  (RF 2 0 ) .  The s m a l l e r  t h e  number 

o f  f r a g m e n t s ,  t h e  d a r k e r  c o l o u r e d  and  f i n e r  g r a i n e d  t h e  m a t r i x  

beco m es .  I t  c o n s i s t s  o f  m in u te  s p e c k s  o f  opaque  n o n c r y s t a l l i n e  

m a t e r i a l  i n  a  b a c k g r o u n d  o f  shadowy c a l c i t e  c r y s t a l s .  I t  i s  c l e a r l y  

f r a g m e n t a l ,  b u t  t h e  e d g e s  o f  t h e  f r a g m e n t s  a r e  b l u r r e d  and 

i n d e t e r m i n a t e  (RF162,  p l a t e  1 0 7 ) .  When t h e  m a t r i x  i s  w h i t e ,  i t  i s  

formed from u n c l o u d e d  c a l c i t e  i n  c r y s t a l s  up t o  5 mm a c r o s s .  I n  

RF 20 t h e r e  i s  a  f a r  l a r g e r  amount o f  f e l s p a r  t h a n  c a r b o n a t e ;  

o t h e r w i s e  f e l s p a r  se ld o m  f o u n d .
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Plate 105* Exposure of Banded Tuff on Endoverenia.

Plate 1 0 6 . Banded Tuff with a matrix of crystalline, 
white carbonate. (RFI6 2 ). x-J-.
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The m a t r i x  a lw a y s  i n c l u d e s  a  few c r y s t a l s  and  p seudom orphs  

o f  o t h e r  m i n e r a l s ,  and  t h e s e  have  b e e n  i d e n t i f i e d : -  a p a t i t e ,  

p y r o x e n e ,  b i o t i t e ,  n e p h e l i n e ,  m e l i l i t e ,  m e l a n i t e  and  m a g n e t i t e .

As i n  t h e  o t h e r  p y r o c l a s t i c s , a p a t i t e  i s  p r e s e n t  u n i v e r s a l l y  a s  

s m a l l ,  s u b h e d r a l  c r y s t a l s .  P y ro x e n e  i s  n o r m a l l y  u n a l t e r e d ,  b u t  

so m e t im es  p a r t l y  c a l c i f i e d .  The common t y p e  i s  d i o p s i d e  w i t h  

s e v e r a l  r i m s  o f  a e g i r i n e - a u g i t e , and  i s  s i m i l a r  t o  t h e  p y r o x e n e  

fo u n d  i n  t h e  n e p h e l i n i t e  l a v a s  ( H F l 62 , p l a t e  1 0 8 ) ;  so m e t im es  t h e  

p y r o x e n e s  c o n s i s t  o f  i r r e g u l a r  p a t c h e s  w i t h  s l i g h t l y  d i f f e r e n t  

e x t i n c t i o n  a n g l e s .  B i o t i t e  o c c u r s  i n  m ost  s p e c i m e n s ,  and i s  e i t h e r  

u n a l t e r e d  o r  p a r t l y  c a r b o n a t e d .  The c a r b o n a t i o n  a f f e c t s  t h e  

p y r o x e n e  and b i o t i t e  more i n  t h e  m id d l e  o f  t h e  c r y s t a l s  t h a n  a t  t h e  

e d g e s ,  and  an  e x t r e m e  c a s e  i s  fou n d  i n  RF 58 ' . "  . j w h ich

i n c l u d e s  a  g r o u p  o f  c a l c i t e  c r y s t a l s  e n c l o s e d  i n  a  r im  o f  b i o t i t e .  

N e p h e l i n e  i s  p r e s e n t  u n a l t e r e d  i n  a  few sp e c im e n s  (RF 9 2 ) ,  and  

t h e r e  a r e  a e o l i t i s e d  p seu d om o rp hs  i n  many more (RF 1 5 9 ) .  M e l i l i t e  

i s  n e v e r  fo u n d  u n a l t e r e d ,  b u t  c lo u d y  c a l c i t e  - c r y s t a l s  o c c u r  i n  

s m a l l  n e e d l e s ,  some o f  w h ic h  have  a  m ed ian  c r a c k ;  t h e s e  a r e  t h o u g h t  

t o  be  p se u d o m orp hs  a f t e r  m e l i l i t e  (RF l 6 0 ,  p l a t e  l l O ) .  The r o c k  

n e a r l y  a lw a y s  c o n t a i n s  e u h e d r a l  m e l a n i t e  c r y s t a l s  (RF 112 ,  RF l 6 0 ,  

p l a t e  1 1 1 ) ,  w h ic h  a r e  p r o m i n e n t  i n  t h e  f i e l d .  U n l ik e  t h a t  i n  t h e  

i j o l i t e ,  t h e  m e l a n i t e  i s  n o t  a  r e p l a c e m e n t  m i n e r a l ;  i t  i s  n o t  

zoned  b u t  i s  b l a c k  o r  d a r k  brown t h r o u g h o u t .  A n h e d r a l  b l a c k  s p e c k s ,  

which  o c c u r  e v e r y w h e r e  i n  t h e  r o c k ,  a r e  p r o b a b l y  composed o f  m a g n e t i t e



Plate 1 0 7 . The texture of the Banded Tuff.
Most of the pale patches are carbonate. A 
crystal of biotite is in the middle. (RFI6 2) x80.

Plate 108. A pyroxene crystal in the Banded Tuff. 
( R F 1 6 2 ) .  X 1 5 5 .



Plate 1 0 9 . A partly calcified pyroxene crystal 
in the Banded Tuff. (RF96). x80.

Plate 110. A possible pseudomorph after melilite 
in carbonate in the Banded Tuff. (RP161). x80.



Plate 111. Euhedral melanite crystal in the 
ISeincled {Tiijif. (]R]?]L].2)) . .

Plate 112. Fragment of altered lava coated with
fine-grained material in the Banded Tuff. (HF92). x25
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o r  one o f  i t s  a l t e r a t i o n  p r o d u c t s .

The s i z e  o f  t h e  c r y s t a l s  and  c r y s t a l  f r a g m e n t s  v a r i e s  w i t h  

t h e  g r a i n  s i z e  o f  t h e  r e s t  o f  t h e  m a t r i x ,  w h ich  f a l l s  b e tw e e n  an  

a v e r a g e  o f  .0 5  mm i n  RF 96  and  2 mm i n  RF 5 8 . T h e re  i s  se ld om  

any  o r i e n t a t i o n  among t h e  m i n e r a l s ,  and  even  t h e  b i o t i t e  do es  n o t  

l i e  p a r a l l e l  t o  t h e  b a n d i n g  p l a n e s  i n  t h e  t u f f .  C r y s t a l  e d g e s ,  

e s p e c i a l l y  o f  t h e  p y r o x e n e  an d  b i o t i t e ,  a r e  r a g g e d  b u t  w i t h o u t  

r e a c t i o n  r i m s ,  an d  t h e y  a r e  o c c a s i o n a l l y  c o a t e d  w i t h  f i n e  

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

RF 92  . . .

The l a r g e r  f r a g m e n t s  i n  t h e  Banded T u f f  a r e  l a v a ,  p l u t o n i c  

f r a g m e n t s ,  c a r b o n a t e d  g l a s s  and  a s h  and  l a p i l l i  and  b r o k e n  l a p i l l i .

Lava  f r a g m e n t s  a r e  i n f r e q u e n t ;  t h e y  a r e  up t o  1 cm a c r o s s ,  and 

g e n e r a l l y  i n c l u d e  u n a l t e r e d  p y r o x e n e  and  m a g n e t i t e ,  b u t  t h e  o t h e r  

m i n e r a l s  have  b e e n  ch ang ed  t o  c a r b o n a t e  and  f e l s p a r  (RF I 5 8 , p l a t e  1 1 5 ) ;  

t h e i r  t e x t u r e  i s  s i m i l a r  t o  t h a t  o f  t h e  l a v a  f r a g m e n t s  from t h e  

Lower A g g l o m e r a t e .  They have  i r r e g u l a r  o u t l i n e s  and  a r e  a l i g n e d  

p a r a l l e l  t o  t h e  b a n d i n g .  I n  RF I 58 and  RF I 65 ( p l a t e  l l 4 ) ,  t h e  

ed g e s  o f  t h e  f r a g m e n t s  a r e  so  t o r t u o u s  t h a t  t h e y  must  have  b e e n  

l i q u i d  o r  p l a s t i c  a t  t h e  t im e  o f  f o r m a t i o n  o f  t h e  r o c k .

No b a se m e n t  f r a g m e n t s  were  f o u n d ,  and  o n l y  one sp e c im e n  

c o n t a i n s  a  r e c o g n i z a b l e  p l u t o n i c  f r a g m e n t ;  i n  RF 504 ,  t h e r e  i s  a  

ro u n d e d  f r a g m e n t  o f  h i g h l y  f e l s p a t h i s e d  i j o l i t e .  Sometimes 

f r a g m e n t s  o f  c l e a r  c a r b o n a t e  o c c u r ,  b u t  i t  i s  u n c e r t a i n  w h e th e r



Plate 1 1 5 . The groundmass of an altered lava 
fragment in the Banded Tuff. Magnetite and 
pyroxene crystals are set in noncrystalline 
material. (RPI5 8). x310.

Plate 114. An altered lava fragment with irregular 
edges in the Banded Tuff. The large pale areas 
are pseudomorphs in fine-grained carbonate. 
(RP158). x55.
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t h e s e ' a r e  c a r b o n a t i t e •

F a r  more f r e q u e n t  a r e  l a t h s  o f  d a r k  m a t e r i a l  up t o  2 cm l o n g  

and w i t h  s h a r p  e n d s .  T h e i r  o c c u r r e n c e  i s  w i d e s p r e a d ,  and t h e y  

a c c e n t u a t e  t h e  s t r a t i f i e d  a p p e a r a n c e  o f  t h e  t u f f .  They a r e  

n o n c r y s t a l l i n e ,  and a r e  fo rm ed  from d a r k  b rown,  s p e c k l e d  m a t e r i a l  

(HF 1 3 4 , p l a t e  1 1 5 ) .  U s u a l l y  c l e a r  c a l c i t e  c r y s t a l s  a r e  fo rm ed  i n  

them ,  and t h e s e  w i l l  be  r e f e r r e d  t o  i n  t h e  s e c t i o n  on c a r b o n a t i o n .  

The l a t h s  a r e  c o n s i d e r e d  t o  be  decomposed c a r b o n a t e - r i c h  g l a s s .

A c c r e t i o n a r y  l a p i l l i  a r e  t h e  most  d i s t i n c t i v e  f e a t u r e  o f  

t h e  t u f f ,  and  a r e  fo u n d  i n  v a r y i n g  q u a n t i t i e s  t h r o u g h o u t ;  i n  

some e x p o s u r e s  t o  t h e  n o r t h  o f  Rangwa, t h e y  c o m p r i s e  o v e r  20% o f  

t h e  r o c k ,  ( p l a t e  I I 6 ) .  They o c c u r  b o t h  a l o n e  and w i t h  f r a g m e n t s  

o f  t h e  t y p e s  d e s c r i b e d  a b o v e ,  and  t e n d  t o  be  c o n c e n t r a t e d  i n  b a n d s .  

They a r e  r e g u l a r  o b l a t e  s p h e r o i d s ,  ( w i t h  t h e  m a jo r  a x i s  w h ic h  i s  

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

( p l a t e s  o f  ' s p e c im e n s  o f  l a p i l l i  t u f f  -  p l a t e s  117 and I I 8 ) .

The n o rm a l  l e n g t h  o f  t h e  m a jo r  a x i s  i s  a b o u t  7 . 5  mm; t h e  l o n g e s t  

one m e a s u r e d  i s  1 5 . 2  mm ( i n  RF 2 0 ) ,  and  some s p e c im e n s  c o n t a i n  

l a p i l l i  whose m a j o r  a x e s  m e a su re  o n l y  2 mm ( i n  RF 170 and RF 2 9 7 )9 

b u t  t h e  l e n g t h  a p p e a r s  t o  be  f a i r l y  c o n s t a n t  i n  any  one s p e c i m e n .

The l e n g t h  o f  t h e  m in o r  a x i s  i s  on a v e r a g e  62% o f  t h e  m a jo r  a x i s ,  

b u t  t h e  p e r c e n t a g e  v a r i e s  i n  d i f f e r e n t  s p e c i m e n s .  The s p r e a d  o f  

p e r c e n t a g e s  i s  shown b e lo w ,  and  t h e y  a r e  t h e  a v e r a g e s  f rom  s p e c im e n s  

w hich  c o n t a i n  enough  l a p i l l i  f o r  t h e  c a l c u l a t i o n  t o  be s i g n i f i c a n t .



Plate 1 1 5 . Dark laths in a matrix of pale
carbonate in Banded Tuff. Large radiating 
carbonate crystals occur in the larger laths. 
( R F I 3 4 ) .  x 2 5 .

Plate 1 1 6 . Exposure of Banded Tuff with lapilli
protruding on the weathered surface from Manganga.



mem
Plate 1 1 7 . Accretionary lapilli in the Banded Tuff 

(negative). (EP96). x4.

Plate 118. Accretionary lapillus in Banded Tuff
(EP96X x25.



Plate 1 1 9 . Grading at the margin of an
accretionary lapillus in the Banded Tuff. 
(RP160). x80.

Plate 120. Broken accretionary lapilli in the 
Banded Tuff (negative) (RFI6O). xj.



Plate 121. Broken accretionary lapilli in the 
Banded Tuff (negative). (RP160;. xlO.

Plate 122. Broken accretionary lapillus with a 
thick skin in the Banded Tuff (negative). 
(RP160). xlO.
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The a v e r a g e  s i z e  o f  t h e  l a p i l l i  i n  e a c h  s p e c im e n  i s  n o t  g i v e n ,  

b e c a u s e  o f  t h e  d i f f i c u l t y  o f  d e c i d i n g  when a  l a p i l l u s  i s  c u t  

e x a c t l y  i n  h a l f ;  h o w e v e r ,  o p p o s i t e  e a c h  ex am p le ,  t h e  n o rm a l  s i z e  

o f  t h e  o t h e r  f r a g m e n t s  i n  t h e  r o c k  i s  shown

HF 170 47% None .

RF 135 49% .5  mm.

RF 112 57% .5  mm.

RF 160 57% 1 . 2  mm

RF 297 59% N one .

RF 172 59% 2 .5  mm

RF 192 61% 2 mm.

RF 188 64% 4 mm.

RF l 6 6 67% N one .

RF 20 70% 3 mm.

RF 92 70% 3 mm.

RF l 8 l 71% 13 mm.

RF 169 76% 12 -mm.

So ,  up t o  a  p o i n t ,  t h e  c o m p a r a t i v e  l e n g t h  o f  t h e  v e r t i c a l  a x e s  o f  

t h e  l a p i l l i  i n c r e a s e s  w i t h  t h e  s i z e  o f  t h e  o t h e r  f r a g m e n t s  i n  t h e  

r o c k .  T h e i r  s h a p e  i s  a l m o s t  p e r f e c t ,  and  t h e r e  i s  t h e  same amount 

o f  f l a t t e n i n g  a t  t h e  t o p  a s  a t  t h e  b o t to m .

The l a p i l l i  a r e  composed o f  t h e  same c lo u d y  f r a g m e n t a l  

m a t e r i a l  a s  t h e  m a t r i x  o f  t h e  t u f f .  T h e i r  c e n t r e s  a r e  c o m p a r a t i v e l y  

c o a r s e ,  and  t h e  o u t s i d e s  f i n e ;  h en ce  t h e  c o l o u r  c h a n g e s  from p a l e
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t o  d a r k  g r e y ,  and  t h e  o u t s i d e s  a r e  more com p a c t ,  so  t h a t  t h e  

l a p i l l i  t e n d  t o  s t i c k  o u t  on w e a t h e r e d  s u r f a c e s  ( p l a t e  l l 6 ) .  A 

l a p i l l u s  may be  s u r r o u n d e d  by  s e v e r a l  r i n g s ,  and  e a c h  one shows a  

g r a d a t i o n  f rom c o a r s e  t o  f i n e  m a t e r i a l  (RFI60  and  RF 1 1 2 ,  p l a t e  1 1 9 ) .  

Most o f  t h e  l a p i l l i  i n  one sp e c im e n  have  t h e  same number o f  r i n g s .  

T hese  a r e  c o n t i n u o u s  and  s l i g h t l y  t h i c k e n e d  a l o n g  t h e  b a n d in g  

p l a n e s ;  t h e y  a r e  o n l y  b r o k e n  o c c a s i o n a l l y  (RFI6 0 , p l a t e  1 2 0 ) .

I n  m ost  c a s e s  t h e  l a p i l l i  a r e  n o t  fo rm ed ro u n d  any n u c l e u s ,  

b u t  so m e t im e s  (RF 92)  t h e r e  i s  a  c r y s t a l  o r  l a v a  f r a g m e n t  a t  t h e  

c e n t r e .  The m a t e r i a l  com pos ing  b o t h  t h e  c e n t r e  and  t h e  r i n g s  i s  

u n o r i e n t a t e d ,  and  a p a r t  f rom  some a p a t i t e  c r y s t a l s  no c r y s t a l l i n e  

m i n e r a l s  a r e  p r e s e n t .  I t  t a l l i e s  i n  e v e r y  way w i t h  t h e  d e s c r i p t i o n  

g i v e n  above  o f  t h e  m a t r i x .

Some b r o k e n  l a p i l l i  a r e  g e n e r a l l y  p r e s e n t ,  b u t  t h e  amount 

i s  random , and  d oes  n o t  v a r y  w i t h  t h e  q u a n t i t y  o f  whole  l a p i l l i  o r  

w i t h  t h e  s i z e  o r  q u a n t i t y  o f  o t h e r  f r a g m e n t s  i n  t h e  t u f f ;  h o w e v e r ,  

b a n d s  w i t h  l a r g e  am ounts  o f  b r o k e n  l a p i l l i  do o c c u r  (RF162,  p l a t e  121)  

They a r e  e l o n g a t e d  s l i v e r s  and  i n c l u d e  b o t h  c o a r s e  and  f i n e  m a t e r i a l ,  

w i t h  t h e  f i n e - g r a i n e d  edge  f a c i n g  e i t h e r  upw ards  o r  downwards.

The b r e a k  i n  t h e  f i n e  m a t e r i a l  i s  s h a r p  and a n g u l a r ,  b u t  t h e  c o a r s e r  

p a r t  i s  i n d i s t i n g u i s h a b l e  f rom t h e  m a t r i x ,  and  i t  i s  o f t e n  

i m p o s s i b l e  t o  s e e  where  t h e  b o u n d a ry  i s  ( RFI6 2 ,  p l a t e  1 2 2 ) .  The 

b r o k e n  b i t s  o f  one l a p i l l u s  a r e  n o t  fo un d  c l o s e  t o  one a n o t h e r ,  

a n d ,  u n l i k e  t h e  s h a t t e r e d  f r a g m e n t s  i n  t h e  a g g l o m e r a t e ,  r e c o n s t r u c t i n g
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l a p i l l i  f rom t h e i r  c o n s t i t u e n t  p a r t s  i s  o u t  o f  t h e  q u e s t i o n .

( 3 )  MIXED AND TRANSITIONAL TUFF.

O c c a s i o n a l l y ,  a  s p e c im e n  shows t h e  c h a r a c t e r i s t i c s  o f  b o t h  

t y p e s  o f  t u f f  o r  a  t r a n s i t i o n  from one t o  t h e  o t h e r .  The m ix in g  

t a k e s  s e v e r a l  d i f f e r e n t  f o r m s .  Most o f  t h e  phenomena fo u nd  i n  

t h e s e  r o c k s  have  b e e n  d e s c r i b e d  a b o v e ;  so  o n l y  t h e  c o m b i n a t i o n s  

t h a t  o c c u r  a r e  l i s t e d  h e r e .  They w i l l  be  r e f e r r e d  t o  when t h e  

o r i g i n  o f  t h e  two t y p e s  o f  t u f f  i s  c o n s i d e r e d .

I n  RF 167  ( p l a t e  1 23 )  Banded  T u f f  i s  s u c c e e d e d  b y  Bedded 

T u f f ,  and  b e tw e e n  them t h e r e  i s  a  s u r f a c e  o f  i r r e g u l a r  r i p p l e s  

a b o u t  20 mm l o n g  and 4 -  6 mm h i g h .  The Banded T u f f  h a s  l a v a  and 

f i n e r - g r a i n e d  t u f f  f r a g m e n t s  i n  a  d a r k  g r e y  m a t r i x  w i t h  p h e n o c r y s t s  

o f  m e l a n i t e  and  p seu d o m o rp h s  a f t e r  n e p h e l i n e .  The b a se  o f  t h e  

Bedded T u f f  i s  d a r k  auid v e r y  f i n e - g r a i n e d ,  and  c o n t a i n s  s w i r l i n g  

f l o w  l i n e s  w h ic h  a r e  r o u g h l y  c o n c o r d a n t  w i t h  t h e  s u r f a c e  a t  t h e  

b a s e ,  and w h ic h  merge  i n t o  t o n g u e s  and  d i e  o u t  i n  one d i r e c t i o n .  

Above t h i s ,  t h e r e  a r e  s e v e r a l  f i n e  p a l e  b e d s  b e tw e e n  1 and 3 mm 

t h i c k ,  d i s r u p t e d  by m in u t e  f a u l t s  t h a t  do n o t  e x t e n d  i n t o  t h e  b e d s  

b e lo w .  RF 47  h a s  a l t e r n a t i n g  b a n d s  o f  t u f f  w i t h  whole  l a p i l l i  and  

s e t s  o f  b e d s  p a c k e d  w i t h  b r o k e n  o n e s ;  t h e  b r o k e n  o n e s  a r e  u n u s u a l  

i n  t h a t  t h e y  a r e  i n  a  w e l l - b e d d e d  r o c k ,  and  t h e i r  c e n t r e s  a r e  

c o n v e n t i o n a l  w h e r e a s  t h e  m a t r i x  i s  f e l s p a t h i c  and  composed o f  

w e l l - d e f i n e d  a n g u l a r  p a r t i c l e s ,  a s  i n  t h e  Bedded T u f f .  Most o f  t h e



Plate 12$. Bonded Tuff succeeded by Bedded Tuff, 
with, a surface of ripples between them. In 
the Bedded Tuff, material with possible flow 
textures is succeeded by very finely bedded 
tuff, cut by small faults. (RF167). x2. 
Drawing of hand specimen.

Plate 124. Accretionary lapilli truncated by a 
layer of Bedded Tuff. (RPIO). x$.
Drawing of hand specimen.
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m a t r i x  o f  RF 20 i s  made up o f  a n g u l a r  p a r t i c l e s ,  and  t h e  t o p  o f  

one l a p i l l u s  i s  p l a n e d  o f f ;  a l s o  t h e  whole  r o c k  i s  r e d d y  b row n ,  

u n l i k e  t h e  t r u e  Banded  T u f f .  I n  RF 10 ,  two s m a l l  l a p i l l i  a r e  

c u t  i n  h a l f  by  a  t h i n  f l a t  l a y e r  o f  Bedded T u f f  ( p l a t e  1 2 4 ) .

RF 69 and  RF 90 have  b a n d s  c o n t a i n i n g  l a p i l l i  i n t e r s p e r s e d  w i t h  

Bedded  T u f f .

The o c c u r r e n c e  o f  t h e  m ixed  t u f f  i s  w i d e s p r e a d  th o u g h  

i n f r e q u e n t ,  and  i t  i s  fo u n d  w i t h i n  t h e  a r e a s  o f  d i s t r i b u t i o n  o f  

b o t h  t y p e s  o f  t u f f .

(4 ) CARBONATE CONTENT OF THE TUFF GROUP.

As t h e  d e s c r i p t i o n s  show, t h e  r o c k s  i n  t h e  T u f f  Group a r e  

r i c h  i n  c a r b o n a t e ,  b u t  o n l y  t h e  Bedded T u f f  c o n t a i n s  f e l s p a r s  a s  

w e l l .  As w i t h  t h e  Lower A g g lo m e r a te ,  t h e  w e ig h t  p e r c e n t a g e s  o f  

CO^ were  fo u n d  i n  t e n  s p e c i m e n s ,  and  t h e s e  were  c o n v e r t e d  t o  

w e i g h t  p e r c e n t a g e s  o f  CaCO^, s i n c e  m ost  o f  t h e  c a r b o n a t e  i s  

c a l c i t e ,  and  t h e  r e s u l t s  a r e : -

RF 84 23.58%

RF 166 25.22%

RF 134  26.39%

RF 297 28.09%

RF 129 28 . 14%

RF 159 28.39%

RF 96 29.98%

RF 162 30.66%
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RF 170  $ 0 . 89%

RF 208  6 3 . 83%

But f o r  RF 8 4 ,  w h ich  i s  a  s p e c im e n  o f  c o m p a r a t i v e l y  u n w e a t h e r e d  

Bedded  T u f f ,  and  RF 208 ,  w h ic h  i s  from n e a r  t h e  Mwisasu C a r b o n a t i t e ,  

t h e  r a n g e  o f  v a l u e s  i s  ev en  s m a l l e r  t h a n  t h o s e  o f  t h e  Lower 

A g g l o m e r a t e .  As t h e  v a l u e s  f o r  t h e  t u f f  a r e  l o w e r  th o u g h  i t  

o c c u r s  i n s i d e  t h e  Lower A g g l o m e r a t e ,  i t  i s  u n l i k e l y  t h a t  t h e  

c a r b o n a t i o n  came from a  c e n t r a l  s o u r c e .  B e s i d e s ,  t h e  f a c t  t h a t  

RF 208  c o n t a i n s  6 3 . 83% c a r b o n a t e  shows t h e  e f f e c t  o f  p r o x i m i t y  t o  

a  l a r g e  c a r b o n a t i t e ,  w h i l e  o t h e r w i s e  t h e r e  i s  l i t t l e  v a r i a t i o n  

o v e r  t h e  e n t i r e  w i d t h  o f  o u t c r o p  o f  t h e  T u f f  G roup .

I n  t h e  s p e c im e n s  w h ic h  have  a  m a t r i x  o f  w h i t e  c a r b o n a t e  

(RF 1 3 4 , RF 162  and  RF I 7 I ) ,  t h e r e  a r e  p a t c h e s  o f  c l e a r ,  a n g u l a r  

c a l c i t e  c r y s t a l s ,  g e n e r a l l y  r a d i a t i n g  from p o i n t s  n e a r  t h e  e d g es  

o f  t h e  f r a g m e n t s  and  e x t e n d i n g  i n w a r d s  ( p l a t e  I 0 6 ) .  E l s e w h e r e ,  

t h e  c a r b o n a t e  o c c u r s  a s  a  b a c k g r o u n d  m o s a i c .  I t  i s  t h o u g h t  t h a t  

i n  b o t h  c a s e s  t h e  c a r b o n a t e  must  have  b e e n  p r e s e n t  when t h e  r o c k  

was fo rm ed ,  and  h a s  c r y s t a l l i s e d  o r  r e c r y s t a l l i s e d  s i n c e  t h e n  f rom  

t h e  a s h  and g l a s s ,  b u t  where  t h e  m a t r i x  i s  s p e c i a l l y  r i c h  i n  

c a r b o n a t e  i t  h a s  i n t r o d u c e d  more c a r b o n a t e  i n t o  t h e  f r a g m e n t s .

C. UPPER AGGLOMERATE.

The Upper A g g lo m e ra te  i s  g e n e r a l l y  p o o r l y  e x p o se d  and h i g h l y  

w e a t h e r e d ;  h e n c e  i t  i s  more p r o b l e m a t i c a l  t h a n  t h e  o t h e r
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p y r o c l a s t i c  g r o u p s .  To u n d e r s t a n d  i t s  n a t u r e  p r o p e r l y ,  i t  i s  

n e c e s s a r y  t o  s e e  a  v e r y  l a r g e  e x p o s u r e ,  and  t h e s e  o n l y  o c c u r  on 

t h e  c l i f f s  n o r t h  w e s t  o f  K i n y a th e n g o ,  w hich  a r e  up t o  30 f t .  h i g h .  

They have  a  r u b b l y  a p p e a r a n c e ,  and c o n s i s t  o f  l a r g e  c l o s e l y - p a c k e d  

b o u l d e r s  r a n g i n g  from 10 cm -  3 m i n  s i z e  ( p l a t e s  123  and  1 2 6 ) .

The f r a g m e n t s  a r e  s u b r o u n d e d ,  and  show no s i g n  o f  b e d d i n g ,  b a n d i n g ,  

s o r t i n g  o r  o r i e n t a t i o n .  I t  i s  o f t e n  d i f f i c u l t  t o  s p o t  t h e  

b o u n d a r i e s  o f  t h e  f r a g m e n t s ,  a s  t h e r e  i s  so  l i t t l e  m a t r i x ,  and i t  

h a s  t h e  same h a r d n e s s  a s  most  o f  t h e  f r a g m e n t s .  E l s e w h e r e  w i t h i n  

t h e  b o u n d a r i e s  o f  t h e  Upper A g g lo m e r a te ,  t h e  g ro u n d  i s  s c a t t e r e d  

w i t h  l o o s e  b l o c k s ,  a s  w e l l  a s  a  few h i g h l y  w e a t h e r e d  e x p o s u r e s .

I t  i s  h a r d  t o  t e l l  how much o f  t h e  f i n e - g r a i n e d  m a t e r i a l  

i s  m a t r i x  t o  t h e  Upper A g g l o m e r a t e ,  and  how much b e l o n g s  t o  t h e  

a g g l o m e r a t e  o r  t u f f  f r a g m e n t s  i n  t h e  r o c k .  The u n d i s p u t e d  m a t r i x  

f rom t h e  c l i f f s  m e n t i o n e d  above  o n l y  o c c u r s  a s  a  v e r y  t h i n  p acIc ing ,  

and c o n t a i n s  b o t h  s m a l l  c h i p s  o f  p r e v i o u s l y  form ed a g g l o m e r a t e  

and t u f f ,  and  some o r i g i n a l  b l o b s  s i m i l a r  t o  t h o s e  i n  t h e  Lower 

A g g lo m e r a te  (RF 24 ,  p l a t e  1 2 7 ) ;  i t  i s  s t a i n e d  brown,  and r i c h  i n  

c a r b o n a t e .

F r a g m e n t s  fo u n d  i n  t h e  Upper A g g lo m e ra te  a r e : -  Bedded  T u f f ,  

Banded T u f f ,  a g g l o m e r a t e  ( p r o b a b l y  Lower A g g l o m e r a t e ) , g r a n i t e ,  

n e p h e l i n i t e  (dyke  r o c k ) ,  i j o l i t e ,  m e l t e i g i t e ,  b i o t i t e  p y r o x e n i t e ,  

b i o t i t e  u n c o m p a h g r i t e .  Most o f  t h e  l a r g e  f r a g m e n t s  a r e  o f  

p r e v i o u s l y  fo rm ed  p y r o c l a s t i c  r o c k s ,  and  Bedded T u f f  (RF l l 6 ) .



plate 1 2 5, Large fragment of tuff 
in the Upper Agglomerate, from 
the cliffs between Sindo and 
Roo.

Plate 1 2 6. Small fragment of tuff and some 
Basement fragments in the Upper Agglomerate, 
from the cliffs between Sindo and Roo.



Plate 1 2 7 . The matrix of the Upper Agglomerate 
(negative). (RF24). x5.

Plate 128. A fragment of tuff in which the beddinj 
has been bent in the Upper Agglomerate. (RP124, x-g-
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Banded L a p i l l i  T u f f  (RF 24) and  f i n e r - g r a i n e d  a g g lo m e r a t e  (RF 29) 

o c c u r  f r e q u e n t l y .  N o rm a l ly  t h e y  a p p e a r  u n a l t e r e d  b u t  som etim es  

t h e y  have b e e n  t w i s t e d  and p a r t l y  s h a t t e r e d  by t h e  f o r m a t i o n  o f  

t h e  a g g l o m e r a t e ;  t h i s  i s  e v i d e n t  i n  some o f  t h e  t u f f  f r a g m e n t s  

(RF 124 ,  p l a t e  1 2 8 ) .  The p r e s e n c e  o f  Bedded T u f f  f r a g m e n t s  i s  

u s e f u l ,  a s  t h e r e  a r e  so many o f  them t h a t  t h e y  show d e f i n i t e l y  

t h a t  t h e  r o c k  i s  a  v e r y  c o a r s e  a g g l o m e r a t e ;  even  i n  t h e  most  

w e a t h e r e d  o u t c r o p s ,  t h e i r  b e d d in g  i s  p r o m in e n t ,  and any l a r g e  

e x p o s u r e  h a s  t u f f  f r a g m e n t s  whose b e d d in g  d i p s  i n  d i f f e r e n t  

d i r e c t i o n s .

Basement  and p l u t o n i c  f r a g m e n t s  a r e  i n f r e q u e n t ,  and have 

many o f  t h e  same f e a t u r e s  a s  t h o s e  i n  t h e  Lower A g g lo m e r a te .  Most 

o f  them a r e  r o u n d e d ,  and n e v e r  b i g g e r  t h a n  20 cm a c r o s s .  Some 

may be  p a r t s  o f  Lower A g g lo m era te  f r a g m e n t s ,  b u t  most  o f  t h e  o n e s  

c o l l e c t e d  from t h e  c l i f f s  b e low  K in y a th e n g o  a r e  t h o u g h t  t o  be 

o r i g i n a l .  RF 33 c o n t a i n s  s e v e r a l  f e n i t i s e d  g r a n i t e  f r a g m e n t s ,  

w hich  a r e  f e l s p a t h i s e d  r o u n d  t h e  e d g e s ,  and a r e  s u r r o u n d e d  by 

f e l s p a t h i s e d  c h i p s ;  a s  i n  RF 6 l  and RF 102 i n  t h e  Lower A g g lo m e r a te ,  

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

t h e  p y r o x e n e s  s u r v i v e .  S pec im ens  o f  i j o l i t e  (RF 3 0 4 ) ,  m e l t e i g i t e  

and b i o t i t e  p y r o x e n i t e  (RF 30)  a r e  u n a l t e r e d .  M e l i l i t e  i n  t h e  

b i o t i t e  u n c o m p a h g r i t e  i s  changed  t o  n o n c r y s t a l l i n e  m a t e r i a l  a s  i n  

t h e  Lower A g g lo m e ra te  a l t h o u g h  t h e  o t h e r  m i n e r a l s  a r e  f r e s h .

The e x t e n t  and n a t u r e  o f  t h e  Upper A g g lom era te  a r e
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r e a s o n a b l y  c e r t a i n ,  b u t  t h e  sp e c im e n s  c o l l e c t e d  a r e  n o t  

r e p r e s e n t a t i v e  o f  t h e  whole  a r e a  o f  o u t c r o p .  For  t h i s  r e a s o n ,  

t h e  work a c c o m p l i s h e d  i s  n o t  a s  d e t a i l e d  o r  c o m p re h en s iv e  a s  

what  was p o s s i b l e  f o r  t h e  o t h e r  p y r o c l a s t i c  g r o u p s ,

3 .  THE STRUCTURE OF TliE PYRQGLASTICS.

The p y r o c l a s t i c s  form a  d i s t i n c t  s t r u c t u r a l  u n i t ,  a s  do 

t h e  s u r r o u n d i n g  p l u t o n i c s  and b a s e m e n t .  I t  w i l l  be shown i n  t h e  

n e x t  c h a p t e r  t h a t  t h e  emplacement  o f  t h e  s m a l l  c a r b o n a t i t e  

G o n e s h e e t s  and t h e  c e n t r a l  c a r b o n a t i t e s  was l a t e r  t h a n  t h e  e v e n t s  

w h ich  c a u s e d  t h e  s t r u c t u r e s  i n  t h e  p y r o c l a s t i c s .  A l th o u g h  

c a r b o n a t i t e  c o n e s h e e t s  and r a d i a l  dykes  o c c u r  t h r o u g h o u t  t h e  

p y r o c l a s t i c s ,  t h e y  b e l o n g  t o  a  d i f f e r e n t  s t r u c t u r a l  e p i s o d e .

As e l s e w h e r e  on Rangwa, i t  i s  i m p o s s i b l e  t o  a c c o u n t  f o r  

t h e  s t r u c t u r e s  i n  i s o l a t i o n ;  so i n  t h e  s e c t i o n  t h a t  f o l l o w s  t h e  

s t r u c t u r e  i s  f i t t e d  i n t o  a  b r o a d e r  f ram ew ork .

A. THE OUTER BOUNDARY.

The b o u n d a ry  i s  v e r t i c a l  and has  an  a lm o s t  p e r f e c t  o v a l  fo rm .  

A c r o s s  i t ,  t h e r e  i s  a  change  o f  r o c k  t y p e  from p l u t o n i c s  and 

b a sem en t  t o  e x t r u s i v e  p y r o c l a s t i c s .  The n a t u r e  and c a u se  o f  t h i s  

v e r t i c a l  b o u n d a ry  a r e  n o t  i m m e d ia t e l y  c l e a r ,  and i t  i s  n e c e s s a r y  

to  c o n s i d e r  t h e  a l t e r n a t i v e  e x p l a n a t i o n s  and e l i m i n a t e  t h e  

im p r o b a b le  o n e s  (F ig u re -  13 . .
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McCall  ( 1 9 3 8 ) s u p p o s e d  t h a t  t h e  c o n t a c t  i s  t h e  o r i g i n a l  

l i p  o f  t h e  c r a t e r  o f  t h e  v o l c a n o  ( s e e  h i s  s e r i e s  o f  d iag ra m s  

showing t h e  e v o l u t i o n  o f  t h e  K i s i n g i r i  V o lc a n o ) .  T h is  v iew  i s  

t h o u g h t  t o  be  u n t e n a b l e  f o r  s e v e r a l  r e a s o n s .  To t h e  s o u t h  e a s t  

o f  Rangwa, Banded T u f f  i s  e x p o sed  w i t h i n  t e n  y a r d s  o f  t h e  b i o t i t e  

u n c o m p a h g r i t e ,  w h ich  would have  b e e n  v e r y  c l o s e  t o  t h e  v e r t i c a l  

c l i f f  t h a t  would  have b e e n  t h e  edge o f  t h e  c r a t e r  a t  t h e  t im e  o f  

d e p o s i t i o n  o f  t h e  s u b a e r i a l l y  formed Banded T u f f .  However, 

a l t h o u g h  a zone o f  a l t e r a t i o n  e x i s t s  i n  t h e  m e l i l i t e ,  t h e  

u n c o m p a h g r i t e  does  n o t  show t h e  w e a t h e r i n g  o r  c o r r o s i o n  w h ich  

would be e x p e c t e d  had  i t  b e e n  e x p o sed  i n  a v o l c a n i c  e n v i r o n m e n t .

;Ü 6 o , i f  t h e  c r a t e r  had  b e e n  bounded  by v e r t i c a l  c l i f f s  o f  a l k a l i n e  

p l u t o n i c  r o c k s ,  t h e  t u f f  e x p o sed  ro u n d  t h e  edge o f  Rangwa would  

c o n t a i n  l a r g e  a n g u l a r  lumps o f  w a l l  r o c k  w hich  had  s l i p p e d  down; 

none have b e e n  f o u n d .  The most  c o m p e l l i n g  r e a s o n  f o r  r e j e c t i n g  

t h i s  e x p l a n a t i o n  i s  t h a t  t h e  Lower A g g lo m e r a te ,  w hich  was form ed by 

f low  r a t h e r  t h a n  a i r  f a l l ,  i s  f a r  to o  low a t  i t s  p r e s e n t  l e v e l  t o  

have  g i v e n  r i s e  to  i t s  p r o b a b l e  c o u n t e r p a r t s  a t  Gingo and on 

R u s in g a  and Mfwangano, even  a l l o w i n g  f o r  t h e  r e v e r s a l  o f  t h e  

Mfwangano F a u l t  ( t h i s  r e l a t i o n s h i p  w i l l  be c l a r i f i e d  i n  P a r t  I I I ) .  

B e s i d e s ,  a s  w i l l  be e x p l a i n e d  l a t e r ,  t h e  s i z e  o f  t h e  whole  o f  

Rangwa i s  c o n s i d e r e d  t o  be  f a r  b i g g e r  t h a n  t h a t  o f  a  no rm al  v o l c a n i c  

v e n t .

T h e r e f o r e  t h e  o u t e r  b o u n d a ry  o f  t h e  p y r o c l a s t i c s  must be  t h e
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l i n e  o f  a  r i n g  f a u l t  w i t h  t h e  downthrow t o  t h e  i n s i d e .  McCall  

( 1 9 6 5 ) a r r i v e d  a t  t h i s  c o n c l u s i o n ;  he f o l l o w s  Von E cke rm ann *s 

t h e o r i e s  f o r  t h e  a l k a l i n e  c e n t r e  a t  Alno (Von Eckermann 1948 

and 1 9 5 8 ) ,  and s u p p o s e s  t h a t  t h e  c a r b o n a t i t e  dykes  on Rangwa come 

from a  l a t e r  and  h i g h e r  c e n t r e  o f  a c t i v i t y  t h a n  t h e  a l n o i t e  d ykes  

r o u n d  a b o u t ,  and  t h a t  t h e  w hole  o f  Rangwa h a s  s u b s i d e d  b e c a u s e
I

t h e  c a r b o n a t i t e s  a r e  now a t  a  l o w e r  l e v e l  t h a n  t h e y  were  o r i g i n a l l y .

So McCall  ( 1 9 6 3 ) a c c e p t s  t h a t  Rangwa must  have b e e n  d o w n f a u l t e d  

a lo n g  i t s  o u t e r  b o u n d a r y ,  b u t  i t  w i l l  be shown b e lo w  t h a t  most  o f  

t h e  s u b s i d e n c e  o c c u r r e d  p r i o r  t o  t h e  emplacement  o f  t h e  Rangwa 

c a r b o n a t i t e s .

G r a n t e d  t h a t  t h e  o u t e r  b o u n d a ry  o f  Rangwa i s  a  v e r t i c a l  

f a u l t ,  i t  c o u l d  have  two p o s s i b l e  r e l a t i o n s  w i t h  t h e  o r i g i n a l  v e n t  

w h ich  must  have  e x i s t e d  on t h e  s i t e  o c c u p i e d  by Rangwa t o d a y .

E i t h e r  Rangwa c o u l d  be  t h e  s i z e  o f  t h e  v e n t ,  i n  w hich  c a s e  f a u l t i n g  

and s u b s i d e n c e  would  have  ta lcen p l a c e  a l o n g  t h e  v e n t  w a l l s ,  o r  

Rangwa c o u l d  be c o n s i d e r a b l y  l a r g e r  t h a n  t h e  v e n t ;  i n  t h e  l a t t e r  

c a s e  t h e  p y r o c l a s t i c s  e x p o sed  a t  t h e  p r e s e n t  would r e p r e s e n t  t h e  

t o p  o f  a  f u n n e l  s h a p e d  v e n t ,  a f t e r  i t  had  s p l a y e d  o u t  and t h e  

p r e s s u r e  i s  d i s s i p a t e d  s id e w a y s  a s  w e l l  a s  upwards  ( F i g u r e  . 2 0  ) .

The fo rm e r  a l t e r n a t i v e  can  be r u l e d  o u t  f o r  most  o f  t h e  same 

r e a s o n s  a s  t h e  h y p o t h e s i s  t h a t  t h e  p y r o c l a s t i c s  a r e  t h e  v e n t  

f i l l i n g  i n  t h e i r  o r i g i n a l  p o s i t i o n ,  a s  t h e r e  would be more a l t e r a t i o n  

and p e n e t r a t i n g  t o n g u e s  o f  v e n t  r o c k  i n  t h e  a d j a c e n t  u n c o m p a h g r i t e .
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So t h e  o n l y  p o s s i b l e  c o n c l u s i o n  i s  t h a t  t h e  r i n g  f a u l t ,  which  

i s  t h e  b o u n d a ry  b e tw e e n  t h e  p l u t o n i c s  and p y r o c l a s t i c s  a t  t h e  

s u r f a c e  becom es ,  l o w e r  down, t h e  b o u n d a ry  b e tw e e n  two d i f f e r e n t  

l e v e l s  o f  p l u t o n i c s  and b a s e m e n t .

The th ro w  o f  t h e  b o u n d a ry  f a u l t  c a n n o t  be deduced  w i t h  any 

a c c u r a c y ,  b e c a u s e  i t  i s  i m p o s s i b l e  to  m atch  any r o c k  t y p e s  a c r o s s  

i t ,  b u t  some l i m i t s  t o  i t s  s i z e  can  be s e t .  F i g u r e  l 6  i s  a  

lo n g  s e c t i o n  a l o n g  t h e  f a u l t  p l a n e ,  t o  t h e  s o u t h  e a s t  o f  Rangwa; 

on i t  t h e  p r e s e n t  l a n d  s u r f a c e  i s  m arked ,  t o g e t h e r  w i t h  t h e  

r o c k s  on e i t h e r  s i d e  o f  t h e  f a u l t  p l a n e ,  and t h e i r  h y p o t h e t i c a l  

e x t e n s i o n  upw ards  and downwards.  I t  shows t h a t ,  even th o u g h  

t h e  f a u l t  h a s  a  b i g  th r o w ,  t h e  b a s e  o f  t h e  t u f f  i s  a t  a  f a i r l y  

c o n s t a n t  l e v e l ,  and i s  a  smooth l i n e ,  whose h e i g h t  r a n g e s  

f rom 4 , 2 0 0  f t .  i n  t h e  n o r t h  t o  4 ,6 0 0  f t .  i n  t h e  s o u t h .  S i n c e  

i t  i s  t h o u g h t  t h a t  t h e  o r i g i n a l  b a se  l e v e l  o f  t h e  t u f f  must  

have  b e e n  a l m o s t  t h e  same a l l  t h e  way r o u n d ,  t h e  th ro w  o f  t h e  

f a u l t  do e s  n o t  v a r y  much. The t h i c k n e s s  o f  t h e  Lower A g g lo m era te  

i s  n o t  known, a s  t h e  b a s e  o f  i t  i s  n e v e r  s e e n ,  b u t  i t  i s  assumed 

t h a t  t h e r e  a r e  a lw ay s  s e v e r a l  h u n d re d  f e e t  o f  i t  b e n e a t h  t h e  t u f f .

So a t  t h e  s o u t h  o f  Rangwa t h e  b a s e  o f  t h e  Lower A g g lo m era te  i s  

p r o b a b l y  b e lo w  4 , 3 0 0  f t ;  when form ed,  t h i s  would have  b e en  h i g h e r  

t h a n  t h e  h i g h e s t  o f  t h e  u n c o m p a h g r i t e ,  p r e s u m a b ly  capped  by i j o l i t e ,  

f e n i t e  and  b a s e m e n t .  The h i g h e s t  s u r v i v i n g  e x p o s u r e  o f  u n c o m p a h g r i t e  

i s  a t  3 , 3 0 0  f t .  and i t  must  have  b e e n  c o v e r e d  by a t  l e a s t  300  f t .  o f
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p l u t o n i c s  and b a s e m e n t ;  so t h e  h e i g h t  o f  t h e  b a s e  o f  t h e  Lower 

A g g lo m e r a te ,  w h ich  now s t a n d s  a t  b e lo w  4 , ^ 0 0  f t .  was once above 

5 ,8 0 0  f t .  so  t h a t  t h e r e  was movement o f  o v e r  1 ,3 0 0  f t .  a t  t h e  

f a u l t  p l a n e .  I t  i s  e m p h a s i s e d  t h a t  t h i s  i s  a  minimum f i g u r e ,  a s  

t h e r e  a r e  a t  l e a s t  two i m p o n d e r a b l e s ;  t h e  t h i c k n e s s  o f  t h e  

c o v e r i n g  o f  b a sem e n t  o v e r  t h e  p l u t o n i c s  i s  unknown, and i t  i s  

i m p o s s i b l e  t o  t e l l  how much o f  i t  was e r o d e d  away b e f o r e  t h e  

em placem ent  o f  t h e  Lower A g g lo m e r a te ,  and how much was b l a s t e d  o u t  

d u r i n g  t h e  f o r m a t i o n  o f  t h e  v e n t .

E x c e p t  i n  t h e  w e s t ,  where t h e  edge o f  Rangwa i s  i n d e n t e d  by 

e r o s i o n ,  t h e  b o u n d a ry  f a u l t  i s  c o n t i n u o u s  and w e l l - m a r k e d ,  a l t h o u g h  

n e v e r  w e l l  enough  e x p o se d  t o  show any f a u l t  b r e c c i a .  The e x c e s s i v e  

e r o s i o n  i n  t h e  w e s t  may w e l l  be t h e  e f f e c t  o f  s e v e r a l  s m a l l e r  f a u l t s  

( p l a t e  6 ) ,  b u t  e l s e w h e r e  o n l y  one l a r g e  f a u l t  e x i s t s .

B. THE IRWARD DIP3 IN THE PYROCLASTICS.

A l l  t h e  t y p e s  o f  l a y e r s  i n  t h e  p y r o c l a s t i c s ,  b o t h  t h e  f lo w

b a n d in g  i n  t h e  Lower A g g lo m era te  and t h e  b e d d in g  and b a n d in g  i n  t h e

T u f f  Group t e n d  t o  d i p  t o w a r d s  t h e  c e n t r e  o f  Rangwa ( s t e r e o g r a m  -  

F i g u r e  1 7 ) .  F i g u r e  28 shows t h e  d i p s  p l o t t e d  a t  t h e i r  c o r r e c t  

h e i g h t  and d i s t a n c e  from t h e  c e n t r e  o f  t h e  com plex .  I t  w i l l  be  

s e e n  when t h e i r  modes o f  f o r m a t i o n  a r e  d i s c u s s e d  t h a t  n o t  many o f  

t h e  p r e s e n t  day d i p s  c o u ld  have  b e e n  o r i g i n a l .  When d e p o s i t e d ,  t h e  

Bedded T u f f  m ust  have b e e n  n e a r l y  h o r i z o n t a l ,  and n o t  d i p p i n g  i n
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any s e t  d i r e c t i o n ,  b u t  now i t  h a s  an  a v e r a g e  d i p  i n w a r d s  o f  l 4 ° ,  

and  t h e  s t e r e o g r a m  shows t h a t  e x c e p t  f o r  t h e  v e r y  s m a l l  d i p s  i n  

t h e  n o r t h ,  t h e  d i p  d o e s  n o t  v a r y  s i g n i f i c a n t l y  from t h e  a v e r a g e  

i n  t h e  e n t i r e  a r e a  o f  e x p o s u r e  o f  t h e  Bedded T u f f ,  b u t  t h i s  o n l y  

e x t e n d s  t h r o u g h  an  a r c  o f  1 5 0 ° .  The Banded T u f f  i s  a  s u b a e r i a l  

a s h  d e p o s i t ,  and  c o u l d  have  b e e n  l a i d  down w i t h  any d i p  l e s s  t h a n  

t h e  a n g l e  o f  r e s t  o f  t h e  t u f f ;  t h e r e  i s  no e v i d e n c e  what  t h a t  

a n g l e  w as ,  b u t  i t  m ust  have  b e e n  l e s s  t h a n  4 0 ° .  However,  a t  a  

few e x p o s u r e s  i t  h a s  a d i p  o f  more t h a n  4 5 ° ,  and t h e  a v e r a g e  d i p  

i s  2 8 ° .  On t h e  s t e r e o g r a m  t h e  d i p s  show no t r e n d  away from t h e  

a v e r a g e ,  and t h e  t r e n d  o f  t h e  d i p s  o f  t h e  Bedded T u f f  i s  n o t  a  

c o n t i n u a t i o n  o f  t h a t  o f  t h e  Banded  T u f f .  I f  i t  i s  a ssum ed t h a t  

t h e  Bedded  T u f f  was a p p r o x i m a t e l y  h o r i z o n t a l  when d e p o s i t e d  and 

t h a t  t h e  two t y p e s  o f  t u f f  have  u n d e rg o n e  t h e  same amount o f  

t i l t i n g ,  t h e  a v e r a g e  o r i g i n a l  d i p  o f  t h e  Banded T u f f  c an  be 

c o r r e c t e d  from 2 8 . 0 ° t o  1 5 ° .

I t  was i m p o s s i b l e  t o  m e a su re  a s  many d i p s  o f  t h e  f lo w  

b a n d i n g  i n  t h e  Lower A g g l o m e r a t e .  The a v e r a g e  o f  t h e  d i p s  

m e a s u r e d  i s  2 5 ° ,  b u t  t h e  m e a s u r e m e n ts  a r e  so s c a t t e r e d  on t h e  

s t e r e o g r a m  t h a t  t h e r e  a r e  no c o n c e n t r a t i o n s .  S i n c e  t h e  Lower 

A g g lo m e r a te  u n d e r l i e s  t h e  Bedded  T u f f ,  t h e  a v e r a g e  o r i g i n a l  d i p  

m ust  have  b e e n  1 5 ° .  The Upper A g g lo m e ra te  h a s  no r e c o g n i z a b l e  

b a n d i n g  o r  b e d d i n g ,  and  t h e r e  i s  no e v i d e n c e  w i t h  w h ich  t o  f i t  i t  

i n t o  t h e  s t r u c t u r a l  p a t t e r n .
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ï a n t a l i z i n g l y , n e a r l y  a l l  t h e  m e a s u r a b l e  d i p s  a r e  w i t h i n  

s e v e r a l  n u n d r e d  y a r d s  o f  t h e  edge  o f  Rangwa; so  t h e  s t r u c t u r a l  

p i c t u r e  f p r  t h e  r e s t  o f  t h e  p y r o c l a s t i c s  h a s  t o  be  d e d u ce d  f rom  

t h e  s t r u c t u r e s  r o u n d  t h e  edge  and  from a n a l o g o u s  s i t u a t i o n s  

e l s e w h e r e .

C. FAULTING.

M cC all  ( 1 9 5 8 ) m arks  s e v e r a l  f a u l t s  on t h e  w e s t  and  n o r t h

w e s t  p a r t s  o f  h i s  l a r g e  s c a l e  map o f  Rangwa, b u t  does  n o t  m e n t i o n

them i n  t h e  t e x t ,  and  t h e  amount o f  th r o w  i s  n o t  i n d i c a t e d .  T hese

were  n o t  fo u n d  i n  t h e  f i e l d ,  a n d ,  e x c e p t  f o r  t h e  f a c t  t h a t  m ost  o f

them f o l l o w  v a l l e y s ,  t h e y  a r e  n o t  m arked  by f e a t u r e s  on t h e  a i r  

p h o t o g r a p h s .  A l l  o f  them a r e  shown t o  e x t e n d  from t h e  o u t e r  m a r g i n  

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

c a r b o n a t i t e s .  The b r e c c i a  i s  c a u s e d  by  d i s r u p t i o n  o f  p r e v i o u s l y  

fo rm ed  r o c k s ,  and  c o u l d  e a s i l y  be  m i s t a k e n  f o r  a  f a u l t  b r e c c i a .

The o n l y  l a r g e  f a u l t  p r o v e d  i n  t h e  f i e l d  r u n s  n o r t h - s o u t h  

f o r  a t  l e a s t  h a l f  a  m i l e  on t h e  n o r t h e r n  s l o p e s  o f  K i n y a t h e n g o .  I t  

i s  a  n o r m a l  f a u l t ,  t h r o w i n g  a b o u t  200 f t .  t o  t h e  w e s t ,  and  i t  

d i s p l a c e s  t h e  Bedded  T u f f  and  b o t h  t h e  A g g l o m e r a t e s .  T he re  i s  no 

way o f  sho w in g  w h e t h e r  i t  o c c u r r e d  b e f o r e  o r  a f t e r  t h e  em placem ent  

o f  t h e  c a r b o n a t i t e s .  O th e r  f a u l t s  may e x i s t ,  b u t  a s  most  o f  t h e  

b o u n d a r i e s  b e tw e e n  t h e  r o c k  t y p e s  a r e  i l l - d e f i n e d  i t  i s  i m p o s s i b l e  

t o  p r o v e  m in o r  d i s p l a c e m e n t s .
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M inor f a u l t s  a r e  common t h r o u g h o u t .  The Lower A g g lo m e r a te  

i s  o f t e n  c u t  by  s h a r p  f a u l t s  w i t h  t h r o w s  o f  up t o  1 cm; t h e  

d i r e c t i o n  i s  random , and  t h e r e  i s  no s h a t t e r i n g  r e g a r d l e s s  o f  

w h e t h e r  t h e y  c u t  v o l c a n i c  o r  b a se m e n t  f r a g m e n t s ,  and  i t  i s  n o t  

known when t h e  f a u l t i n g  h a p p e n e d .  The t u f f  shows m in o r  f a u l t i n g  

t o o .  RF 167  ( p l a t e  123)  h a s  num erous  s m a l l  f a u l t s  n o r m a l  t o  t h e  

b e d d i n g .  I n  RF 174 , some f i n e - g r a i n e d  b e d s  show

f a u l t i n g ,  w h ic h  d o e s  n o t  e x t e n d  to  t h e  c o a r s e r  b e d s  b e n e a t h ;  

a l t h o u g h  s m a l l e r ,  t h e s e  f a u l t s  a r e  s i m i l a r  t o  o n e s  d e s c r i b e d  by  

C o t t o n  ( 1 9 4 4 ) i n  t u f f  f rom Laite Pupuke i n  New Z e a l a n d ,  and a r e  

c a u s e d  by  p e n e c o n te m p o r a n e o u s  d i f f e r e n t i a l  s e t t l i n g .  I n  RF 90

f a u l t i n g  o c c u p i e s  a  v e r t i c a l  zone b e tw e e n  1 and 2 cm

t h i c k ,  a c r o s s  w h ic h  t h e  b a n d i n g  h a s  b e e n  b e n t  i n  t h e  d i r e c t i o n  o f  

t h e  t h r o w  o f  t h e  f a u l t i n g ;  t h i s  t o o  m ust  have  o c c u r r e d  when t h e  

t u f f  was s t i l l  u n c o n s o l i d a t e d .

4 .  GENESIS AND HISTORY.

A. THE LOWER AGGLOMERATE.

I t  c a n  be  shown t h a t  t h e  Lower A g g lo m e r a te  i s  e x t r u s i v e ,  

b e c a u s e  i t  i s  s u c c e e d e d  c o n f o r m a b ly  by e x t r u s i v e  t u f f .  The 

b a n d i n g  i n d i c a t e s  t h a t  t h e  r o c k  h a s  f lo w e d  ( p l a t e s  71 and 7 2 ) ,  

and  i s  n o t  u n l i k e  t h e  f l o w  b a n d i n g  fo u n d  i n  i g n i m b r i t e s .  A l t h o u g h  

t h e r e  i s  no s i g n  o f  w e l d i n g ,  t h e  r o c k  was v e r y  h o t  when i t  was
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fo rm ed ,  a s  much o f  t h e  v o l c a n i c  component  must  have  b e e n  l i q u i d  

a t  t h a t  t i m e .  A l l  t h e  b a n d in g  d i p s  t o w a r d s  t h e  c e n t r e  o f  Rangwa, 

and  i t  h a s  b e e n  shown t h a t  t h e  o r i g i n a l  d i p  was b e tw e e n  10°  and 

1 5 ° .  However, t h e  d i r e c t i o n  o f  f lo w  i s  away from t h e  c e n t r e ;  so  

t h e  n e c k  r e s p o n s i b l e  f o r  t h e  p y r o c l a s t i c s  m ust  have  b e e n  c e n t r a l l y  

p l a c e d  w i t h  i t s  t o p  s l i g h t l y  b e lo w  t h e  l e v e l  o f  t h e  Lower 

A g g l o m e r a t e ,  and  i t  was f a r  s m a l l e r  t h a n  t h e  p r e s e n t  day a r e a  o f  

Rangwa ( F i g u r e  2 1 ) .  T h e r e f o r e  t h e  Lower A g g lo m e ra te  was f o r c e d  up 

h i l l  u n d e r  p r e s s u r e .

From e v i d e n c e  a t  o t h e r  i g n e o u s  c e n t r e s ,  t o o ,  t h i s  e x p l a n a t i o n  

seems most  l i k e l y .  V o l c a n i c  n e c k s  w h ich  s u r v i v e  a r e  se ldom  more 

t h a n  h a l f  a  m i l e  a c r o s s ,  and  t h e  r e l a t i o n s h i p  b e tw e e n  t h e  

p y r o c l a s t i c s  on Rangwa and  t h e  n e c k  t h a t  gave  r i s e  t o  them i s  

i l l u s t r a t e d  b y  Howel W i l l i a m s '  c l a s s i f i c a t i o n  o f  t h e  v e n t s  i n  t h e  

N a v a j o - H o p i  c o u n t r y  i n  t h e  w e s t e r n  U n i t e d  S t a t e s  (1 9 3 ^ )  i n t o  t h e  

" N a v a jo "  and  "H op i"  t y p e s .  The f o rm e r  a r e  n a r ro w  n e c k s  form ed 

from t u f f  b r e c c i a ,  and  t h e  l a t t e r  a r e  b r o a d e r  s t r u c t u r e s  w i t h  

i n w a r d  d i p p i n g  p y r o c l a s t i c s  a t  t h e i r  b a s e s .  W i l l i a m s  s u p p o s e s  

t h a t  t h e  two t y p e s  a r e  d i f f e r e n t  e r o s i o n  l e v e l s  o f  t h e  same k i n d  

o f  v e n t ,  and  t h e  Lower A g g lo m e r a te  on Rangwa e x e m p l i f i e s  t h e  l a t t e r  

t y p e .

The Lower A g g lo m e r a te  shows many o f  t h e  symptoms l i s t e d  by 

R e y n o ld s  (1 9 3 4 )  o f  r o c k s  t h a t  have  b e e n  c a u s e d  by  f l u i d i z a t i o n .
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The f o l l o w i n g  a r e  t h e  most  common

( a )  M ix ing  o f  d i f f e r e n t  r o c k  t y p e s .

(b )  R ound ing  o f  f r a g m e n t s .

( c )  B r e a k - u p  o f  f r a g m e n t s  i n  s i t u .

(d )  I n t e n s e  a l t e r a t i o n  r o u n d  f r a g m e n t  e d g e s .

( e )  F r a g m e n t s  t h a t  have  n o t  moved f a r .

( f )  B t re a rn in g  o f  t h e  m a t r i x  r o u n d  t h e  f r a g m e n t  e d g e s .

A l l  t h e s e  c h a r a c t e r i s t i c s  a r e  r e c o r d e d  w i d e l y  i n  t h e  l i t e r a t u r e  on 

b o t h  i n t r u s i v e  and  e x t r u s i v e  f l u i d i z e d  a g g l o m e r a t e s  and  t u f f s .  S i n c e  

t h e  Lower A g g lo m e r a te  i s  e x t r u s i v e ,  b u t  h a s  n o t  moved f a r  from t h e

a c t u a l  v o l c a n i c  n e c k ,  i t  shows f e a t u r e s  o f  b o t h  i n t r u s i v e  and

e x t r u s i v e  b o d i e s  o f  f l u i d i z e d  r o c k .  C lo o s  (19 41 )  d e s c r i b e s  how 

t h e  i n t r u s i v e  t u f f  p i p e s  i n  S w ab ia  c o n t a i n  a  m i x t u r e  o f  f r a g m e n t s  

o f  J u r a s s i c  c o u n t r y  r o c k  and  l a p i l l i  o f  m e l i l i t e  b a s a l t ,  and  how 

t h e  c o u n t r y  r o c k  f r a g m e n t s  become l a r g e r  and  more num erous  t o w a r d s  

t h e  e d g e s  o f  t h e  p i p e s ,  where  t h e y  a r e  s e e n  n o t  t o  have  moved f a r .

The b a s e m e n t  and  p l u t o n i c  f r a g m e n t s  i n  t h e  Lower A g g lo m e ra te  hav e  

n o t  moved f a r  e i t h e r ,  a s  t h e y  c a n  be  m a tc h e d  w i t h  i n  s i t u  e x p o s u r e s ,  

and  a p a r t  f rom  t h e i r  r i m s  t h e y  have n o t  b e e n  a l t e r e d  much, b u t  t h e  

a g g l o m e r a t e  c a n n o t  be  z o ned  by  t h e  p r o p o r t i o n  o f  c o u n t r y  r o c k  

f r a g m e n t s ,  b e c a u s e ,  h a v in g  b e e n  p u s h e d  o u t  o f  t h e  n e c k ,  t h e y  a r e  

t o o  much d i s t u r b e d .  As i n  t h e  Sw ab ian  p i p e s ,  t h e  c o u n t r y  r o c k  

f r a g m e n t s  a r e  r o u n d e d  and  have  c h e m i c a l  r e a c t i o n  r i m s ,  and t h e  

l a r g e r  o n e s  a r e  o f t e n  b r o k e n  down a l m o s t  i n  s i t u .
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The n a t u r e  o f  t h e  v o l c a n i c  component  i s  b r o a d l y  c o m p a r a b le  

w i t h  t h a t  a t  many o t h e r  c e n t r e s ,  and t h e  l a v a  b l o b s  w i t h  s k i n s  

fo rm ed  by  a t t r i t i o n  b e tw e e n  f r a g m e n t s  a r e  o f  w i d e s p r e a d  o c c u r r e n c e .  

B a i l e y  ( I 96O) d e s c r i b e s  l a v a  p e l l e t s  r o u n d e d  by a t t r i t i o n  i n  t h e  

t u f f  and  a g g l o m e r a t e  a t  t h e  C hasw e ta  v e n t  i n  t h e  R u f u n s a  V a l l e y .  

Holmes m e n t i o n s  l a p i l l i  o f  k a t u n g i t e  w i t h  s k i n s ,  w hich  fo rm ed  a s  

l a v a  d r o p l e t s  i n  t h e  c r a t e r  a t  Katwe i n  w e s t e r n  Uganda ( 1 9 3 8 ) .

On Rangwa t h e  l a v a  component  i s  h i g h l y  c a r b o n a t e d  n e p h e l i n i t e ,  

w h ic h  s u g g e s t s  t h a t  t h e  v e n t  was d r i l l e d  by c a r b o n a t e - r i c h  g a s .

T h i s  i s  e x p e c t e d ,  s i n c e  t h e  d r i l l i n g  was p r e c e d e d  and  f o l l o w e d  by 

c a r b o n a t i t e  e p i s o d e s .  The c a r b o n a t e  and  a l k a l i s  t h a t  were  p r e s e n t  

i n  t h e  f l u i d i z a t i o n  column w ere  t r a p p e d  i n  t h e  a g g l o m e r a t e  a s  i t  

c o o l e d ,  t o  c a u s e  t h e  c a r b o n a t i o n  and  f e l s p a t h i s a t i o n .

A p a r t  f rom a p o s s i b l e  u n c o n n e c t e d  l a v a  e p i s o d e ,  t h e  b r e a k  

t h r o u g h  o f  a  f l u i d i z e d  v e n t  was t h e  e a r l i e s t  e x t r u s i v e  e v e n t  on 

Rangwa, and  i t  p i e r c e d  t h e  dome o f  b a s e m e n t  and p l u t o n i c s  n e a r  

t h e  t o p  s l i g h t l y  t o  t h e  n o r t h .  The p o s i t i o n  i n  r e l a t i o n  t o  t h e  

dome i s  h y p o t h e t i c a l ,  b u t  t h e  n o r t h  s i d e  i s  s u g g e s t e d  f o r  two 

r e a s o n s ;  t h e  c e n t r e  o f  Rangwa i s  n o r t h  o f  t h e  c e n t r e  o f  t h e  

c o n t o u r e d  dome, and  t h e  m a in  e x t r u s i v e  p r o d u c t s  a t  a  d i s t a n c e  f rom 

t h e  v e n t  a r e  t o  t h e  n o r t h .  When t h e  f l u i d i z e d  column r e a c h e d  t h e  

s u r f a c e ,  i t  fo rm ed  a  l a r g e  c r a t e r  r o u n d  i t s e l f ,  p a r t l y  by 

a v a l a n c h i n g  o f  t h e  s i d e s ,  and  p a r t l y  by o u tw a rd  b l a s t i n g  by  t h e  

g a s e s  i n  t h e  co lum n,  a  phenomenon t h a t  c o u l d  o n l y  h appen  t o  any
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g r e a t  e x t e n t  n e a r  t h e  s u r f a c e  o f  t h e  dome, where  t h e  b a se m e n t  

w ould  be l e s s  r e s i s t a n t  t o  o u tw a rd  p r e s s u r e .

L a y e r s  o f  Lower A g g lo m e ra te  i n t e r s p e r s e d  w i t h  o c c a s i o n a l  

l a y e r s  o f  a s h  a c c u m u l a t e d  i n  t h e  c r a t e r ,  and  were  f o r c e d  up i t s  

s i d e s  by  t h e  o u tw a rd  p r e s s u r e .  As w i l l  be  d e s c r i b e d  when t h e  

h i s t o r y  o f  t h e  w ho le  v o l c a n o  i s  o u t l i n e d ,  t h e  f l u i d i z e d  f lo w s  

e s c a p e d  from t h e  c r a t e r  w here  t h e  s i d e s  were  l o w e s t .  T h i s  i s

s i m i l a r  t o  t h e  " b o i l i n g  o v e r "  d e s c r i b e d  a t  some o f  t h e  f l u i d i z e d

v e n t s  i n  w e s t e r n  Uganda by Holmes ( 1 9 5 8 ) .

B. TUFF GROUP.

The two t y p e s  o f  t u f f  a r e  composed o f  s i m i l a r  m a t e r i a l .

The m ain  d i f f e r e n c e s  a r e  t h a t  one i s  f i n e l y  b e d d e d  and  t h e  o t h e r  i s  

r o u g h l y  b a n d e d ,  t h a t  t h e  Banded T u f f  c o n t a i n s  l a p i l l i ,  and  t h a t  

t h e  Bedded  T u f f  i s  f a r  more h i g h l y  a l t e r e d .  They b o t h  c o n s i s t  o f  

c a r b o n a t e - r i c h  a s h ,  g l a s s  and  l a v a  t o g e t h e r  w i t h  c r y s t a l s  o f  

m i n e r a l s  t y p i c a l  o f  a l k a l i n e  r o c k s .  B o th  o c c u r  a t  t h e  same 

s t r a t i g r a p h i e  l e v e l  on t h e  m o u n ta i n ,  and  t h e y  i n t e r f i n g e r .  So i t  

i s  t h o u g h t  t h a t  t h e y  o r i g i n a t e d  a s  t h e  same a i r  f a l l  t u f f ,  b u t  

t h a t  t h e y  f e l l  i n t o  d i f f e r e n t  e n v i r o n m e n t s .  The t h r e e  e n v i r o n m e n t s

t h a t  must  be  c o n s i d e r e d  a r e : -

( a )  Ash f a l l i n g  i n t o  a  d r y  e n v i r o n m e n t .

( b )  Ash f a l l i n g  i n t o  w a t e r  and  b e i n g  r e w o r k e d  e x t e n s i v e l y .

( c )  Ash f a l l i n g  i n t o  s h a l l o w  w a t e r .
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I n  t h e  c a s e  o f  t h e  Bedded T u f f ,  t h e  f i r s t  a l t e r n a t i v e  i s  

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

have  b e e n  c a u s e d  by  e i t h e r  wind o r  r u n n i n g  w a t e r .  B e s i d e s  any  

i r r e g u l a r i t i e s  c a u s e d  by t h e  e r o s i o n  s u r f a c e s  would  be m a i n t a i n e d  

by  s u c c e e d i n g  b e d s ,  u n t i l ,  a f t e r  s e v e r a l  e r o s i o n  s u r f a c e s ,  t h e  

b e d s  would  become v e r y  i r r e g u l a r ,  a s  one b e d  would  be t h e  same 

t h i c k n e s s  t h r o u g h o u t  r e g a r d l e s s  o f  t h e  s u r f a c e  i t  was l a i d  upo n ,  

( F i g u r e  l 8 shows t h e  t y p e  o f  b e d d i n g  t h a t  would  o c c u r  above  an 

e r o s i o n  s u r f a c e  i n  e a c h  o f  t h e  t h r e e  e n v i r o n m e n t s ) .  The s e c o n d  

e n v i r o n m e n t  i s  r u l e d  o u t  t o o .  A l th o u g h  t h e r e  i s  g r a d i n g ,  t h e  

s o r t i n g  i s  n o t  good enough  f o r  a  f i n e l y  b e d d ed  w a te r w o r k e d  d e p o s i t ,  

and t h e  c o n f i g u r a t i o n  o f  t h e  b e d s  above  t h e  e r o s i o n  s u r f a c e s  i s  

w rong ,  a s  t h e  l o w e s t  o n e s  s h o u l d  f i l l  o n l y  t h e  h o l l o w s ,  w h e r e a s  

i n  f a c t  t h e y  a r e  c o n t i n u o u s .  The l a s t  a l t e r n a t i v e  i s  t h e  o n l y  

one t h a t  f i t s  a l l  t h e  f a c t s .  Each b e d  i s  a  s i n g l e  a s h  f a l l .  The 

e n v i r o n m e n t  would  have  a l l o w e d  h e a v i e r  f r a g m e n t s  t o  s i n k  i n t o  t h e  

t o p s  o f  t h e  b e d s  b e lo w ,  and  r o u g h  g r a d i n g  would  have  b e e n  c a u s e d  

by  t h e  l a r g e r  f r a g m e n t s  f a l l i n g  f i r s t ,  a s  w i t h  a s h  f a l l i n g  i n t o  a  

d ry  e n v i r o n m e n t .  I n  w a t e r  o n l y  a  l i t t l e  a g i t a t i o n  would  have  b e e n  

n e e d e d  t o  c a u s e  t h e  b e d s  above  t h e  e r o s i o n  s u r f a c e s  t o  t h i c k e n  i n t o  

t h e  h o l l o w s  and  t h i n  o u t  o v e r  t h e  humps o c c a s i o n a l l y  d i s t u r b i n g  

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

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

were  fo rm ed  by  g e n t l y  moving w a t e r  d u r i n g  a  l u l l  i n  t h e  f a l l s  o f  a s h
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a. WHEN ASH HAS BEEN C A R R IE D  AND  
D E P O S IT E D  BY W ATER.
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b WHEN A SH H A S  FALLEN INTO A DRY 
E N V I R O N M E N T

c. WHEN ASH HAS FALLEN INTO SHALLOW 
WATER.

FIGURE 18. A L T E R N A T I V E  M E T H O D S  O F
F O R M A T I O N  OF E R O S I O N  S U R F A C E S  IN BEDDED  
TUFF.
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The Bedded T u f f  was d e p o s i t e d  i n  a  s h a l l o w  l a l c e , b u t  t h e  

-Banded T u f f  i s  t h e  p r o d u c t  o f  a  d r y  e n v i r o n m e n t .  The r o u g h  

b a n d in g  and  l a c k  o f  b e d d i n g  s t r u c t u r e s  i n d i c a t e  t h i s ,  b u t  t h e  

m ost  p o s i t i v e  e v i d e n c e  i s  t h e  p r e s e n c e  o f  a c c r e t i o n a r y  l a p i l l i .

The o r i g i n  o f  t h e  l a p i l l i  i s  i m p o r t a n t ,  a s  i t  h e l p s  t o  show 

how t h e  t u f f  on Rangwa was d e p o s i t e d ,  and  how much c o m p a c t i o n  i t  

h a s  s u f f e r e d .  M cCall  (1 9 5 8 )  s a y s  t h a t  t h e y  a r e  s e c o n d a r y  

f e a t u r e s ,  b e c a u s e  t h e  m a t e r i a l  i n s i d e  them and  t h e  m a t r i x  o f  t h e  

t u f f  a r e  t h e  same;  b u t  t h e  l a r g e  number  o f  b r o k e n  l a p i l l i ,  m os t  

o f  w h ich  were  b r o k e n  b e f o r e  t h e  t u f f  was fo rm e d ,  p r o v e s  t h a t  t h e y  

a r e  n o t .  Therefore tne lapilli were deposited at t h e  same t i m e  

a s  t h e  r e s t  o f  t h e  r o c k .

They w ere  n o t  fo rm ed  u n d e r  w a t e r ,  a s  any  l a p i l l i  fo rm e d  

t h e r e  would  n o t  have  c o n t i n u o u s  r i n g s ,  b u t  would  b e  s u r r o u n d e d  by 

s p i r a l s  ( F i g u r e  1 9 ) ,  a s  a  r e s u l t  o f  r o l l i n g .  For  t h e  same r e a s o n  

t h e  l a p i l l i  were  n o t  fo rm ed  by  r o l l i n g  o f  b a l l s  o f  a s h .  None o f  

t h e  l a p i l l i  w ou ld  s u r v i v e  u n b r o k e n  i f  t h e y  had  b e e n  e j e c t e d  f rom  

t h e  v e n t  w i t h  t h e  a s h ;  so  t h e y  fo rm ed  i n  m i d - a i r .  The f l a t t e n i n g  

o f  t h e  l a p i l l i  a lw a y s  f o l l o w s  t h e  b a n d i n g ,  u n l i k e  t h e  b i o t i t e  

c r y s t a l s  i n  t h e  t u f f ,  w h ich  a r e  u n o r i e n t a t e d .  T h i s  shows t h a t  t h e  

f l a t t e n i n g  i s  a  p o s t - d e p o s i t i o n  f e a t u r e ,  a s  i f  t h e y  w ere  f l a t  when 

t h e y  l a n d e d  t h e i r  o r i e n t a t i o n  w ou ld  be  ran do m . S i n c e  t h e r e  i s  t h e  

same amount o f  f l a t t e n i n g  a t  t h e  t o p s  and  b o t t o m s  o f  t h e  l a p i l l i ,  

i t  was due t o  c o m p a c t io n  o f  t h e  w hole  r o c k  r a t h e r  t h a n  i m p a c t  a t



1. A LAPILLUS F O R M E D  BY R O L L I N G

b. A LAPILLUS F O R M E D  IN THE AIR AND F L AT T E NE D 

ON IMPACT.

c. A LAPILLUS F OR ME D IN THE AIR AND F L A T T E N E D  
BY COMPACTION .

FIGURE 19. A L T E R N A T I V E  M E T H O D S  O F  F O R M A T I O N  
OF A C C R E TI O N A R Y  LAPILLI .
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t h e  t im e  o f  d e p o s i t i o n ;  h e n c e  t h e  e n v i r o n m e n t  i n t o  w h ich  t h e  

l a p i l l i  f e l l  m ust  have  b e e n  s o f t e r  t h a n  t h e  l a p i l l i  t h e m s e l v e s .

Most o f  t h e  l a p i l l i  a r e  o v a l  t o d a y ,  and  t h e y  s t a r t e d  a s  

s p h e r e s  o f  a s h  i n  m i d - a i r .  Some b r o k e  p r e s u m a b l y  by k n o c i t in g  

a g a i n s t  e a c h  o t h e r  o r  a g a i n s t  o t h e r  f r a g m e n t s .  As t h e  b r o k e n  

o n e s  t e n d  t o  o c c u r  i n  l a y e r s ,  and t h e i r  number d o e s  n o t  v a r y  

w i t h  t h e  number o f  whole  o n e s  o r  o t h e r  f r a g m e n t s ,  a n o t h e r  f a c t o r ,  

s u c h  a s  p e r i o d i c  v i o l e n t  a g i t a t i o n  i n  t h e  a t m o s p h e r e ,  m us t  be  

i n v o l v e d  t o o .

Few l a p i l l i  have  grown r o u n d  n u c l e i ,  and  t h e i r  c e n t r e s  

u s u a l l y  c o n s i s t  o f  a s h  s i m i l a r  t o  t h e  m a t r i x  o f  t h e  r o c k .  I t  i s  

t h o u g h t  t h a t  w a t e r  was t h e  a g e n t  r e s p o n s i b l e  f o r  h o l d i n g  t h e  

m a t e r i a l  t o g e t h e r  i n  t h e  a i r .  V o l c a n i c  e r u p t i o n s  a r e  a c c o m p a n ie d  

by l a r g e  q u a n t i t i e s  o f  s t e a m ,  w h ic h  c o n d e n s e  i n t o  d r o p l e t s  a s  i t  

c o o l s ,  and  a s h  c o u l d  have  c o a g u l a t e d  r o u n d  t h e s e  t o  form t h e  

l a p i l l i  i n  t h e  t u f f  a t  t h e  v o l c a n i c  c e n t r e .  The d e c r e a s e  i n  g r a i n  

s i z e  t o w a r d s  t h e  e d g e s  was c a u s e d  b y  a  d e c r e a s e  i n  t e m p e r a t u r e  

and  h u m i d i t y ,  when t h e  l a p i l l i  were  f o r c e d  upw ards  and away f rom  

t h e  v e n t .  Those w i t h  s e v e r a l  r i n g s ,  a c r o s s  w h ich  t h e  g r a i n  s i z e  

d e c r e a s e s ,  o c c u r  i n  b a n d s ,  and  were  fo rm ed  i n  t u r b u l e n t  a i r  

c o n d i t i o n s ,  when t h e  l a p i l l i  were  p u s h e d  up and down more t h a n  

o nce ;  t h i s  i s  a n a l o g o u s  t o  t h e  r i n g s  t h a t  a c c u m u l a t e  r o u n d  h a i l  

s t o n e s ,  when t h e y  a r e  j o s t l e d  up and  down i n  t h u n d e r  c l o u d s .  So 

t h e  l a p i l l i  w ere  fo rm ed  f rom c l o t s  o f  wet  a s h  so o n  a f t e r  l e a v i n g
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t h e  v e n t ,  and  t h e  f a c t  t h a t  t h e  s i z e  o f  m a t e r i a l  t h a t  c o u l d  s t i c k  

t o  them became l e s s  w i t h  d e c r e a s i n g  h u m i d i t y  c a u s e d  t h e  f i n e  

g r a i n e d  m a r g i n s  and  r i n g s ,  and  e n s u r e d  t h a t  t h e  r i n g s  a r e  a lw a y s  

c o n t i n u o u s *

A l t h o u g h  t h i s  a p p e a r s  t o  be  t h e  f i r s t  do c u m e n te d  o c c u r r e n c e  

o f  a c c r e t i o n a r y  l a p i l l i  f rom  a  c a r b o n a t i t e  c e n t r e ,  t h e y  a r e  n o t  

a  u n i q u e  phenomenon.  They have  b e e n  o b s e r v e d  t o  f a l l  w i t h  r a i n  

t h r o u g h  v o l c a n i c  a s h ,  o r  have  b e e n  s e e n  so o n  a f t e r w a r d s  a t  some 

r e c e n t  e r u p t i o n s .  They have  b e e n  r e c o r d e d  b y  S c r o p e  (1 8 2 9 )  and  

J a g g a r  (19 2 1 )  a t  V e s u v i u s ,  and  a t  H a w a i i  by P e r r e t  ( 1 9 1 3 ) ,

S t e a r n s  (19 2 3 )  and  M acdona ld  ( 1 9 4 9 ) .  Moore and  P e c k  (1 9 6 2 )  g i v e  

a  summary o f  o c c u r r e n c e s  o f  a l l  a g e s  i n  t h e  U n i t e d  S t a t e s ,  and  

t h e i r  c o n c l u s i o n s  a r e  i n  g e n e r a l  a c c e p t e d ,  a s  t h e  l a p i l l i  on 

Rangwa have  s i m i l a r  c h a r a c t e r i s t i c s .  They s a y  t h a t  l a p i l l i  o c c u r  

i n  p o o r l y  s t r a t i f i e d  a i r  f a l l  t u f f ,  a  d e f i n i t i o n  t h a t  f i t s  t h e  

Banded T u f f  on Rangwa w e l l .  The s i z e  r a n g e  t h e y  g i v e  f o r  t h e  

m a jo r  a x i s  i s  b e tw e e n  2 and  10  mm, w i t h  t h e  m a j o r i t y  b e tw e e n  2 and  

4 mm; t h e  o n e s  f o u n d  on Rangwa a r e  r a t h e r  l a r g e r ,  and  many h a v e  

l o n g  a x e s  o f  o v e r  10 mm. T h e i r  r a t i o  o f  m a j o r  t o  m in o r  a x e s  i s  

b e tw e e n  1 : 1 . 4o and  1 : 1 . 7 0 ,  and  t h e  r a t i o s  on Rangwa f a l l  b e tw e e n  

1 : 1 . 3 0  and 1 : 2 . 2 0 ,  w i t h  an  a v e r a g e  o f  1 : 1 . 6 0 .  I n  t h e i r  e x a m p l e s ,  

t h e r e  a r e  more b r o k e n  l a p i l l i  when t h e  m a t r i x  o f  t h e  t u f f  i s  

c o a r s e ,  a  f e a t u r e  w h ic h  was n o t  n o t i c e d  on Rangwa. T h e i r  t e x t u r a l  

d e s c r i p t i o n  t a l l i e s  w e l l ,  and  t h e y  g i v e  t h e  c a u s e  a s  c o n d e n s a t i o n
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o f  v o l c a n i c  s t e a m  o r  sh o w e rs  o f  r a i n  f a l l i n g  i n t o  c l o u d s  o f  a s h .

They do n o t  t h i n k  t h a t  t h e  l a p i l l i  w e re  c o h e s i v e  e nough  t o

s u r v i v e  f a l l i n g  i n t o  w a t e r .

The l a p i l l i  g i v e  u s e f u l  i n f o r m a t i o n  c o n c e r n i n g  t h e  amount  

o f  c o m p a c t io n  i n  t h e  t u f f .  The a v e r a g e  l e n g t h  o f  t h e  m in o r  a x e s  

r e l a t i v e  t o  t h e  m a jo r  o n e s  i s  62% ( o r  1 : 1 . 6 0 ) f o r  t h e  s a m p le s  

c o l l e c t e d .  A l t h o u g h  s a m p l i n g  was o b v i o u s l y  by no means c o m p l e t e ,  

t h i s  f i g u r e  i s  p r o b a b l y  n e a r  t o  t h e  t r u e  a v e r a g e ,  a s  h a l f  t h e  

sp e c im e n s  w i t h  l a p i l l i  have  m in o r  a x e s  t h a t  a r e  b e t w e e n  36% and  

67% o f  t h e  m a jo r  o n e s .  I t  h a s  b e e n  shown t h a t  t h e  l a r g e r  t h e  

o t h e r  f r a g m e n t s  i n  t h e  t u f f ,  t h e  l e s s  t h e  c o m p a c t i o n ;  t h e  r e a s o n  

i s  t h a t  l a r g e  f r a g m e n t s  w h ic h  were  r i g i d  when t h e  t u f f  was 

d e p o s i t e d  p r o v i d e  a  f ram ew ork  t h a t  p r e v e n t s  c o m p a c t i o n .  The t o t a l  

t h i c k n e s s  o f  Banded T u f f  a t  t h e  s o u t h e r n  p a r t  o f  Rangwa t o d a y  i s  

a t  l e a s t  4 , 0 0 0  f t . ,  and  p r i o r  t o  c o m p a c t i o n  t h e r e  m ust  hav e  b e e n  

a  t h i c k n e s s  o f  up t o  7 , 0 0 0  f t .  P r e s u m a b ly  some o f  i t  h a p p e n e d  

p e n e c o n t e m p o r a n e o u s l y , b u t  more m ust  have  b e e n  due t o  t h e  w e i g h t  

o f  s u c c e e d i n g  v o l c a n i c s ,  and  i t  i s  a  p o t e n t i a l  s o u r c e  o f  g r a d u a l  

s u b s i d e n c e .

A l l  t h e  t u f f s  were  e r u p t e d  f rom  a  c e n t r a l  s o u r c e ,  and  r e p r e s e n t  

a  waning  p h a s e  o f  a c t i v i t y  from t h e  v e n t  o f  t h e  Lower A g g l o m e r a t e  

( F i g u r e  2 1 ) ,  The a s h  f a l l s  c o v e r e d  t h e  whole  a r e a  o f  t h e  c r a t e r  

c a u s e d  by t h e  Lower A g g l o m e r a t e ,  f a l l i n g  i n t o  a  c r a t e r  l a k e  i n  t h e  

n o r t h e r n  p a r t ,  and i n t o  a  d r y  e n v i r o n m e n t  i n  t h e  s o u t h ,  so  t h a t ,  t h o u g h
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a s h  w i t h  l a p i l l i  f e l l  t h r o u g h o u t ,  t h e  l a p i l l i  w e re  d e s t r o y e d  by 

t h e  w a t e r  i n  t h e  n o r t h .  The i n t e r f i n g e r i n g  b e t w e e n  t h e  two t y p e s  

o f  t u f f  shows t h a t  t h e  s i z e  o f  t h e  l a k e  v a r i e d ,  a nd  o c c a s i o n a l l y  

i t  must  have  d r i e d  u p ,  a s  t h e r e  a r e  some e x p o s u r e s  o f  l a p i l l i  

t u f f  t o  t h e  n o r t h  (RF 2 0 ) ,  b u t  t h e y  a r e  r e d  an d  a l t e r e d ,  b e c a u s e  

w a t e r  h a s  p e r c o l a t e d  down t o  them ,  and  t h e y  a r e  s u c c e e d e d  b y  

Bedded T u f f ,  w h ic h  may b r e a k  t h e  l a p i l l i  b e lo w  (RF 1 0 ) ,  o r  p i c k  

up b i t s  o f  them (RF 4 ? ) .  RF l 6? d e m o n s t r a t e s  t h a t  t h e  l a k e  

so m e t im es  p e n e t r a t e d  t o  t h e  s o u t h  o f  Rangwa, a s  B e d d ed  T u f f  i s  

s e e n  t o  f l o w  o v e r  Banded  T u f f .  As i t  i s  t o d a y ,  t h e  b a s e  o f  t h e  

Banded  T u f f  m ust  hav e  b e e n  s l i g h t l y  h i g h e r  t h a n  t h e  B edded  T u f f ,  

and i t  t e n d e d  t o  be  b a n k e d  up a g a i n s t  t h e  w a l l  o f  t h e  c r a t e r ,  t o  

g i v e  i t  an  o r i g i n a l  i n w a r d  d i p  o f  a b o u t  1 3 ° ,  w h e r e a s  t h e  B e d d ed  

T u f f  was a lw a y s  more o r  l e s s  l e v e l .

I t  w i l l  be  shown i n  P a r t  I I I  t h a t  t h e  o n l y  t u f f s  e q u i v a l e n t  

t o  t h e  T u f f  Group t h a t  s u r v i v e  away f rom  Rangwa a r e  t o  t h e  n o r t h ,  

and  t h e i r  d e p o s i t i o n  d e p e n d e d  on t h e  p r e v a i l i n g  w ind  d i r e c t i o n .

C. UPPER AGGLOMERATE.

The Upper A g g lo m e r a te  was fo rm ed  a f t e r  t h e  c o n s o l i d a t i o n  o f  

t h e  T u f f  Group,  a s  i t  c o n s i s t s  l a r g e l y  o f  f r a g m e n t s  o f  B ed ded  T u f f  

I t  c o n t a i n s  a  few f r a g m e n t s  o f  m a t c h a b l e  b a s e m e n t  and  p l u t o n i c  

r o c k s ,  and i t s  a r e a  o f  o u t c r o p  i s  t o  t h e  n o r t h  o f  t h e  c e n t r e  o f  

Rangwa; so p r e s u m a b l y  i t  was c a u s e d  by  a  v e n t  t h a t  p i e r c e d  t h e
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c o u n t r y  r o c k  i n  a  new p l a c e  ( f i g u r e  2 2 ) .

The i n c i p i e n t  r o u n d i n g  o f  e v e n  t h e  l a r g e s t  t u f f  f r a g m e n t s ,  

and  t h e  r e a c t i o n  r i m s  r o u n d  t h e  b a s e m e n t  f r a g m e n t s  s u g g e s t  t h a t ,  

a s  f o r  t h e  Lower A g g l o m e r a t e ,  t h e  m echan ism  o f  e m p la c e m e n t  was 

g a s  d r i l l i n g .  The amount o f  m a t e r i a l  t h a t  was p u s h e d  o u t  f rom  t h e  

v e n t  i s  s m a l l ,  a s  n o t  much s u r v i v e s  away f rom Rangwa, and  t h e  v e n t  

i s  s t i l l  c l u t t e r e d  up w i t h  t h e  r o c k s  t h a t  w ere  t h e r e  p r i o r  t o  t h e  

d r i l l i n g  and have  n o t  b e e n  moved f a r .

The o u t c r o p  p a t t e r n  shows t h a t  t h e  b o u n d a r y  d i p s  i n w a r d  

s t e e p l y ,  and  t h e  o r i g i n a l l y  c i r c u l a r  v e n t  was a b o u t  a  m i l e  a c r o s s .  

I n w a r d - d i p p i n g  f l o w  b a n d i n g  i s  n o t  p r e s e n t .  T h ese  f e a t u r e s  i n d i c a t e  

t h a t  t h e  Upper A g g lo m e r a te  r e p r e s e n t s  a  l o w e r  l e v e l  i n  t h e  

f l u i d i s a t i o n  column t h a n  t h e  Lower A g g l o m e r a t e ,  an d  t h e  v e n t  i s ,  

t h e r e f o r e ,  c l o s e r , t o  W i l l i a m s *  **Navajo** t h a n  **Hopi** t y p e .  P r e s u m a b l y  

l o w e r  down t h e  v e n t  n a r r o w s  f a r t h e r .

D. SUBSIDENCE OF THE PYROCLASTICS.

The s u b s i d e n c e  o f  t h e  p y r o c l a s t i c s  i s  one o f  t h e  m os t  e n i g m a t i c  

e v e n t s  i n  t h e  h i s t o r y  o f  Rangwa. I t  h a s  b e e n  shown i n  t h e  s t r u c t u r a l  

s e c t i o n  t h a t  t h e  p y r o c l a s t i c s  a r e  s u r r o u n d e d  by  a  r i n g  f a u l t ,  w h ic h  

th r e w  t h e i r  o u t e r  b o u n d a r y  a t  l e a s t  1 ,3 0 0  f t .  down, and  d i p s  r o u n d  

t h e  edge have  b e e n  s t e e p e n e d  by more t h a n  1 0 ° .  The f a u l t i n g  an d

s t e e p e n i n g  o f  d i p s  must  have  p r e c e d e d  a l l  t h e  c a r b o n a t i t e  i n t r u s i o n s  

w i t h i n  t h e  p y r o c l a s t i c s  f o r  t h e s e  r e a s o n s  : —
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1 . I f  t h e  s t e e p e n i n g  o f  t h e  d i p s  had  b e e n  l a t e r  t h a n  t h e  

i n t r u s i o n  o f  t h e  s m a l l  c a r b o n a t i t e  c o n e s h e e t s  and  d y k e s ,  t h e  d i p s  

o f  t h e  c o n e s h e e t s  w ould  have  b e e n  s t e e p e n e d  t o o ;  b y  c o r r e c t i n g  

them ( F i g u r e  3 0 )  and  r e v e r s i n g  t h e  f a u l t ,  t h e i r  f o c i  o f  o r i g i n  

would  be i m p o s s i b l y  h i g h  i n  t h e  v o l c a n i c  s u p e r s t r u c t u r e .

2 .  I f  t h e  f a u l t i n g  had  p o s t d a t e d  t h e  i n t r u s i o n  o f  t h e  

c a r b o n a t i t e  c o n e s h e e t s  and d y k e s ,  t h e  b a s e m e n t  and  p l u t o n i c  r o c k s  

t o  t h e  s o u t h e a s t  o f  Rangwa w o u ld  h a v e  b e e n  a t  a  l o w e r  l e v e l  w i t h  

r e l a t i o n  t o  t h e  c a r b o n a t i t e  i n t r u s i o n s  t h a n  t h e y  a r e  now; t h e r e f o r e  

many more s m a l l  i n t r u s i o n s  o f  l a t e  c a r b o n a t i t e  w o u ld  be  e x p e c t e d

i n  them .

Away from t h e  edge  o f  Hangwa, few d i p s  c o u l d  be  m e a s u r e d  i n  

t h e  p y r o c l a s t i c s , and  t h o s e  t h a t  were  a r e  a m b ig u o u s .  S o ,  a l t h o u g h  

t h e  s t a g e  i n  t h e  e v o l u t i o n  o f  Hangwa a t  w h ic h  t h e  s u b s i d e n c e  t o o k  

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

a r e  c o n j e c t u r a l .

S u b s i d e n c e  o f  an  a r e a  t h e  s i z e  o f  Hangwa m ust  hav e  c a u s e d  

t h e  f o r m a t i o n  o f  a  c a l d e r a ,  t h e  r e v e r s e  o f  t o d a y ' s  r e l i e f  p a t t e r n .

I f  t h e  s u b s i d e n c e  i s  r e l a t e d  t o  t h e  e x p l o s i v e  e r u p t i o n s  o f  

n e p h e l i n i t e  a g g l o m e r a t e  a t  t h e  c e n t r e ,  i t  h a s  a f f i n i t i e s  w i t h  

W i l l i a m s '  E r a k a t c a n  t y p e  o f  c a l d e r a  ( 1 9 4 1 ) .  T h i s  r e l a t i o n s h i p  

c a n n o t  be  p r o v e d ,  b u t  some f e a t u r e s  do o c c u r  on t h e  K i s i n g i r i  

V o lcan o ,  w hich  a r e  s i m i l a r  t o  t h o s e  a s s o c i a t e d  w i t h  c a i d e r a s  

e l s e w h e r e  (Holmes I 9 6 5 , pp  339  -  3 4 4 ) ; -
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1 .  The s i z e  o f  Rangwa ( 4 ^  x  3 ^  m i l e s )  i s  n o t  f a r  d i f f e r e n t  

from t h a t  o f  many o t h e r  c a l d e r a s .  I t  i s  r a t h e r  l a r g e r  t h a n  

K i l a u e a  (3 x  2 m i l e s ) ,  a b o u t  t h e  same s i z e  a s  K r a lc a t o a  ( 4 ^  x 4 m i l e s )  

and s m a l l e r  t h a n  C r a t e r  L ak e ,  O regon  (6^- x  6^  m i l e s ) .

2. Most o f  t h e  m a t e r i a l  on  t h e  c a l d e r a  f l o o r  ( i . e .  t h e  

Hangwa p y r o c l a s t i c s )  h a s  n o t  b e e n  b l a s t e d  o u t .  About  àQ/o o f  t h e

a r e a  o f  Rangwa i s  c o v e r e d  b y  p y r o c l a s t i c s  w h ic h  w e re  t h e r e  p r i o r  t o

t h e  s u b s i d e n c e .

3 .  S o m e t im es ,  a s  i n  t h e  c a s e  o f  Lake Toba i n  S u m a t r a ,  

c a l d e r a  f o r m a t i o n  i s  p r e c e d e d  by doming o f  t h e  s u r r o u n d i n g  a r e a .

T h i s  h a p p en e d  a ro u n d  Rangwa a t  a  v e r y  much e a r l i e r  s t a g e ,  p r i o r  t o  

most  o f  t h e  v o l c a n i c  a c t i v i t y .

4 .  As a t  K ra l ' ia toa ,  v o l c a n i c  a c t i v i t y  ( t h e  h i g h e r  n e p h e l i n i t e s , 

some o f  w h ich  c o n t a i n  c a r b o n a t i t e  f r a g m e n t s )  was r e s u m e d  a f t e r  t h e  

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

must  n o t  be o v e r r u l e d .

3 .  S t e e p e n i n g  o f  d i p s  a t  t h e  e d g e s  o f  s u b s i d e d  b l o c k s  h a s  

b e e n  o b s e r v e d  a t  o t h e r  c e n t r e s .  F o r  e x a m p le ,  i n  t h r e e  o f  t h e  

c a u l d r o n s  i n  t h e  Os lo  a r e a  ( O f t e d a h l  i n  R e y n o ld s  1 9 3 6 ) ,  a n d  a t  

G lenco e  ( B a i l e y  and H aufe  1 9 1 6 ) ,  m a r g i n a l  l a v a s  h a v e  b e e n  t i l t e d ,

an d ,  i n  some c a s e s ,  o v e r t u r n e d .

However, some f e a t u r e s  o f t e n  a s s o c i a t e d  w i t h  c a u l d r o n  

s u b s id e n c e  and  c a l d e r a s  ( R e y n o ld s  1 9 56 )  a r e  e i t h e r  o b s c u r e d  o r  

l a c k i n g .  No f l u i d i s e d  b r e c c i a s  a r e  e x p o s e d  a l o n g  t h e  f a u l t  p l a n e ,
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and few r a d i a l  f a u l t s  c u t  t h e  s u b s i d e d  p y r o c l a s t i c s .

The d i p  o f  t h e  p l a n e  o f  t h e  b o u n d a r y  f a u l t  c a n n o t  oe 

d e t e r m i n e d ,  and t h e  m echan ism  o f  s u b s i d e n c e  i s  n o t  known.  I t  may 

be  s u p p o s e d  t h a t  Hangwa s u b s i d e d  when i t s  s u p p o r t  f ro m  t h e  magma 

chamber b e lo w  was rem ov ed ,  and  t h i s  p r o b a b l y  h a p p e n e d  when 

n e p h e l i n i t e  a g g l o m e r a t e s  w ere  e r u p t e d  f rom  t h e  c e n t r e  on a  l a r g e

s c a l e .

I t  c a n n o t  be  p r o v e d  t h a t  t h e  c e n t r e s  o f  an y  o f  t h e  o t h e r  

a l k a l i n e  v o l c a n o e s  i n  W e s t e r n  Kenya o r  E a s t e r n  Uganda  s u b s i d e d  i n  

t h e  same way a s  Rangwa. The o l d e r  c e n t r e s  i n  U g an d a ,  T o r o r o ,

Bukusu ,  Sulculu and T o ro r  a r e  t o o  d e e p l y  e r o d e d  f o r  s u b s i d e n c e  t o  be

r e c o g n i z e d  i f  i t  o c c u r r e d .  E lg o n  ( D a v i e s  193 2 )  a n d  T i n d e r e t  

(B inge  I 9 6 2 ) a r e  b o t h  f a r  l e s s  e r o d e d  t h a n  t h e  K i s i n g i r i  V o l c a n o .

I f  t h e  c e n t r e s  o f  e i t h e r  o f  t h e s e  v o l c a n o e s  s u b s i d e d ,  any  e v i d e n c e  

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

and l a v a s .  Of t h e  v o l c a n o e s  w here  t h e  amount  o f  e r o s i o n  i s  

i n t e r m e d i a t e ,  no s u b s i d e n c e  can  be  p r o v e d  a t  Mount M oro to  w i t h i n  

t h e  c o m p a r a t i v e l y  s m a l l  e r o s i o n  c a l d e r a  (V a rn e  I 9 6 3 ) ,  and  o f  t h e  

two t e c t o n i c  i n t e r p r e t a t i o n s  o f  Napak K ing  ( 1 9 4 8 )  d o e s  n o t  g i v e

any e v id e n c e  f o r  s u b s i d e n c e ,  w h e r e a s  T r e n d a l l  ( 1 9 6 I )  b e l i e v e s  t h a t

most  o f  t h e  a r e a  w i t h i n  t h e  i n w a r d - f a c i n g  v o l c a n i c  s c a r p s  s u b s i d e d .

I f  T r e n d a l l ' s  i n t e r p r e t a t i o n  i s  c o r r e c t ,  a  q u i t e  d i f f e r e n t  t y p e  o f  

s u b s id e n c e  must  have  h a p p e n e d  a t  N apak ,  s i n c e  o n l y  a  s m a l l  p a r t  o f  

t h e  a r e a  w i t h i n  t h e  v o l c a n i c  s c a r p s  s u b s i d e d  on t h e  K i s i n g i r i  v o l c a n o
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E ls e w h e re  i n  E a s t  A f r i c a ,  c a l d e r a s  h a v e  b e e n  f o r m e d  a t  

a l k a l i n e  v o l c a n o e s  o f  a  v e r y  w ide  r a n g e  o f  t y p e s ,  r a n g i n g  f rom  

n e p h e l i n i t i c  t o  t r a c h y t i c ,  and  f rom  p r e d o m i n a n t l y  l a v a  t o  

p y r o c l a s t i c .  The most  s p e c t a c u l a r  o n e s  a r e  t h e  G i a n t  C r a t e r s  o f  

t h e  E y a s i  R i f t  o f  w h ich  t h e  l a r g e s t  i s  N g o r o n g o r o  ( W i l c o c k s o n  1 9 6 4 ) ,  

and Guswa and Menengai  i n  t h e  G r e g o r y  R i f t ;  b o t h  t h e  l a t t e r  c a l d e r a s  

a r e  a s s o c i a t e d  w i t h  e r u p t i o n s  o f  i g n i m b r i t e s  (M c C a l l  I 9 6 3 ) .  I t  

i s  c o n c lu d e d  t h a t  t h e  l e v e l  o f  e r o s i o n  on Rangwa i s  u n u s u a l  r a t h e r  

t h a n  t h e  o c c u r r e n c e  o f  s u b s i d e n c e .
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I UPPER AGGLOMERATE

DRILLING OF NEW VENTl 1
-fc^ A S H  ERUPTED DURING PHASES OF WANING A C TIV ITY

Ÿ t
m H a

[b e d d e d  TUFF] IBANDED TUFFI

LOWER AGGLOMERATE FORMED AFTER MANY REPETITIONS
OF THIS SEQUENCE.

 =  ► =  ► #
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V I II

THE LATE CAKBONATITES

C a r b o n a t i t e s  and  t h e  r o c k s  w h ic h  have  b e e n  a l t e r e d  o r  

b r e c c i a t e d  b y  them c o m p r i s e  t h e  o n l y  m a jo r  g ro u p  o f  r o c k s  on 

Rangwa a p a r t  f rom  t h e  p y r o c l a s t i c s .  I n c l u d i n g  t h e  a r e a s  o f  

p re su m ed  c a r b o n a t i t e  and  b r e c c i a  t h a t  a r e  c o v e r e d  by  t h e  a l l u v i u m  

and g r a v e l  on t h e  f l o o r  o f  N y a k i r a n g a c h a ,  t h e y  a c c o u n t  f o r  n e a r l y  

20% o f  t h e  a r e a  o f  Rangwa. T h e i r  f i e l d  r e l a t i o n s  and  a p p e a r a n c e  

i n  hand  sp e c im e n  e n a b l e  them t o  be  d i v i d e d  i n t o  t h r e e  g r o u p s : -

S m a l l  c o n e s h e e t s  and  r a d i a l  d y k e s .

E k io j a n g o  C a r b o n a t i t e  and  B r e c c i a .

Kinyamungu C a r b o n a t i t e  and B r e c c i a .

The d i v i s i o n s  a r e  p a r t l y  r e l a t e d  t o  t h e  h i s t o r y  o f  em placem ent  

o f  t h e  c a r b o n a t i t e s ,  and i t  w i l l  be  shown t h a t  most  o f  t h e  s m a l l  

d yk es  and c o n e s h e e t s  were  e m p laced  b e f o r e  t h e  E k io j a n g o  Group ,  and  

t h e  E k io j a n g o  Group b e f o r e  t h e  Kinyamungu Group ( F i g u r e  2 5 ) .

However, n o t  a l l  t h e  dykes  and c o n e s h e e t s  a r e  e a r l y ,  and t h e r e  i s  a  

l a t e  e p i s o d e  o f  r e d  d y k e s ,  w h ich  w i l l  be  d e s c r i b e d  w i t h  th e  

Kinyamungu G roup .  The p é t r o g r a p h i e  d i s t i n c t i o n  b e tw ee n  th e  two 

g r o u p s  i s  so m e t im es  b l u r r e d ,  and e ac h  one may w e l l  be s p l i t  i n t o  

s e v e r a l  e p i s o d e s .

The g r o u p s  u s e d  a r e  t h e  most  c o n v e n i e n t  and l o g i c a l  

s u b - d i v i s i o n s  a v a i l a b l e ,  b u t  t h e y  a r e  n o t  s h a r p l y  d e f i n e d  and t h e i r
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l i m i t a t i o n s  w i l l  be  d i s c u s s e d  i n  t h e  s e c t i o n  on age  r e l a t i o n s .

1 .  DISTRIBUTION.

A p a r t  f rom t h e  s m a l l  c o n e s h e e t s  and dykes  and th e

c a r b o n a t i t e  on Mwisasu ,  a l l  t h e  c a r b o n a t i t e s  and b r e c c i a s  c a u s e d

by  them o c c u r  i n  and  a ro u n d  N y a k i r a n g a c h a .  The sh a p e  o f  t h e i r  

a r e a  o f  o u t c r o p  i s  a  ro u g h  o v a l ,  w h ich  i s  1-J m i l e s  f rom n o r t h  t o  

s o u t h ,  and  ÿ  o f  a  m i l e  f rom  e a s t  t o  w e s t .  I t  i s  s l i g h t l y  t o  t h e

n o r t h  o f  t h e  c e n t r e  o f  t h e  l a r g e r  o v a l  fo rm ed by t h e  o u t c r o p

p a t t e r n  o f  t h e  p y r o c l a s t i c .  g r o u p s  ( F i g u r e  2 5 ) .

A. THE SPiALL CONESHEETS AND RADIAL DYKES.

The s m a l l  c o n e s h e e t s  and r a d i a l  dykes  a r e  s e e n  araong t h e  

p y r o c l a s t i c s  a lm o s t  w h e r e v e r  t h e  e x p o s u r e  i s  go od ,  and o v e r  two 

h u n d r e d  o f  them were  found  on Rangwa. S i n c e  t h e y  a r e  d i s c o n t i n u o u s  

and se ldom  more t h a n  10 cm a c r o s s ,  and t h e i r  h a r d n e s s  i s  much t h e  

same a s  t h a t  o f  t h e  h o s t  r o c k ,  t h e y  a r e  n o t  p r o m i n e n t ,  and th e  

d i s t r i b u t i o n  p a t t e r n  w h ich  s u r v i v e s  i s  by no means c o m p le t e .

They o c c u r  a l l  a l o n g  t h e  n o r t h e r n  and e a s t e r n  bo u n d a ry  c l i f f s  

o f  Rangwa, and t h e y  a r e  e s p e c i a l l y  f r e q u e n t  on Kumuthua and 

M u i t h e r e r e ,  t h e  n o r t h e r n  s l o p e s  o f  K i n y a t h e n g o , ■ and t h e  t o p s  o f  

K u r u g i t h o  and  I k i w a t h i .  The o n l y  e x t e n s i v e  e x p o s u r e s  o f  p y r o c l a s t i c s  

where  few s m a l l  c o n e s h e e t s  and  dykes  o c c u r  a r e  t h o s e  o f  Banded T u f f  

a t  t h e  s o u t h  e a s t  and s o u t h .
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B. THE EKIQJMGQ CARBONATITE AND BRECCIA.

The E l i io ja n g o  g r o u p  form s a  d i s c o n t i n u o u s  r i n g  rou nd  

N y a k i r a n g a c h a .  I n  t h e  n o r t h e a s t  and e a s t  t h e  r i n g  i s  w e l l  fo rm ed ,  

i n  t h e  s o u t h  and  w e s t  i t  i s  d i s r u p t e d  by  f a u l t i n g  and p a r t l y  c u t  

o u t  by t h e  Kinyamungu G ro up ,  a n d ,  i n  t h e  n o r t h w e s t  i t  i s  c o v e r e d  

by  a l l u v i u m  a t  t h e  o u t l e t  o f  N y a k i r a n g a c h a .  The r i n g  i s  w i d e s t  

n e a r  Mwisoma, where  i t s  w i d t h  i s  450 y a r d s .

The c a r b o n a t i t e  i s  f l a n k e d  on b o t h  s i d e s  and  som etim es  

c ap p e d  by  t h e  a s s o c i a t e d  b r e c c i a ,  and i t  n o r m a l l y  o c c u p i e s  

r e l a t i v e l y  l o w e r  g ro u n d  t h a n  t h e  b r e c c i a .  T h i s  w i l l  be  e v i d e n t  

i f  t h e  r o c k  t y p e s  and t o p o g r a p h y  t h e y  c a u s e  a r e  f o l l o w e d  i n  a  

c l o c k w i s e  d i r e c t i o n ,  s t a r t i n g  i n  t h e  n o r t h .  B r e c c i a  and 

c a r b o n a t i t e  a r e  c l o s e l y  i n v o l v e d  t o g e t h e r ,  and f o r  p u r p o s e s  o f  

m app in g ,  a  r o c k  c o n t a i n i n g  more t h a n  50% c a r b o n a t i t e  was c l a s s i f i e d  

a s  c a r b o n a t i t e ,  and l e s s  t h a n  50% a s  b r e c c i a .  The t o p  o f  D c iw a th i  

and  i t s  s o u t h  f a c i n g  c l i f f  a r e  o r e c c i a ;  so  i s  t h e  s t e e p  r i d g e  o f  

K i s o i ,  b u t  t h e  v a l l e y  b e tw e e n  them i s  f l o o r e d  by c a r b o n a t i t e .  The 

r o c k y  b r e c c i a  h i l l  o f  1-iwisoma r i s e s  a t  t h e  head  o f  t h e  v a l l e y  

( p l a t e  1 2 9 ) ,  and i t s  b a s e  i s  s u r r o u n d e d  by  c a r b o n a t i t e  a t  much t h e  

same l e v e l  a l l  t h e  way r o u n d .  A p a r t  from some o u tw a rd  f a c i n g  

c l i f f s  s o u t h  o f  Omwoyo, t h e  t r a n s i t i o n  from p y r o c l a s t i c s  t o  t h e i r  

b r e c c i a t e d  c o u n t e r p a r t s  i s  n o t  marked  by any t o p o g r a p h i c a l  f e a t u r e ,  

b u t  t h e  i n n e r  b o u n d a ry  o f  t h e  i n n e r  zone  o f  b r e c c i a  i s  a  c u rv e d  s c a r p .
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r u n n i n g  from K i s o i  t o  s o u t h  o f  E k io j a n g o  ( p l a t e  I p O ) .  The b r e c c i a  

t e n d s  t o  form c l i f f s  on e i t h e r  s i d e  o f  t h e  c a r b o n a t i t e .  These 

c o n s t i t u t e  t h e  i r r e g u l a r  s c a r p  ro u n d  t h e  u p p e r  s l o p e s  o f  N y a k i r a n g a c h a ,  

and  t h e  o u tw a rd  f a c i n g  c l i f f s  on t h e  two d y k e l i k e  f e a t u r e s  on 

E k i o j a n g o .  K in y u k a  i s  a  r o c k y  c a p p i n g  o f  b r e c c i a  l i k e  Mwisoma.

N o r t h  o f  E r i k e n d e , t h e  c a r b o n a t i t e  d i s a p p e a r s  b e n e a t h  t h e  

b r e c c i a ,  and  an  i r r e g u l a r  p a t c h  o f  c a r b o n a t e d  t u f f  s e v e r a l  h u n d r e d  

y a r d s  a c r o s s  r e s t s  on t h e  b r e c c i a  b u t  h a s  l i t t l e  t o p o g r a p h i c a l  

e x p r e s s i o n .  N o r t h  o f  M wisasu ,  t h e  o u t e r  b o u n d a ry  o f  t h e  b r e c c i a  

i s  m arked  by  s e v e r a l  l a r g e  c l i f f s ,  and  t h e  c o n n e c t i n g  r i d g e  b e tw e e n  

E r ik e n d e  and  Kumuthua a s  w e l l  a s  t h e  t o p s  o f  Kumuthua and M u i t h e r e r e  

a r e  composed o f  b r e c c i a .  No l a r g e  o u t c r o p s  o f  c a r b o n a t i t e  were  

fo u n d  s o u t h  o r  w e s t  o f  N y a k i r a n g a c h a .  On E r i a u r u m a ,  t h e  E k io j a n g o  

Group i s  c u t  o u t  by t h e  Kinyamungu G roup ,  so  t h a t  t h e  r i n g  i s  

b r o k e n .

The t o p  o f  Mwisasu,  h a l f  a  m i l e  t o  t h e  s o u t h w e s t  o f  t h e  m ain  

r i n g ,  i s  a  r i d g e  o f  c a r b o n a t i t e  and  b r e c c i a ,  s i m i l a r  t o  t h o s e  o f  

t h e  E k io j a n g o  Group ,  w i t h  w h ich  i t s  r o c k s  w i l l  be  d e s c r i b e d .  The 

o u t c r o p s  form an  a r c  t h a t  i s  c o n c e n t r i c  w i t h  t h e  main  r i n g  and 

a b o u t  200 y a r d s  l o n g .

C. THE KINTAI4UNGU CARBONATITE AND BRECCIA.

The Kinyamungu Group p r o b a b l y  o c c u p i e s  t h e  f l o o r  o f  

N y a k i r a n g a c h a ,  b u t  i t  o n l y  p r o j e c t s  above t h e  p r e s e n t  day l e v e l  o f



Plate 1 2 9 . The valley between' Ikiwathi and Kisoi 
from the west. Carbonatite is exposed in much 
of the valley; the cliffs on either side and'- 
Mwisoma in the background consist of^breccia.

Plate 1 5 0 . Mwisoma and Kinyuka from the south. Both are 
rocky hills of breccia underlain by carbonatite.



Plate 1 5 1 . The north east part of Nyakirangacha.
Engima is at the bottom right. The inner boundary 
of the Ekiojango Breccia is a discontinuous line of 
cliffs. The Ekiojango Carbonatite occurs behind 
them; the cliffs higher on the slope mark the 
outer boundary between carbonatite and breccia/''
The pyroclastics of Kinyathengo and Kurugitho'occur 
in the background.

Plate 1 3 2 . The south east part of Nyakirangacha.
Kinyamungu is in the foreground. The inner boundary 
of the Ekiojango Breccia is marked by cliffs. 
Kurugitho, Kithamweni and Erikende occur in the 
background.



Plate 1 5 3 • Engima from the north east, 
and Eriauruma are in the background. Muitherere

Plate 1 3 4 . The cliffs on Muitherere, which are 
thought to be fault scarps.
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t h e  a l l u v i u m  a t  s e v e r a l  p l a c e s .  The two s m a l l  h i l l s ,  Kinyamungu 

and Engima a r e  composed a lm o s t  e n t i r e l y  o f  c a r b o n a t i t e .  Kinyamungu 

i s  a  n o r t h - w e s t - s o u t h - e a s t  r i d g e ,  w h ich  j o i n s  t h e  s i d e  o f  

N y a k i r a n g a c h a  i n  t h e  s o u t h  w here  i t  r i s e s  t o  a b o u t  250 f t .  above  

t h e  v a l l e y  f l o o r ,  and  h a s  c l i f f s  on e a c h  s i d e  ( p l a t e  1 3 2 ) .  Engima 

i s  a  c o l l e c t i o n  o f  s e v e r a l  c a r b o n a t i t e  k n o b s  300 y a r d s  n o r t h  o f  

Kinyamungu, 150 f t .  h i g h  and  p r e c i p i t o u s  on a l l  s i d e s  ( p l a t e  1 3 3 ) .  

S e v e r a l  i s o l a t e d  e x p o s u r e s  o f  Kinyamungu C a r b o n a t i t e  and B r e c c i a  

poke  up t h r o u g h  t h e  a l l u v i u m  b e tw e e n  Kinyamungu and Engima, s o u t h  

o f  Kinyamungu and a t  t h e  b a s e s  o f  Kumuthua and  E r i a u r u m a .  At 

t h e s e  e x p o s u r e s ,  b r e c c i a  i s  i n t e r s p e r s e d  w i t h  c a r b o n a t i t e .  The 

f l o o r  o f  N y a lc i rang ach a  i s  l i t t e r e d  w i t h  l o o s e  b l o c k s  o f  b o t h .

The o n l y  o u t c r o p s  o f  t h e  Kinyamungu Group w h ich  a r e  away 

from t h e  v a l l e y  f l o o r  a r e  on E r i a u r u m a ,  a  r o c k y  h i l l  t h a t  c o n s i s t s  

o f  an  i n t i m a t e  m i x t u r e  o f  c a r b o n a t i t e  and  b r e c c i a  o f  b o t h  g r o u p s

2 .  DESCRIPTION OF THE ROCK TYPES.

A. THE SMALL CONESHEETS AND RADIAL DYKES.

W ith  a  few e x c e p t i o n s ,  t h e  c o n e s h e e t s  a r e  2 -  8 cm t h i c k

( p l a t e  1 3 5 ) ,  and  d ip  t o w a r d s  t h e  c e n t r e  o f  Rangwa a t  15° -  4 0 ^ ;

t h e  d y k e s  a r e  t h e  same t h i c k n e s s ,  and a r e  n o r m a l l y  r a d i a l  and  w i t h i n  

10° o f  t h e  v e r t i c a l .  The c o n e s h e e t s  o f t e n  f o l l o w  t h e  b a n d in g  and
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b e d d in g  p l a n e s  o f  t h e  p y r o c l a s t i c s ,  b u t  som e t im es  t h e y  a re  p a r t l y  

t r a n s g r e s s i v e , so  t h a t  t h e y  have  a  a i g z a g  a p p e a r a n c e  ( p l a t e  l p 6 ) .

The dyk es  a lw a y s  c u t  t h e  c o n e s h e e t s ,  b u t  a r e  n o t  so f r e q u e n t .  B o th  

u s u a l l y  o c c u r  s i n g l y ,  a l t h o u g h  on M u i t h e r e r e  and  I k i w a t h i ,  t h e r e  

a r e  swarms o f  c o n e s h e e t s ,  w h ic h  merge  and s p l i t  o v e r  s h o r t  d i s t a n c e s  

( p l a t e s  137 and  1 3 8 ) .  E x c e p t  on I k i w a t h i ,  where  t h e y  t e n d  t o  be

r a t h e r  t h i c k e r ,  and  one dyke can  be t r a c e d  f o r  o v e r  a  h u n d re d  y a r d s ,

t h e  c o n e s h e e t s  and  dyk es  c a n n o t  be  f o l l o w e d  from e x p o s u r e  t o  

e x p o s u r e .

On w e a t h e r e d  s u r f a c e s  t h e y  a r e  p a l e  g r e y  i n  c o n t r a s t  t o  t h e  

d a r k e r  p y r o c l a s t i c s  ( p l a t e  1 3 3 ) ,  b u t  w e a t h e r i n g  a f f e c t s  b o t h  o f  them 

a t  t h e  same r a t e .  I t  i s  o f t e n  p o s s i b l e  t o  s e e  t h a t  t h e y  a r e  

m u l t i p l e ,  and  l a t e r  o n es  t e n d  t o  o c c u r  i n  t h e  m id d le  o f  e a r l i e r  

o n e s ;  t h e r e  i s  one c a s e  o f  a  dyke t h a t  h a s  b e e n  e m p laced  i n  t h r e e  

s t a g e s .

(1 )  THE NORMAL TYPE.

The n o rm a l  t y p e  i n c l u d e s  t h e  whole  g ro u p  b u t  f o r  t h r e e  l a r g e  

r a d i a l  d y k es  on I k i w a t h i .  P e t r o l o g i c a l l y  t h e  c o n e s h e e t s  and  r a d i a l  

d y k e s  a r e  s i m i l a r ;  b o t h  a r e  composed o f  c a r b o n a t e  and n o n c r y s t a l l i n e  

brown m a t e r i a l .  The c a r b o n a t e  i s  a  m o sa ic  o f  c lo u d y  a n h e d r a l

c r y s t a l s ,  whose s i z e  v a r i e s  b e tw e e n  . 2  and  . 4  mm, and w h ich  s e ld o m

have p a r a l l e l  o r i e n t a t i o n  o r  show s t r a i n i n g .  I n  marked c o n t r a s t  t o  

t h e  E k io j a n g o  C a r b o n a t i t e ,  t h e  c l e a v a g e  p l a n e s  a r e  n o t  s e e n ,  and



Plate 1 3 5 . A carbonatite conesheet, w±th included 
fragments of agglomerate on Manganga.

%

Plate 1 3 6 . A carbonatite conesheet, partly- 
following the bedding of the Bedded Tuff on 
Manganga.



u

Plate 137* A radial carbonatite dyke cutting 
a carbonatite conesheet on Manganga.

I

Plate 1 3 8 . A radial carbonatite dyke cutting a 
carbonatite conesheet, which intrudes one of 
the large carbonatite dykes on Ikiwathi.



Plate 139* Small cross-cutting carbonatite 
dykes and conesheets on Ikiwathi*

Plate l4 o .  Breccia with a 
carbonatite matrix at the 
edge of a large carbonatite 
dyke on Ikiwathi.
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t w i n n i n g  i s  r a r e .

The amount o f  brown m a t e r i a l  v a r i e s  s y s t e m a t i c a l l y  which  

g i v e s  t h e  r o c k  a  b a n d e d  a p p e a r a n c e  i n  t h e  f i e l d  ( p l a t e  1 3 7 ) ,  where  

r o u g h  p a r a l l e l  s t r e a l c s  o f  brown and p a l e  g r e y  can  u s u a l l y  be s e e n .  

The brown m a t e r i a l  i s  p r e s e n t  e i t h e r  a s  r im s  ro u n d  c a r b o n a t e  

c r y s t a l s  (RF 2 8 , p l a t e  l 4 l ) ,  o r  a s  s m a l l  s c h l i e r e n  up t o  3 imn lo n g  

(RF 3 3 ,  p l a t e  1 4 2 ) .  S i n c e  m ost  o f  t h e  sp e c im e n s  a r e  f r e s h ,  and 

t h e  brown z o n e s  a r e  w e l l - d e f i n e d ,  i t  i s  u n l i k e l y  t h a t  t h e y  were  

c a u s e d  by w e a t h e r i n g .

A p a r t  from p a t c h e s  o f  f e l s p a t h i s e d  w a l l  r o c k ,  w h ich  w i l l  be  

d e s c r i b e d  p r e s e n t l y ,  and  t h e  o c c a s i o n a l  a p a t i t e  c r y s t a l ,  t h e  

c a r b o n a t e  c o n t a i n s  no o t h e r  r e c o g n i z a b l e  m i n e r a l s  o r  p s e u d o m o r p h s .

Specific gravity measurements on the purer specimens, most 

of which fall between 2.60 and 2.70, and staining with alizarin 

sulphonate did not reveal any carbonate other than calcite; so the 

rock type is alvikite.

T here  i s  no ch ange  i n  t e x t u r e  o r  c r y s t a l  s i z e  a t  t h e  m a r g i n s  

o f  t h e  dykes  o r  c o n e s h e e t s ,  and  t h e  r o c k  h a s  an ev en  t e x t u r e  r i g h t  

up t o  t h e  b o u n d a r i e s  b e tw e e n  t h e  p h a s e s  i n  t h e  m u l t i p l e  o n e s  

(RF 6 3 , p l a t e  1 4 3 ) .  The main  d i s t i n c t i o n  b e tw e e n  t h e  p h a s e s  i s  t h a t  

t h e  l a t e r  a r e  n o r m a l l y  l e s s  brown t h a n  t h e  e a r l i e r ,  a  f e a t u r e  shown 

by RF 6 3 , i n  w h ic h  a  b a n d e d  brown r o c k  w i t h  s l i g h t l y  s t r a i n e d  and  

o r i e n t a t e d  c a r b o n a t e  c r y s t a l s  i s  c u t  by p a l e r  c a r b o n a t e .  The 

b o u n d a ry  a p p e a r s  s h a r p  i n  hand s p e c im e n ,  b u t  i s  i n  f a c t  b l u r r e d  by
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t h e  g r o w th  o f  c a r b o n a t e  c r y s t a l s  a c r o s s  i t .

( 2 ) THE DYKES ON IKIWATHI.
• ]  .

On and  c l o s e  t o  I k i w a t h i ,  two u n u s u a l  v a r i e t i e s  o f  

c a r b o n a t i t e  o c c u r  a s  d y k e s .  One o f  them form s two v e r t i c a l  r a d i a l  

d yk es  n e a r  t h e  t o p  o f  I k i w a t h i .  B o th  have  v a r i a b l e  w i d t h s  w h ich  

may be  a s  much a s  100 y a r d s ,  and t h e y  c a n  be f o l l o w e d  f o r  s e v e r a l  

h u n d r e d  y a r d s .  They r u n  n o r t h - s o u t h ,  and  a r e  t r a c e a b l e  r i g h t  up 

t o  t h e  E k io j a n g o  B r e c c i a .  They c u t  some o f  t h e  s m a l l  c o n e s h e e t s  

and  a r e  c u t  by  b o t h  dykes  and  c o n e s h e e t s  ( p l a t e s  138 and 1 3 9 ) .

The w a l l  r o c k  i s  b r e c c i a t e d ,  and ,  i n  p l a c e s ,  f r a g m e n t s  o f  i t  a r e  

e n g u l f e d ,  b u t  t h e  dykes  t h e m s e l v e s  a r e  b r e c c i a t e d  c l o s e  t o  t h e  

E k io j a n g o  C a r b o n a t i t e  ( p l a t e  l 4 4 ) .  I n  t h e  f i e l d  t h e y  hâve  a  

" p o r p h y r i t i c "  a p p e a r a n c e  w i t h  l a r g e  w h i t e  c a r b o n a t e  c r y s t a l s  

p r o t r u d i n g  from a brown m a t r i x .  These  c r y s t a l s  a r e  up t o  13 mm 

l o n g ,  and a r e  a n h e d r a l ,  w i t h  r a g g e d  e d g e s ,  a s  i f  t h e y  a r e  p a r t l y  

a b s o r b e d  by t h e  m a t r i x  ( p l a t e  1 4 3 ) .  They a r e  s t r a i n e d  and show 

t w i n n i n g .  The m a t r i x  c o n s i s t s  o f  f i n e - g r a i n e d  c a r b o n a t e  o f t e n  

rimmed w i t h  brown m a t e r i a l  and  i s  s i m i l a r  t o  t h e  n o rm a l  t y p e .  B o th  

m a t r i x  and l a r g e  c r y s t a l s  were  p r o v e d  t o  be c a l c i t e  by s t a i n i n g  

w i t h  a l i z a r i n  s u l p h o n a t e .

The s e c o n d  v a r i e t y  i s  r e p r e s e n t e d  by one wide  v e r t i c a l  dyke ,  

w hich  can  be  t r a c e d  f o r  a  l i m i t e d  d i s t a n c e  be low  t h e  w e s t e r n  s l o p e s  

o f  I k i w a t h i .  I t  r u n s  n o r t h - w e s t - s o u t h - e a s t ,  and i s  r e s p o n s i b l e  f o r



Plate 141. Carbonate crystals rimmed by brown
material in a small carbonatite dyke. (RP28). x55

' - ‘V ,

liK. *

Plate 142. Carbonate crystals with schlieren of 
brown material from a carbonatite conesheet. 
( R P 3 3 ) .  x 8 3 .



Plate 143* Boundary between phases in a multiple 
carbonatite conesheets* The pale carbonate is 
intrusive into the dark. (RF6 5)* x2 5 .

Plate l44* Brecciated carbonatite dyke on Ikiwathi.
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Plate l43# Ragged large carbonate crystals 
surrounded by fine-grained carbonate from 
one of the large carbonatite dykes on Ikiwathi 
(RF314). x2 5 .

Plate l46. Euhedral brown-rimmed carbonate crystals, 
surrounded by fine-grained carbonate, from the 
carbonatite dyke west of Xkiwathi* (RF315)• x2$.
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t h e  o n l y  e x p o s u r e s  o f  r o c k  i n  t h e  gap  b e tw e e n  X k iw a th i  and I'-Ibuwi.

I t ,  t o o ,  i s  " p o r p h y r i t i c "  and  c o n t a i n s  l a r g e  c a r b o n a t e  c r y s t a l s ,  

some o f  them o v e r  20 mm l o n g ,  w h ic h  a r e  rimmed by d a r k  r e d - b r o w n  

b o r d e r s  o f  n o n c r y s t a l l i n e  m a t e r i a l  up t o  2 mm t h i c k  ( p l a t e  l 4 6 ) .  

S t a i n i n g  shows t h a t  t h e  l a r g e  c r y s t a l s  a r e  c a l c i t e ,  b u t  i t  i s  t h o u g h t  

t h a t  t h e y  have  b e e n  a l t e r e d  from c a r b o n a t e  c o n t a i n i n g  i r o n  o r  

magnesium w h ic h  h a s  a c c u m u l a t e d  r o u n d  t h e  e d g e s .  The m a t r i x  i s  

an  i n t e r g r o w t h  o f  c l e a r  c a r b o n a t e  c r y s t a l s  w i t h  an  a v e r a g e  g r a i n  

s i z e  o f  2 mm. Age r e l a t i o n s  o f  t h i s  dyke a r e  u n c l e a r ,  a s  i t  i s  

n o t  s e e n  i n  c o n j u n c t i o n  w i t h  any o t h e r  r o c k  t y p e .  The o n l y  o t h e r  

e x p o s u r e  o f  c a r b o n a t i t e  w i t h  s i m i l a r ,  t h o u g h  s m a l l e r ,  " p o r p h y r i t i c "  

c r y s t a l s  c o a t e d  w i t h  brown m a t e r i a l  t h a t  was found  o c c u r s  w i t h i n  

t h e  E k i o j a n g o  C a r b o n a t i t e ,  n o r t h  o f  Mwisoma.

(3 ) AXTEJRED WALL ROCK AND INCLUDED FRAGMENTS.

The c o n e s h e e t s  and  d y kes  have  a  n o t i c e a b l e  e f f e c t  on t h e  

a g g l o m e r a t e  and  t u f f  i n t o  w h ich  t h e y  w ere  i n t r u d e d .  The a l t e r a t i o n  

t a k e s  t h e  form o f  i n t e n s e  f e l s p a t h i s a t i o n  combined  w i t h  i n d i s c r i m i n a t e  

s p r e a d i n g  o f  amorphous brown m a t e r i a l .  D e s p i t e  t h e  p r e v i o u s  

f e l s p a t h i s a t i o n  and c a r b o n a t i o n  o f  t h e  p y r o c l a s t i c s , t h e  t e x t u r e s  

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

a l t e r a t i o n  d e s t r o y s  them .

N o rm a l ly  f e l s p a t h i s a t i o n  a f f e c t s  t h e  w a l l  r o c k  up t o  30 mm 

away from t h e  c a r b o n a t i t e .  The n e a r e s t  few m i l l i m e t r e s  a r e  c o n v e r t e d
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t o  a  r o c k  t h a t  c o n t a i n s  o v e r  80% f e l s p a r ,  a s  w e l l  as  some brown 

m a t e r i a l ;  f u r t h e r  f rom t h e  c a r b o n a t i t e ,  t h e  p a t c h e s  o f  brown 

m a t e r i a l  become more p r o m i n e n t ,  u n t i l  t h e y  a r e  i d e n t i f i a b l e  a s  

a c t u a l  f r a g m e n t s  i n  t h e  a g g l o m e r a t e  o r  t u f f  (HF 40 ,  RF 44 ,  RF 1 2 0 ,  

p l a t e  1 4 7 ) .  F r a g m e n t s  o f  w a l l  r o c k  w i t h i n  t h e  c a r b o n a t i t e  n o r m a l l y  

s u f f e r  t h e  same t r e a t m e n t ,  and  become e n t i r e l y  f e l s p a t h i s e d .  T h e i r  

e d g e s  become r a g g e d  and  i n d e t e r m i n a t e ,  and  i t  i s  i m p o s s i b l e  t o  

i d e n t i f y  any  pseud o m o rph s  (RF 4 4 ) .  O c c a s i o n a l l y ,  f r a g m e n t s  become 

c a r b o n a t e d .

The f e l s p a t h i s e d  p y r o c l a s t i c s  a r e  i n v a d e d  by a  n e tw o r k  o f  

c r o s s c u t t i n g  v e i s n  o f  f e l s p a r  w h ic h ,  i n  t u r n ,  a r e  c u t  and  d i s p l a c e d  

by  c a r b o n a t e  v e i n s  (RF 4 0 ,  p l a t e  l 4 8 ) .  S i n c e  t h e  v e i n s  o f  f e l s p a r  

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

m ust  have  b e e n  c a u s e d  d i r e c t l y  by t h e  c a r b o n a t i t e  a t  an  e a r l i e r  

s t a g e  t h a n  t h e  v e i n s .

G e n e r a l l y ,  a  t h i n  b a n d  o f  c a r b o n a t e ,  . 3  mm w id e ,  and  t h e  

t h i c k n e s s  o f  one c r y s t a l ,  r u n s  b e tw e e n  t h e  w a l l  r o c k  and t h e  

c a r b o n a t i t e .  I t  d o e s  n o t  f o l l o w  t h e  b o u n d a ry  e x a c t l y ,  b u t  s t r a y s  

i n d i s c r i m i n a t e l y  f o r  up t o  2 mm on e i t h e r  s i d e  o f  i t .  I t  i s  

p r e s u m a b ly  a  l a t e  f e a t u r e  u n r e l a t e d  t o  t h e  emplacem ent  o f  t h e  

c a r b o n a t i t e .

The f e l s p a r  t h a t  fo rm s  i s  u n i f o r m ,  f i n e - g r a i n e d  m a t e r i a l ;  

i t  i s  b a r e l y  c r y s t a l l i n e ,  and  e x t i n g u i s h e s  p a t c h i l y .  I t  h a s  b e e n  

shown by s t a i n i n g  t o  c o n t a i n  p o t a s h  and  i t s  x - r a y  d i f f r a c t i o n  p a t t e r n



Plate 14-7. The contact at the edge of a
carbonatite conesheet. The t-exture of the wall
rock has been destroyed; the white material in 
it is fine-grained felspar. (RF44). x80.

Plate 148. Veins of fine-grained felspar, cut by 
vein of carbonate near the ôdge of a carbonatite 
conesheet (under crossed polarisers). (RP40). x80
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is that of orthoclase, with, occasionally, lesser amounts of 

microcline. Sometimes it encloses tiny colourless needles of high 

relief which are thought to be pyroxene.

The importance of the alteration caused by the small 

carbonatite intrusions is that all stages in the process are shown. 

In the breccias caused by the central carbonatites, only the end 

product exists, and it is analogous to the rocks nearest to the 

dykes and conesheets.

Be THE EKIOJANGO CARBONATITE AND BRECCIA.

The carbonatites and, to a lesser extent, the breccias of 

this group can generally be distinguished easily from those of 

nearby exposures of the Kinyamungu Group. However, to the west of 

Nyakirangacha a gradation exists between the two groups. Parts of 

the carbonatite on Eriauruma are petrographically similar to the 

typical Ekiojango Carbonatite, but these grade into carbonatite 

of Kinyamungu type which contains fragments of Ekiojango carbonatite. 

The gradational boundary is unmappable here, but the proportion 

of Ekiojango carbonatite increases outwards and towards the top; 

the accompanying breccia varies in the same way, and it is impossible 

to tell to which type much of the breccia on Muitherere and Kumuthua 

belongs.

( 1 )  CAHBOHATITB.

The Ekiojango Carbonatite as it normally occupies lower ground
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t h a n  t h e  b r e c c i a  on e i t h e r  s i d e  o f  i t ,  i s  p o o r l y  e x p o se d ,  and 

c o v e r e d  w i t h  s o i l .  C a r b o n a t i t e  was n e v e r  foun d  i n  s i t u  on Mwisasu 

b u t  i s  r e p r e s e n t e d  by a  few b o u l d e r s  from t h e  u n d e r g r o w th  b e n e a t h  

t h e  b r e c c i a  c l i f f s .  B e c a u se  o f  t h e  l a r g e  amount o f  b r e c c i a t i o n  on 

Mwisasu,  a  c a r b o n a t i t e  mass p r o b a b l y  e x t e n d s  u n d e r  t h e  h i l l .

The c a r b o n a t i t e  i s  w h i t e  o r  y e l l o w  an d ,  where  i t  i s  e x p o s e d ,  

i t  i s  u n w e a t h e r e d .  A ro u g h  b a n d in g  i s  o f t e n  s e e n ,  b u t  t h e  f a c t  

t h a t  i t  c h a n g e s  i t s  d i r e c t i o n  o v e r  s h o r t  d i s t a n c e s  g i v e s  t h e  r o c k  

a  b r e c c i a t e d  a p p e a r a n c e .  The b a n d in g  c o n s i s t s  o f  s t r e a k s  o f  

o r i e n t a t e d  c r y s t a l s ,  p a r t i c u l a r l y  m ic a  and  som e t im es  a p a t i t e ,  

n o r m a l l y  a c c o m p a n ie d  by d i s s e m i n a t e d  brown m a t e r i a l  ( p l a t e  1 4 9 ) .

The c a r b o n a t i t e  c o n t a i n s  v a r y i n g  p r o p o r t i o n s  o f  a n g u l a r  f e l s p a t h i s e d  

f r a g m e n t s  ( p l a t e  1 3 0 ) .

In  t h i n  s e c t i o n ,  t h e  c a r b o n a t i t e  i s  s e e n  t o  be composed 

p r e d o m i n a n t l y  o f  l a r g e  c r y s t a l s  o f  c a r b o n a t e ,  w h ich  c a n  be up t o  73 

mm lo n g  (RF 283)  b u t  have  a n  a v e r a g e  l e n g t h  o f  3 mm and a r e  c l e a r ,  

a n h e d r a l  and  h i g h l y  c l e a v e d .  Many o f  t h e  c r y s t a l s  show p o l y s y n t h e t i c  

t w i n n i n g .  They a r e  se ld o m  s t r a i n e d ,  b u t  some i n d i v i d u a l  c r y s t a l s  

a r e  s t r a i n e d  so t h a t  t h e  e x t i n c t i o n  t a k e s  up t o  20° t o  move a c r o s s  

them (RF 2 3 3 ) ,  o r  l a r g e  c r y s t a l s  a r e  b r o k e n  i n t o  p i e c e s  by t w i s t i n g  

(RF 1 9 9 ) .  T h is  c o a r s e  c l e a r  c a r b o n a t e  composes f rom 60% to  90% o f  

most  o f  t h e  sp e c im e n s  t h a t  were  e x am in ed .

Some f i n e - g r a i n e d  c a r b o n a t e ,  w i t h  a  g r a i n  s i z e  o f  up t o  . 3  mm, 

o c c u r s  i n  v a r y i n g  q u a n t i t i e s  b e tw e e n  t h e  l a r g e  c r y s t a l s  and i n  s m a l l



&

Plate 149* Banding in the Ekiojango Carbonatite, 
east of Nyakirangacha*

Plate 1 3 0 . Ekiojango Carbonatite with partly 
absorbed felspathised fragments, from east of 
Nyakirangacha*
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v e i n s  c u t t i n g  them (HF 199 and  RF 283 ,  p l a t e  1 3 1 ) .  I t  forms 

i n t e r g r o w t h s  o f  c l o u d y  a n h e d r a l  c r y s t a l s  w h ich  n o r m a l ly  occupy  

c o n t i n u o u s  v e i n s  o r  s t r e a k s ,  and i s  t h e r e f o r e  t h o u g h t  t o  be m a i n l y  

i n t r u s i v e  i n t o  t h e  c o a r s e  c a r b o n a t e .  However, t h e  c o a r s e  m a t e r i a l  

i s  so m e t im es  p a r t l y  r e p l a c e d  by t h e  f i n e  (RF 232 and RF 2 9 6 ) .

H os t  o f  RF 296  c o n s i s t s  o f  v e r y  f i n e - g r a i n e d  c a r b o n a t e  w i t h  a  g r a i n  

s i z e  o f  o n l y  .0 3  mm, b u t  t h e r e  a r e  g r o u p s  o f  l a r g e  c r y s t a l s ,  whose 

b o u n d a r i e s  a g a i n s t  e a c h  o t h e r  a r e  c l e a n ,  th o u g h  t h e i r  o u t e r  

b o u n d a r i e s  a r e  c o r r o d e d  and i n d e n t e d  by e n g u l f i n g  f i n e - g r a i n e d  

c a r b o n a t e .  The f i n e - g r a i n e d  m a t e r i a l  i s  a r r a n g e d  i n  su c h  a  way 

t h a t  t h e r e  a r e  p a r a l l e l  l i n e s  o f  c r y s t a l s  w h ich  show s i m i l a r  

e x t i n c t i o n .  I n  hand  s p e c im e n ,  t h e  w hole  r o c k  a p p e a r s  t o  be  c o a r s e

g r a i n e d ,  and  i t  seems t h a t  t h e  p a r a l l e l  o r i e n t a t i o n s  o f  t h e  s m a l l

c r y s t a l s  a r e  a  r e l i c  f e a t u r e  o f  r e p l a c e d  l a r g e  o n e s .

Once (RF 314 ,  p l a t e  132)  s u b h e d r a l  c r y s t a l s  o f  c l e a r  c a l c i t e

w i t h  r e d - b r o w n  r i m s  o c c u r  i n  a  f i n e r - g r a i n e d  g r o u n d  m ass .  A l th o u g h  

s m a l l e r ,  t h e y  a r e  s i m i l a r  t o  t h e  o n e s  i n  t h e  l a r g e  c a r b o n a t i t e  

dyke w e s t  o f  I k i w a t h i .

B o th  s p e c i f i c  g r a v i t y  m e a s u r e m e n ts  and  s t a i n i n g  show t h a t  

most  o f  t h e  c a r b o n a t e  i s  c a l c i t e  i n  a l l  t h e  E k io j a n g o  C a r b o n a t i t e ,  

and t h e  r o c k  c a n  p r o p e r l y  be  c a l l e d  s o v i t e .

Of t h e  o t h e r  m i n e r a l s  i n  t h e  E k io j a n g o  C a r b o n a t i t e ,  a p a t i t e  

i s  u b i q u i t o u s  and  i s  fo rm ed i n  two g e n e r a t i o n s .  The f i r s t  g e n e r a t i o n  

c r y s t a l l i z e d  e a r l i e r  t h a n  t h e  c a r b o n a t e ,  and i s  o f t e n  p o i k i l i t i c a l l y



Plate 1 5 1 • Fine-grained carbonate between
large crystals of carbonate in the Ekiojango 
Carbonatite. (RFI9 9). x25.

mam.
Plate 1 5 2 . Brown—coated subhedral carbonate drystals

in a matrix of finer carbonate from the Ekiojango 
Carbonatite. (RF314). x25.
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e n c l o s e d  by i t .  The c r y s t a l s  a r e  b e tw e e n  . 1  and  . 4  mm l o n g ,  and 

a r e  c l e a r ,  w i t h o u t  i n c l u s i o n s .  B o th  t h e  l e n g t h  and c r o s s  s e c t i o n s  

o c c u r  c h a r a c t e r i s t i c a l l y  a s  o v a l s ,  and  f r e q u e n t l y  t h o s e  n e a r  t o  

e a c h  o t h e r  hav e  t h e  same o r i e n t a t i o n  (RF 243 and RF 283 ,  p l a t e  133)* 

The amount o f  e a r l y  a p a t i t e  i s  se ld o m  g r e a t ,  and RF 243 which  

c o n t a i n s  3% o f  i t ,  i s  an  e x c e p t i o n .  The se c o n d  g e n e r a t i o n  o f  

a p a t i t e  i s  e q u a l l y  w i d e s p r e a d ,  b u t  i t s  h a b i t  i s  d i f f e r e n t ;  i t  

fo rm ed  l a t e ,  and a lw a y s  o c c u r s  i n t e r s t i t i a l l y  i n  g r o u p s  o f  c r y s t a l s  

o r  i r r e g u l a r  v e i n s .  The c r y s t a l s  a r e  s u b h e d r a l ,  and n e a r l y  a lw a y s  

have  s t r a i g h t  e d g e s  w i t h  e a c h  o t h e r  (RF 246 ,  p l a t e  1 3 4 ) .  They a r e  

up t o  1 mm l o n g ,  and most  o f  them have  p a r a l l e l  l i n e s  o f  s m a l l  

i n c l u s i o n s  w h ich  a r e  n o r m a l l y  brown and n o n c r y s t a l l i n e .  RF 283 

w h ich  i n c l u d e s  n e a r l y  10% o f  t h e  l a t e  a p a t i t e ,  c o n t a i n s  e a r l y  a p a t i t e  

a l s o .

P h l o g o p i t e  i s  fo u nd  w i d e l y  i n  t h e  g r o u p ,  and i s  r e c o g n i z a b l e  

i n  t h e  f i e l d ,  s i n c e  i t  c a u s e s  t h e  b a n d i n g .  However,  t h e  c r y s t a l s  

a r e  v e r y  a l t e r e d ,  a s  t h e y  n o r m a l l y  ha ve  r a g g e d  e d g e s ,  and t h e i r  

c l e a v a g e  p l a n e s  a r e  b e n t  ( p l a t e  1 3 3 ) .  They a r e  p a l e  brown o r  a l m o s t  

c o l o u r l e s s ,  and  show l i t t l e  p l e o c h r o i s m .  The a x i a l  a n g l e  i s  v e r y  

s m a l l .  A l th o u g h  o c c u r r i n g  i n  d i s t i n c t  b a n d s ,  t h e  c r y s t a l s  o f  

p h l o g o p i t e  l a c k  any  p r e f e r r e d  d i r e c t i o n  o f  o r i e n t a t i o n .

Som etim es  p y r o x e n e  c r y s t a l s  o r  pseudom orphs  o c c u r  c l o s e l y  

a s s o c i a t e d  w i t h  t h e  p h l o g o p i t e .  I n  RF 246 ,  t h e r e  a r e  s u b h e d r a l  

r e l i c s  o f  p y r o x e n e s  up t o  1 mm l o n g  w h ich  show c h a r a c t e r i s t i c



m

Plate 153* Rounded apatite crystal in the 
Ekiojango Carbonatite* (RF243)• xl55*

Plate 1 3 4 . Subhedral apatite crystals from a 
vein in the Ekiojango Carbonatite. (RF246) X I 3 5 .



Plate 1 5 5 . Phlogopite crystal with bent cleavage 
flakes in the Ekiojango Carbonatite. A rounded 
apatite crystal occurs at the top of the picture. 
(RF243). x35.

Plate 1 3 6 . Pseudomorph, possibly after pyroxene, 
in the Ekiojango Carbonatite. (RF2 3 1 )• x35*
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c l e a v a g e ,  b u t  a r e  a l t e r e d  a lm o s t  e n t i r e l y  t o  s m a l l  c a r b o n a t e  

c r y s t a l s  and  brown m a t e r i a l .  The p y r o x e n e s  n e v e r  s u r v i v e  c o m p l e t e l y  

u n a l t e r e d ,  b u t  f rom  t h e  e v i d e n c e  o f  e x t i n c t i o n  a n g l e s  o f  u n a l t e r e d  

p a t c h e s ,  i t  i s  t h o u g h t  t h a t  t h e y  o r i g i n a t e d  a s  a e g i r i n e - a u g i t e .  

U s u a l l y  t h e  a l t e r a t i o n  i s  c a r r i e d  so f a r  t h a t  none o f  t h e  o r i g i n a l  

p y r o x e n e  s u r v i v e s ,  and  t h e r e  a r e  some pseudom orphs  w hich  d e f y  

i d e n t i f i c a t i o n  ( p l a t e  I 3 6 ) .

P y r o c h l o r e  i s  an  o c c a s i o n a l  c o n s t i t u e n t  (RF 3 1 2 ,  RF 313 ,  

p l a t e  1 3 7 ) .  I t s  c r y s t a l s  a r e  se ldom  l o n g e r  t h a n  . 3  mm, and a r e  

e u h e d r a l - s u b h e d r a l ,  show ing  t h e  c u b ic  o r  o c t a h e d r a l  fo rm ,  o r  b o t h .  

They a r e  m o t t l e d  and p a l e  brown and hav e  v e r y  h i g h  r e l i e f .  The 

d i s t r i b u t i o n  o f  p y r o c h l o r e  i s  s p o r a d i c ,  and d o es  n o t  seem t o  d e p end  

on t h a t  o f  any  o t h e r  m i n e r a l ,  o r  on any s p e c i a l  f e a t u r e  i n  t h e  

c a r b o n a t i t e .

M a g n e t i t e  was n e v e r  f o u n d ,  a l t h o u g h  l i m o n i t e  p seudom orphs  

a f t e r  m a g n e t i t e  do o c c u r .

F e l s p a r s  s i m i l a r  t o  t h o s e  a s s o c i a t e d  w i t h  t h e  s m a l l  dykes  

and  c o n e s h e e t s  o c c u r  b o t h  i n  d i s t i n c t  p a t c h e s  o r  i n c l u s i o n s  i n  t h e  

c a r b o n a t i t e ,  and  i n  s m a l l  v e i n s .  The fo r m e r  may be  o f  any s i z e  and  

c o n s i s t  o f  an  i n t e r g r o w t h  o f  t i n y  c r y s t a l s  combined w i t h  much brown 

m a t e r i a l .  I n  t h e i r  c o m p o s i t i o n  and  l a c k  o f  t e x t u r e ,  t h e s e  p a t c h e s  

b e a r  a  m arked  r e s e m b l a n c e  t o  much o f  t h e  f r a g m e n t a l  m a t e r i a l  i n  t h e  

E k io j a n g o  B r e c c i a ,  and  t h e y  a r e  c o n s i d e r e d  t o  be a l t e r e d  f r a g m e n t s  

e n g u l f e d  by  t h e  c a r b o n a t i t e .  S i n g l e  z on ed  f e l s p a r s  o c c u r  a l s o
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Plate 157* Pyrochlore crystal from the Ekiojango 
Carbonatite. (RP312). xl53«

m.

$

Plate 1 3 8 . Zoned felspar crystal from the Ekiojango 
Carbonatite. (RF243)• xl35*
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(RF 2 4 3 ) .  The s m a l l  v e i n s  o f  f e l s p a r  fo rm ed  l a t e  and  i n t r u d e  t h e  

c a r b o n a t e .

(2 )  BRECCIA.

The E k io j a n g o  B r e c c i a  h a s  a  s i m i l a r  r e l a t i o n s h i p  w i t h  t h e  

E k io j a n g o  C a r b o n a t i t e  a s  t h e  a l t e r e d  w a l l  r o c k  h a s  to  t h e  s m a l l  

c a r b o n a t i t e  d y k e s  and  c o n e s h e e t s .  I t  c o n s i s t s  o f  f r a g m e n t s  w h ich  

have  n o r m a l l y  b e e n  a l t e r e d  be yond  a l l  r e c o g n i t i o n  by t h e  a c t i o n  o f  

t h e  c a r b o n a t i t e  and  t h e y  a r e  so m e t im es  s u r r o u n d e d  by c a r b o n a t e  o r  

f e l s p a r .

I n  t h e  f i e l d ,  d i f f e r e n t i a l  w e a t h e r i n g  shows t h a t  t h e  b r e c c i a  

c o n s i s t s  o f  a  h a p h a z a r d  mass o f  c l o s e l y  p a c k e d  a n g u l a r  f r a g m e n t s .  

They a r e  o f t e n  e l o n g a t e d  and  c h i p - s h a p e d ;  t h e i r  s i z e  i s  v a r i a b l e ,  

b u t  t h e y  a r e  n o r m a l l y  l e s s  t h a n  20 cm i n  l e n g t h .  T here  i s  no 

o r i e n t a t i o n  o r  s o r t i n g  by f r a g m e n t  s i z e .  V a r i a b l e  q u a n t i t i e s  o f  

c o a r s e  w h i t e  c a r b o n a t e  a r e  p r e s e n t  a s  t o n g u e s  b e tw e e n  some o f  t h e  

f r a g m e n t s .  A d i a g n o s t i c  f e a t u r e  o f  t h e  b r e c c i a  i n  t h e  f i e l d  i s  

t h a t  even  where  t h e  b o u n d a r i e s  b e tw e e n  t h e  o t h e r  f r a g m e n t s  a r e  

u n c l e a r ,  a n g u l a r  p i e c e s  o f  c a r b o n a t i t e  s i m i l a r  t o  t h a t  o f  t h e  d y kes  

and c o n e s h e e t s  a r e  p r e s e n t ,  ( p l a t e  l 4 4 ) .

The f a c t  t h a t  most  o f  t h e  f r a g m e n t s  a r e  h i g h l y  a l t e r e d  g i v e s  

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

An a t t e m p t  h a s  b e e n  made t o  d e s c r i b e  i t  i n  t e r m s  o f  f r a g m e n t s

and  i n t e r s t i t i a l  m a t e r i a l  b u t  much o f  t h e  r o c k  i s  an o b s c u r e  m i x t u r e
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o f  f e l s p a r s ,  c a r b o n a t e  and  brown m a t e r i a l ,  w hich  i t  i s  i m p o s s i b l e  

t o  s u b d i v i d e .

( a )  FRAGMENTS.

B e c a u s e  o f  t h e  i n t e n s e  a l t e r a t i o n ,  i t  i s  n e c e s s a r y  t o  u s e  

r a t h e r  i n d i r e c t  m e th o d s  t o  e s t a b l i s h  what  t h e  f r a g m e n t s  were  b e f o r e  

b r e c c i a t i o n .  S i n c e  t h e  b o u n d a ry  o f  t h e  b r e c c i a t i o n  i s  g r a d a t i o n a l ,  

t h e  r o c k s  i n t o  w h ich  t h e  b r e c c i a  g r a d e s ,  b o t h  o u tw a rd s  and u p w a rd s ,  

c a n  be  s e e n .  Round i t s  o u t e r  e d g e ,  t h e  b r e c c i a  m erg es  i n t o  

s h a t t e r e d  p y r o c l a s t i c s ,  w h ic h  a r e  g e n e r a l l y  v e r y  w e a t h e r e d .  F a r  

more r e v e a l i n g  a r e  t h e  o u t c r o p s  o f  a l t e r e d  t u f f  on t o p  o f  t h e  

c a r b o n a t i t e  on Mwisasu,  and  t h e  " is land** o f  t u f f  t h a t  c o v e r s  some 

o f  t h e  b r e c c i a  n o r t h  o f  E r i k e n d e .  The t u f f  on Mwisasu h a s  b e e n  

c a r b o n a t e d ;  t h e  r o c k  i s  g r e y ,  and  s t i l l  r e t a i n s  t h e  a p p e a r a n c e  o f  

t h e  Banded T u f f  (RF 2 0 8 ) ,  b u t  much o f  i t s  t e x t u r e  h a s  b e en  d e s t r o y e d  

by  t h e  i n v a s i o n  o f  c a r b o n a t e .  T h i s  a c c o u n t s  f o r  t h e  h i g h  c a r b o n a t e  

v a l u e  o b t a i n e d  from RF 208 ,  w h ich  c o n t a i n s  6 3 . 83% c a l c i u m  c a r b o n a t e ,  

o v e r  t w i c e  t h e  a v e r a g e  f o r  t h e  T u f f  G roup .  The a l t e r a t i o n  s u f f e r e d  

by t h e  t u f f  on t h e  ** is land’* h a s  b e e n  d i f f e r e n t ,  a s  t h e r e  h a s  b e e n  

f e l s p a t h i s a t i o n  r a t h e r  t h a n  c a r b o n a t i o n ,  and t h e  p r o c e s s  i s  

g r a d a t i o n a l .  Some o f  t h e  t u f f s  a r e  c o m p a r a t i v e l y  u n a l t e r e d ,  and  

s t i l l  r e t a i n  t h e i r  b a n d in g  (RF 2 7 0 ) ,  a l t h o u g h  t h e  d i r e c t i o n  o f  d i p  

may have  b e e n  c h a n g e d .  However,  i n  most  o f  i t  (RF 263 , p l a t e  I 6 0 ) ,  

t h e  b a n d in g  h a s  b e e n  d e s t r o y e d ,  t h e  r o c k  h a s  b e e n  i n v a d e d  by v e i n s



Plate 159» Partly felspathised pyroclastics from 
the Ekiojango Breccia. The pale material is 
very fine-grained felspar. (RF2 6 5)• x53

h

Plate 1 6 0. Partly felspathised agglomerate blobs 
from the Ekiojango Breccia. The pale material 
is very fine-grained felspar. (RP249). xl53*
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o f  f e l s p a r s ,  and  t h e  f r a g m e n t s  have  b e e n  c o n v e r t e d  t o  p a t c h e s  o f  

f e l s p a r s  some o f  w h ich  a r e  d i s t i n c t  and some d i f f u s e .  Also  much 

o f  t h e  m a t r i x  h a s  b e e n  t u r n e d  to  opaque  brown m a t e r i a l .

As t h i s  t r a n s i t i o n  from n o rm a l  p y r o c l a s t i c s  t o  b r e c c i a t e d  

and a l t e r e d  f r a g m e n t s  i n  t h e  E k io j a n g o  B r e c c i a  i s  s e e n  t o  t a k e  

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

o f  h i g h l y  a l t e r e d  f r a g m e n t s  o f  p y r o c l a s t i c s .  A few f r a g m e n t s  show 

r e l i c  t e x t u r e  from e i t h e r  a g g l o m e r a t e  o r  t u f f ;  RF 249 i s  t y p i c a l  

o f  t h e s e .  I n  hand  s p e c im e n ,  i t  a p p e a r s  t o  be composed o f  

homogeneous f i n e - g r a i n e d  brown m a t e r i a l ,  b u t  t h e  t h i n  s e c t i o n  shows 

i t  t o  c o n s i s t  o f  a n g u l a r  f r a g m e n t s  and  w i t h i n  them i t  i s  p o s s i b l e  

t o  t r a c e  t h e  b o u n d a r i e s  o f  s m a l l e r  r o u n d e d  f r a g m e n t s  ( p l a t e  l 6 o ) .

The m a t e r i a l  on e i t h e r  s i d e  o f  t h e  b o u n d a r i e s  i s  so  h e a v i l y  

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

t h e  b o u n d a r i e s .  The s m a l l  r o u n d e d  f r a g m e n t s  a r e  t h o u g h t  t o  be  

d e r i v e d  from t h e  a g g l o m e r a t e ,  t h o u g h  t h e  t y p i c a l  f lo w  s t r u c t u r e s  

and  p seudom orphs  do n o t  s u r v i v e .  The f r a g m e n t s  c o n s i s t  o f  o v e r  70% 

f i n e - g r a i n e d  f e l s p a r  and  t h e  r e m a i n d e r  i s  composed o f  d i s p e r s e d  

n o n c r y s t a l l i n e  brown m a t e r i a l ,  w i t h  a  few c r y s t a l s  o f  t u r o i d  

c a r b o n a t e  and  a  l i t t l e  a p a t i t e .

O c c a s i o n a l l y ,  p l u t o n i c  f r a g m e n t s  s u r v i v e  l i t t l e  a l t e r e d  f rom  

t h e  a g g l o m e r a t e .  On E r i a u r u m a ,  f r a g m e n t s  o f  m e l a n i t e  i j o l i t e  w i t h  

b e a u t i f u l l y  zo ned  m e l a n i t e s  and  f e l s p a r  r o c k  w hich  c o n t a i n s  o v e r  90% 

s u b h e d r a l  o r t h o c l a s e  and  i s  s i m i l a r  t o  t h e  f e l s p a r  r o c k  from Kialio
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t h a t  was d e s c r i b e d  i n  C h a p te r  VI o c c u r  c l o s e  t o  t h e  b o u n d a ry  w i t h  

t h e  Lower A g g l o m e r a t e .

The most  common s o r t  o f  f r a g m e n t  i s  c a r b o n a t i t e ,  w i t h  

v a r y i n g  d e g r e e s  o f  p u r i t y  and  g r a i n - s i z e .  S i n c e  f e l s p a t h i s a t i o n  

i s  t h e  d o m in an t  form o f  a l t e r a t i o n  i n  t h e  E k io j a n g o  B r e c c i a ,  i t  i s  

t h o u g h t  t h a t  most  o f  them a r e  o r i g i n a l  c a r b o n a t i t e  r a t h e r  t h a n  

c a r b o n a t e d  a g g l o m e r a t e .  Some a r e  f r a g m e n t s  o f  t h e  s m a l l  dykes  o f  

b o t h  t h e  n o r m a l  and  I k i w a t h i  t y p e s ,  and  some a r e  f r a g m e n t s  o f  

E k i o j a n g o  C a r b o n a t i t e ,  w h ich  shows t h e  c l o s e  r e l a t i o n s h i p  b e tw e e n  

t h e  c a r b o n a t i t e  and  t h e  b r e c c i a ,  a s  t h e  c a r b o n a t i t e  i t s e l f  i s  

n o r m a l l y  b r e c c i a t e d .  A lso  t h e r e  a r e  f r a g m e n t s  o f  c a r b o n a t i t e  o f  

t y p e s  u n r e p r e s e n t e d  e l s e w h e r e  on Rangwa. The r e c o g n i z a b l e  f r a g m e n t s  

o f  s m a l l  d y k e s  and c o n e s h e e t s  a r e  composed o f  n o rm a l  f i n e - g r a i n e d  

c lo u d y  c a r b o n a t e ,  w i t h  o r i e n t a t e d  s t r e a k s  o f  brown m a t e r i a l  (RF 2 2 3 ) .  

Very few u n d i s t u r b e d  c a r b o n a t i t e  dykes  o r  c o n e s h e e t s  c u t  t h e  b r e c c i a ,  

and  any t h a t  do a r e  o f  t h e  d a r k  r e d - b r o w n  t y p e  d e s c r i b e d  w i t h  t h e  

Kinyamungu G roup .  S i n c e  m ost  o f  t h e  E k i o j a n g o  C a r b o n a t i t e  i s  

b r e c c i a t e d ,  t h e  d i s t i n c t i o n  b e tw e e n  t h e  b r e c c i a  and  c a r b o n a t i t e  

d e p en d s  on t h e  p r o p o r t i o n  o f  c o a r s e  c a r b o n a t i t e  p r e s e n t  i n  t h e  r o c k ,  

b u t  f r a g m e n t s  o f  E k io j a n g o  C a r b o n a t i t e  f r e q u e n t l y  o c c u r  i n  t h e  

b r e c c i a  a t  a  d i s t a n c e  from m ain  a r e a s  o f  c a r b o n a t i t e .  The c l i f f s  

b e lo w  K u r u g i t h o  c o n t a i n  b o u l d e r s  o f  E k io j a n g o  C a r b o n a t i t e  s e t  i n  

b r e c c i a  (RF 2 8 3 ) .  The l a r g e  c r y s t a l s  o f  c a r b o n a t e  som e t im es  s u r v i v e ,  

b u t  n o r m a l l y  (RF 3 0 1 ) ,  what  a p p e a r  t o  be  l a r g e  c r y s t a l s  i n  hand
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s p e c im e n ,  a r e  i n  f a c t ,  i n t e r g r o w t h s  o f  v e r y  s m a l l  o n e s ,  and t h e  

o u t l i n e s  o f  t h e  o r i g i n a l  l a r g e  c r y s t a l s  s u r v i v e  a s  t h i n  brown l i n e s .  

S e v e r a l  f r a g m e n t s  o f  c a r b o n a t i t e  were  found  c o n t a i n i n g  up t o  20% 

a p a t i t e  (RF 2 4 5 .  The r o c k  i s  a  c o a r s e  c l e a r  c a r b o n a t i t e ,  and 

r o u n d e d  c r y s t a l s  o f  a p a t i t e  a r e  e n c l o s e d  by t h e  c a r b o n a t e .  The 

r o c k  t y p e  i s  b r o a d l y  s i m i l a r  to  t h e  E k io j a n g o  C a r b o n a t i t e ,  b u t  none 

was fo un d  c o n t a i n i n g  so much a p a t i t e .

As w e l l  a s  t h e  f r a g m e n t s  o f  p y r o c l a s t i c s  and  c a r b o n a t i t e ,  

some new m a t e r i a l ,  n o t  r e p r e s e n t e d  e l s e w h e r e  on Rangwa, was f o u n d  

i n  t h e  b r e c c i a .  The o c c u r r e n c e  o f  t h i s  i s  w i d e s p r e a d ,  and i t  

e x i s t s  b o t h  a l t e r e d  and  u n a l t e r e d .  A l th o u g h  i t  i s  i t s e l f  f r a g m e n t a l ,  

i t  n o r m a l l y  o c c u r s  w i t h i n  d i s t i n c t  f r a g m e n t s .  The p r e d o m i n a n t  

m i n e r a l s  a r e  b i o t i t e ,  p y r o x e n e  ( u s u a l l y  a e g i r i n e - a u g i t e  w i t h  a  

maximum e x t i n c t i o n  a n g l e  o f  3 8 ° ) ,  and  n e p h e l i n e  o r  p seudom orphs  

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

p e r o v s k i t e  and p y r o c h l o r e .  I n  i t s  m ost  s t r i k i n g  form ,  t h e  m a t e r i a l  

c o n s i s t s  o f  l a r g e  c r y s t a l s  o r  p s e u d o m o rp h s ,  s u r r o u n d e d  by s k i n s  

o f  f i n e - g r a i n e d  m a t t e r  (RF 253 and RF 292 ,  p l a t e s  l 6 l  and l 6 2 ) .  

U n a l t e r e d  p l a t e s  o f  b i o t i t e ,  up t o  20 mm l o n g  and w i t h  r o u n d e d  

c o r n e r s ,  a r e  f r e q u e n t ,  and  t h e r e  a r e  o c c a s i o n a l  r o u n d e d  and  p a r t l y  

c a l c i f i e d  c r y s t a l s  o f  a e g i r i n e - a u g i t e .  O f t e n  l a r g e  c r y s t a l s  o f  

b i o t i t e  s u r r o u n d  and  i n c l u d e  r e m n a n t s  o f  p y r o x e n e  c r y s t a l s ,  and one 

p l a t e  o f  b i o t i t e  may i n c l u d e  s e v e r a l  s p e c k s  o f  p y r o x e n e ,  eac h  w i t h  

t h e  same o r i e n t a t i o n ,  a s  th o u g h  a  s i n g l e  p y ro x e n e  c r y s t a l  h a s  b e e n



Plate 1 6 1 . Matrix and droplets of pseudomorphed
lava in the new igneous material in the Ekiojango 
Breccia. The picture includes a large biotite 
crystal. (RF255). x2 5 .

Plate 1 6 2, Pyroxene and biotite crystals enclosed 
in a droplet in the new igneous material in the 
Ekiojango Breccia. (RP233)# x23.
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p a r t l y  a l t e r e d  t o  b i o t i t e ,  b u t  so m e t im es  t h e  e n c l o s e d  p y ro x en e  

i s  e u h e d r a l  (RF 255 ,  p l a t e  l 6 l ) .  The p y r o x e n e  may c o n t a i n  s m a l l  

c r y s t a l s  o f  p e r o v s l c i t e  w h ich  i s  so m e t im es  a l t e r e d  to  i l m e n i t e  

(RF 2 9 2 ) .  Â few s q u a r e  and  r e c t a n g u l a r  p a t c h e s  o f  f e l s p a r  w i t h  

p o s s i b l y  p seudom orph  n e p h e l i n e  o c c u r  and  t h e r e  a r e  some a r e a s  o f  

c l e a r  c a r b o n a t e  c r y s t a l s .  The m i n e r a l s  a r e  s u r r o u n d e d  by s lc ins  

o f  p a r t l y  c r y s t a l l i n e  c a r b o n a t e d  m a t e r i a l ,  which  a r e  up t o  2 mm 

t h i c k ,  and  p r o t r u d e  on w e a t h e r e d  s u r f a c e s .  They c o n t a i n  c o n c e n t r i c a l l y  

a r r a n g e d  n e e d l e s  o f  c a r b o n a t e  w h ich  a r e  up t o  . 2  mm l o n g .  The 

g rou n dm ass  i s  an  opaque  g r e y  m a t e r i a l ,  and  c o n t a i n s  s i m i l a r  n e e d l e s .

I t  i s  t h o u g h t  t h a t  b o t h  t h e  s k i n s  and  t h e  g roundm ass  a r e  c a r b o n a t e d  

l a v a ,  and t h a t  t h e  x e n o c r y s t s  and t h e i r  p seudom orphs  were  a t  f i r s t  

c o a t e d  by l a v a  and were  t h e n  sw ep t  up by  i t .  The a l t e r e d  l a v a  i s  

t e x t u r a l l y  s i m i l a r  t o  some o f  what  o c c u r s  i n  t h e  Lower A g g lo m e ra te  

(HF 3 5 ,  p l a t e  7 5 ) .

The same m a t e r i a l  e x i s t s  w i d e l y  i n  an- a l t e r e d  fo rm ,  b o t h  a s  

l a r g e  f r a g m e n t s  and  as  i s o l a t e d  pseud om orp hs  i n  t h e  b r e c c i a  m a t r i x .

In  t h e  m a t r i x  o f  RF 198 ,  t h e r e  i s  a  pseudom orph  a f t e r  b i o t i t e  

c o n s i s t i n g  o f  opaque  brown m a t e r i a l  w i t h  a  m arked  r e l i c  c l e a v a g e ;  

i t  i n c l u d e s  s e v e r a l  c lo u d y  c a r b o n a t e  c r y s t a l s  w h ich  c o u l d  have  

r e p l a c e d  a  p y r o x e n e .  I n  RF 224 ,  a  few s u b h e d r a l  c r y s t a l s  o f  

u n a l t e r e d  n e p h e l i n e  o c c u r  a s  w e l l  a s  some p a r t l y  f e l s p a t h i s e d  o n e s ,  

a l l  i n  t h e  m a t r i x  o f  t h e  b r e c c i a .  RF 245 c o n t a i n s  a  l a r g e  a n g u l a r  

f r a g m e n t  o f  f r a g m e n t a l  m a t e r i a l  w h ich  i n c l u d e s  t h e  a p a t i t e
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c a r b o n a t i t e  d e s c r i b e d  a b o v e ;  a l s o  t h e r e  a r e  b i o t i t e  c r y s t a l s  w i t h  

r a g g e d  e d g e s  w h ich  a r e  c l o s e l y  a s s o c i a t e d  w i t h  l a r g e  c a r b o n a t e d  

p y r o x e n e ,  a p a t i t e ,  e u h e d r a l  p e r o v s k i t e  g r a i n s ,  one o f  which  

m e a s u r e s  1 . 3  mm a c r o s s ,  s u b h e d r a l  m e l a n i t e  and  a  l i t t l e  p y r o c h l o r e  ; 

t h e s e  a r e  s c a t t e r e d  i n  a  g roundm ass  o f  brown m a t e r i a l  w i t h  s m a l l  

n e e d l e s  o f  c a r b o n a t e .

A f r a g m e n t a l  r o c k  o f  a  s l i g h t l y  d i f f e r e n t  ty p e  was fo u nd  

once  (RF 2 9 0 ) ;  many o f  t h e  same m i n e r a l s  o c c u r ,  b u t  t h e  r o c k  d o es  

n o t  c o n t a i n  any s k i n s  o r  g roundm ass  o f  a l t e r e d  l a v a .  I t  i s  

u n c e r t a i n  w h e t h e r  t h i s  o c c u r r e n c e  i s  an  i n d i v i d u a l  l a r g e  f r a g m e n t  

made up o f  s m a l l e r  o n e s ,  o r  p a r t  o f  t h e  m a t r i x  o f  t h e  b r e c c i a  t h a t  

i s  p a c k e d  w i t h  c r y s t a l s  and  f r a g m e n t s  w h ic h  a r e  l e s s  a l t e r e d  t h a n  

t h e  a v e r a g e .  These  i n c l u d e  s m a l l  c r y s t a l s  o f  s l i g h t l y  c a r b o n a t e d  

a e g i r i n e - a u g i t e  w i t h  a  maximum e x t i n c t i o n  a n g l e  o f  3 2 ° ,  p a l e  

p h l o g o p i t e ,  w h ich  so m e t im es  shows a  u n i a x i a l  i n t e r f e r e n c e  f i g u r e ,  

m e l a n i t e ,  i n  e u h e d r a l - s u b h e d r a l  c r y s t a l s  t h a t  o f t e n  e n c l o s e  s m a l l  

s u b h e d r a l  p y r o x e n e s ,  l a r g e  c r y s t a l s  o f  c a l c i t e  w i t h  r a g g e d  and 

brown e d g e s ,  a p a t i t e  and m in o r  amounts  o f  p y r o c h l o r e  and p e r o v s k i t e .  

P y ro x e n e  c r y s t a l s  may be  e n c l o s e d  and  p a r t l y  a b s o r b e d  by c a l c i t e  

( p l a t e  1 6 3 ) .  A lso  t h e r e  a r e  s m a l l  n o d u l e s  o f  u n a l t e r e d  p y r o x e n e s .  

The l a r g e s t  r o c k  f r a g m e n t  c o n s i s t s  o f  m a g n e t i t e ,  p y r o c h l o r e  and  

p h l o g o p i t e ,  and  i s  o n l y  3 mm a c r o s s .

The d e t a i l s  o f  t h e  few sp e c im e n s  t h a t  c o n t a i n  r e c o g n i z a b l y  

new m a t e r i a l  have  b e e n  g i v e n  a t  some l e n g t h ,  b e c a u s e  o f  t h e i r
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i m p o r t a n c e  i n  sho w in g  p a r t  o f  t h e  m i n e r a l  a s se m b la g e  which  must  

be a s s o c i a t e d  w i t h  t h e  c e n t r a l  c a r b o n a t i t e s .

(b )  THE INTERSTITIAL MATERIAL, VEINING MD 
SKITTERING IN THE BRECCIA.

The E k i o j a n g o  B r e c c i a  se ldom  h a s  a  t r u e  m a t r i x .  A l th o u g h  t h e  

B r e c c i a  i s  a s s o c i a t e d  w i t h  t h e  E k io j a n g o  C a r b o n a t i t e ,  t h e  

b r e c c i a t i o n  i s  n o t  c a u s e d  by d i s r u p t i o n  due t o  t h e  i n t r u s i o n  o f  

c a r b o n a t i t e ,  a n d  t h e  b r e c c i a  does  n o t  o f t e n  have a  m a t r i x  o f  c o a r s e  

c a r b o n a t e .  R a t h e r  t h e  f r a g m e n t s  i n  t h e  b r e c c i a  a r e  s e p a r a t e d  f rom  

each  o t h e r  by  n a r r o w  and f a i r l y  s t r a i g h t  c r o s s - c u t t i n g  v e i n s ,  w h ich  

a r e  o c c u p i e d  by  f e l s p a r ,  c a r b o n a t e  o r  q u a r tz . ,  and from which  

a l t e r a t i o n  h a s  s p r e a d  i n t o  t h e  f r a g m e n t s .

F e l s p a r s  a r e  t h e  commonest i n t e r s t i t i a l  m a t e r i a l  and 

a l t e r a t i o n  p r o d u c t ;  t h e y  a r e  a l l  o f  t h e  same t y p e ,  an d  t h e i r  form 

i s  s i m i l a r  t o  t h a t  o f  t h o s e  which  o c c u r  i n  t h e  p y r o c l a s t i c s  and  a s  

an a l t e r a t i o n  p r o d u c t  a l o n g  t h e  s m a l l  c a r b o n a t i t e  dykes  and 

c o n e s h e e t s .  The v e i n s  o f  f e l s p a r  a r e  o f  u neven  t h i c k n e s s ,  w i t h  a  

maximum o f  5 (RF 268 and RF 284,  p l a t e  l 6 4 ) .  I t  i s  d o u b t f u l  

w h e th e r  t h e y  h av e  c a u s e d  any a l t e r a t i o n  t o  t h e  b r e c c i a  f r a g m e n t s ,  

s i n c e  t h e  amount o f  f e l s p a t h i s a t i o n ,  i n  t h e  f r a g m e n t s ,  th o u g h  h i g h  

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

The c a r b o n a t e  found  i n  v e i n s  i s  e i t h e r  c o a r s e  o r  f i n e ,  and 

th e  v e i n s  a r e  o f t e n  t h i c k e r  t h a n  t h e  f e l s p a t h i c  o n e s ,  as  t h e y  may 

be a t  l e a s t  5 mm t h i c k .  They c a n  c a u s e  b r e c c i a t i o n  on d i f f e r e n t
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s c a l e s ;  i n  RF 292 ,  c a r b o n a t i t e  i s  b r o k e n  i n t o  a n g u l a r  f r a g m e n t s  

w i t h  a  w i d t h  o f  o v e r  20 mm, b u t  a t  t h e  o t h e r  e x t r e m e ,  c o a r s e  

c a r b o n a t i t e  i n  RF 277 h a s  r e c r y s t a l l i s e d  i n t o  a  f i n e r - g r a i n e d  

r o c k ,  and  f i n e - g r a i n e d  c a r b o n a t e  h a s  p e n e t r a t e d  a lo n g  t h e  o r i g i n a l  

b o u n d a r i e s  o f  t h e  l a r g e  c r y s t a l s .  Not a l l  t h e  f r a g m e n t s  t h a t  a r e  

v e in e d  by  c a r b o n a t e  a r e  o f  c a r b o n a t i t e ,  and  i n  RF 284 ( p l a t e  1 6 5 ) ,  

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

f r a g m e n t s  o f  brown f e l s p a t h i s e d  a g g l o m e r a t e ,  and  t h e  amount o f  

f e l s p a t h i s a t i o n  i n c r e a s e s  m a rk e d ly  t o w a rd s  t h e  edges  o f  t h e  

f r a g m e n t s .  The c a r b o n a t e  o f t e n  c o n t a i n s  i r r e g u l a r  p a t c h e s  o f  f e l s p a r  

and t h e  c a r b o n a t e  so m e t im es  c a u s e s  c a r b o n a t i o n  a s  w e l l  as  

f e l s p a t h i s a t i o n  (RF 3 0 2 ) .  Where t h e  c o a r s e - a n d - f i n e - g r a i n e d  

c a r b o n a t e  v e i n s  o c c u r  t o g e t h e r ,  t h e  f i n e  c u t s  and r e p l a c e s  t h e  

c o a r s e .  I n  f a c t  t h i s  i s  t h e  same r e l a t i o n s h i p  a s  i s  found  i n  t h e  

E k io j a n g o  C a r b o n a t i t e .  B e ca u se  o f  t h e  e a s e  w i t h  which c a r b o n a t e  

r e c r y s t a l l i z e s  and  t h e  f a c t  t h a t  t h e r e  i s  no p r o o f  t h a t  some o f  

t h e  v e i n i n g  i s  n o t  s e c o n d a r y ,  l i t t l e  r e l i a n c e  i s  p l a c e d  on e v i d e n c e  

from t h e  v e i n s .

Q u a r t z  v e i n s  o c c u r  v e r y  r a r e l y  a lo n g  t h e  ed ges  o f  f r a g m e n t s ,  

b u t  t h e i r  n a t u r e  i s  d i f f e r e n t  f rom t h a t  o f  t h e  f e l s p a r ,  and 

c a r b o n a t e  v e i n s .  I n s t e a d  o f  s e p a r a t i n g  o r i g i n a l l y  c o n t i g u o u s  

f r a g m e n t s ,  t h e y  f i l l  g a p s  b e tw e e n  f r a g m e n t s  and  f e l s p a t h i c  

i n t e r s t i t i a l  m a t e r i a l ,  o r  b e tw e e n  f r a g m e n t s  o f  d i f f e r e n t  s o r t s  

(RF 1 9 8 , p l a t e  I 6 6 ) .  The v e i n s  a r e  n o r m a l ly  a b o u t  .0 3  mm wide  and



Plate 163* A carbonate crystal surro-onded by
pyroxenes in the Ekiojango Breccia. (RP290). x55

Plate 164. Diffuse veins of fine-grained felspar 
in the Ekiojango Breccia. (RP284). x85*



Plate 1 6 5 . Carbonate causing felspathisation in 
a fragment in the Ekiojango Breccia. Between 
the carbonate and the fragment boundary, there 
is an irregular zone of ore. Within the 
boundary, the pale material..is fine-grained 
felspar. (RF284). x80.

Plate 1 6 6. Quartz vein in the Ekiojango Breccia 
(under crossed polarisers). (RFI9 8). xl5 5 *
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one c r y s t a l  t h i c k .  The q u a r t z  i s  c l e a r  and  s l i g h t l y  s t r a i n e d .  The 

q u a r t z  v e i n s  a r e  p r o b a b l y  a  l a t e  f e a t u r e ,  a l t h o u g h  i n  HF 256,  

q u a r t z  i s  p a r t l y  a b s o r b e d  by  f e l s p a r .

The d i r e c t i o n s  o f  t h e  v e i n s  a p p e a r  t o  be random from e x p o s u r e  

t o  e x p o s u r e  and  s u c c e s s i v e  e p i s o d e s  o f  b r e c c i a t i o n  have  d e s t r o y e d  

any p a t t e r n  w h ich  may have  e x i s t e d .

C. THE KINYAI4UNGU GROUP.

As w i t h  t h e  E k io j a n g o  Group ,  i t  i s  p o s s i b l e  t o  s p l i t  t h e  

Kinyamungu Group i n t o  a  c a r b o n a t i t e  and  an  a s s o c i a t e d  b r e c c i a ,  and 

t h e  d i s t i n c t i o n  i s  s h a r p e r ,  s i n c e  t h e  c a r b o n a t i t e  c o n t a i n s  f ew e r  

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

The c a r b o n a t i t e s  on E r i a u r u m a  a r e  d e s c r i b e d  w i t h  t h i s  g r o u p ,  a s  

a r e  t h e  l a t e  f i n e - g r a i n e d  r e d - b r o w n  d y k e s ,  w h ich  o c c u r  m o s t l y  w i t h i n  

t h e  m ain  Kinyamungu C a r b o n a t i t e .  I t  was e x p l a i n e d  e a r l i e r  t h e  

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

o f  N y a k i r a n g a c h a ,  b u t  t h e y  merge i n t o  one a n o t h e r  t o  t h e  w e s t .  

G r a d a t i o n a l  t y p e s  a r e  d e s c r i b e d  w i t h  t h e  Kinyamungu B r e c c i a .

(1 )  CABBOMATITE.

The Kinyamungu C a r b o n a t i t e ,  b e i n g  f a i r l y  p u r e  c a r b o n a t e ,  shows 

f e a t u r e s  o f  n o rm a l  l i m e s t o n e  w e a t h e r i n g .  On t h e  t o p s  o f  Kinyamungu 

and Engima, i t  i s  w e l l - e x p o s e d ,  and t h e  s u r f a c e  i s  f l u t e d  w i t h  s h a r p  

e d g e s ,  w hich  a r e  o f t e n  p a r a l l e l .  The e d g e s  a r e  a  w e a t h e r i n g  

f e a t u r e ,  and  d i f f e r  f rom t h e  c o m p o s i t i o n a l  b a n d in g  i n  t h e  c a r b o n a t i t e
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( p l a t e  1 6 7 ) .  The b a s e s  o f  many o f  t h e  c l i f f s  a r e  p l a s t e r e d  w i t h  

s e c o n d a r y  c a r b o n a t e ,  and a r e  o f t e n  u n d e r c u t  and p o l i s h e d  by b a b o o n s .

The r o c k  i s  n o r m a l l y  b a n d e d ,  and  som etim es  i r r e g u l a r  s t r e a k s  

o f  m a g n e t i t e  c r y s t a l s  c a n  be s e e n  i n  t h e  f i e l d .  The b a n d s  a r e  

w i t h i n  10 ^ o f  t h e  v e r t i c a l ,  and  p a r t  o f  t h e  a b r u p t  s o u t h w e s t - f a c i n g  

c l i f f  on Kinyamungu i s  c a u s e d  by d i f f e r e n t i a l  w e a t h e r i n g  a lo n g  a  

b a n d .  A l t h o u g h  t h e  r o c k  i s  b r o w n - d a r k - b r o w n ,  i t  w e a t h e r s  p a l e ,  i n  

c o n t r a s t  t o  t h e  b r e c c i a  a s s o c i a t e d  w i t h  i t .  Even t h e  s m a l l  d eep  

r e d - b r o w n  c a r b o n a t i t e  dykes  a r e  p a l e  on w e a t h e r e d  s u r f a c e s  ( p l a t e  1 6 9 ) .  

B e ca u se  o f  good e x p o s u r e  and  t h e  p a l e  c o l o u r ,  t h e  d i s t i n c t i o n  and  

r e l a t i o n s  b e tw e e n  t h e  c a r b o n a t i t e  and b r e c c i a  i s  shown w e l l  on 

E r i a u r u m a  ( p l a t e s  I 67 and  1 7 4 ) .

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

muuh i n  hand  s p e c im e n .  N e v e r t h e l e s s  i t  i s  n o t i c e a b l e  t h a t  t h e  more 

l a r g e  m a g n e t i t e  c r y s t a l s  t h e  r o c k  h o l d s ,  t h e  p a l e r  t h e  c a r b o n a t e  

beco m es .  O t h e r w i s e  t h e  c a r b o n a t e  i s  hom ogeneous .

I n  t h i n  s e c t i o n ,  t h e  c a r b o n a t e  i s  s e e n  t o  have  a  g r a i n - s i z e  

w h ic h  se ld o m  e x c e e d s  . 1  mm. The c r y s t a l s  a r e  c lo u d y ,  and have  

i n d e t e r m i n a t e  e d g e s ,  so t h a t  most  o f  t h e  r o c k  i s  a  t u r b i d  m o s a i c ,  

and  i t  i s  o n l y  p o s s i b l e  t o  p i c k  o u t  where  t h e  c r y s t a l  b o u n d a r i e s  

a r e  u n d e r  c r o s s e d  n i c o l s  (RF 227 ,  p l a t e  1 7 5 ) .  Any t w i n n i n g  o r  

c l e a v a g e  i s  masked by t h e  brown c l o u d i n e s s ,  an  e f f e c t  w h ich  i s  

p r o b a b l y  c a u s e d  by v e r y  f i n e l y  d i s p e r s e d  i r o n  o r e  t h r o u g h o u t  t h e  

r o c k .  The brown m a t e r i a l  i s  o c c a s i o n a l l y  o r g a n i z e d  i n t o  p a r a l l e l



% I
Plate 1 6 7 . Fluted Kinyamungu Carbonatite from the 

top of Engima.

Plate 1 6 8 • The undercut base of a cliff of
Kinyamungu Carbonatite, plastered with secondary 
material and polished by baboons.



Plate 1 6 9 . Late red-brown carbonatite dyke
cutting the Kinyamungu Carbonatite, on Kinyamungu

Plate 1 7 0 . Intrusive tongue of 
Kinyamungu Carbonatite on 
Eriauruma.



Plate 1 7 1 . Kinyamungu Carbonatite penetrating 
between brecciated fragments on Eriauruma.

late 1 7 2 . Tongue of Kinyamungu 
Carbonatite with its end dis
placed on Eriauruma. Two 
phases of intrusion are visible.

r
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Plate 1 7 3 . A fragment of Kinyamungu Carbonatite 
from breccia on Eriauruma.

là
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Plate 1 7 4 . Kinyamungu Breccia from near Engima. 
The fragments are set in a carbonatite matrix,
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n o n c r y s t a l l i n e  s t r e a k s  a s  i n  RF 238 ( p l a t e  1 ? 6 ) ;  a l t h o u g h  t h i s  

spec im en  i s  f rom  a  l a r g e  o u t c r o p  o f  m a s s i v e  c a r b o n a t i t e ,  i t  i s  

p e t r o g r a p h i c a l l y  s i m i l a r  t o  many o f  t h e  s m a l l  c o n e s h e e t s  and 

dyk es .

The s p e c i f i c  g r a v i t y  o f  s e v e r a l  sp e c im e n s  o f  t h i s  ty p e  

o f  c a r b o n a t i t e  was m e a s u r e d ,  and  t h e y  a l l  gave  r e a d i n g s  t h a t  a r e  

w e l l  u n d e r  2 . 7 1 .  S t a i n i n g  was i n c o n c l u s i v e ,  b e c a u s e  o f  t h e  brown 

m a t e r i a l  and  t h e  s m a l l  s i z e  o f  t h e  c a r b o n a t e  c r y s t a l s ,  b u t  x - r a y  

d i f f r a c t i o n  work  h a s  shown t h a t  t h e  c a r b o n a t i t e  i s  p r e d o m i n a n t l y  

c a l c i t e  w i t h  m in o r  am oun ts  o f  a n k e r i t e .

G e n e r a l l y ,  t h e  c a r b o n a t i t e  i n c l u d e s  s m a l l  p a t c h e s  o f  l o n g  

r a d i a t i n g  c a r b o n a t e  c r y s t a l s  (RF 228,  p l a t e  1 7 7 ) .  They a r e  up t o  

2 mm l o n g ,  and  a r e  s t r a i n e d  so t h a t  t h e  e x t i n c t i o n  a lw ay s  fo rm s  

an i r r e g u l a r  c r o s s .  They a r e  c l e a r  and  t h e  edg es  be tw een  c r y s t a l s  

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

and e n v e l o p e d  by  a  t h i n  l i n e  o f  brown m a t e r i a l .  There  seems t o  be  

no way o f  t e l l i n g  w h e t h e r  t h e s e  f e a t u r e s  a r e  c a u s e d  by f i n e - g r a i n e d  

c a r b o n a t e  i n v a d i n g  c o a r s e  o r  v i c e  v e r s a ,  o r  by r e c r y s t a l l i z a t i o n .

M a g n e t i t e  i s  a l m o s t  u b i q u i t o u s  i n  t h e  Kinyamungu C a r b o n a t i t e ,  

Norm al ly  s u b h e d r a l  c r y s t a l s ,  whose s i z e  v a r i e s  from 1 t o  15 mm, 

o c c u r ,  and  t h e y  a r e  fou nd  i n  ro u g h  b a n d s ,  t h e  c e n t r e s  o f  w h ich  may 

c o n t a i n  90% m a g n e t i t e  o r  h a e m a t i t e  (RF 228 and RF 229, p l a t e  1 7 8 ) .  

But  t h e  v e r y  r i c h  b a n d s  a r e  n e v e r  more t h a n  40 ram t h i c k .  The 

c r y s t a l s  show no o r i e n t a t i o n ,  a n d ,  e x c e p t  i n  t h e  v e r y  i r o n - r i c h



Plate 175* Typical texture in the Kinyamungu 
Carbonatite. It includes small grains of 
magnetite. (RP227). x85-

XL-

' - 3 :

H

Plate 1 7 6 . Streaks of ore in the Kinyamungu 
Carbonatite. (RP238). x55•



Plate 1 7 7 . Radiating crystals of carbonate in the 
Kinyamungu Carbonatite (under crossed polarisers) 
(RP228). x85.

Plate 1 7 8 . Subhedral magnetite crys
Kinyamungu Carbonatite. (RP228;. x2$.
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b a n d s ,  t h e y  t e n d  t o  o c c u r  s i n g l y  r a t h e r  t h a n  i n  c l u s t e r s .  The o t h e r  

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

t h a t  c o n t a i n  m a g n e t i t e .  The commonest  o f  t h e s e  i s  m i c a ;  i t  o c c u r s  

i n  u n o r i e n t a t e d  p l a t e s  up t o  13 mm l o n g  (RF 227 ,  p l a t e  1 7 9 ) .  I t  

was p r o b a b l y  b i o t i t e  o r  p h l o g o p i t e  o r i g i n a l l y ,  b u t  h a s  b e e n  a l t e r e d  

t o  a  c lo u d y  brown s u b s t a n c e  w h ic h  r e t a i n s  a  p r o n o u n c e d  c l e a v a g e  

b u t  i s  h a r d l y  p l e o c h r o i c .  C a r b o n a t e  h a s  i n v a d e d  t h e  c l e a v a g e  p l a n e s ,  

and most  o f  t h e  c l e a v a g e  f l a l c e s  a r e  v e r y  b e n t .  The d e g r e e  o f  

a l t e r a t i o n  o f  t h e  m ic a  i s  c o n s i d e r a b l y  more t h a n  i n  t h e  E k io  j a n g o  

C a r b o n a t i t e .

O c c a s i o n a l  s m a l l  r o u n d e d  a p a t i t e  c r y s t a l s  o c c u r ,  b u t  t h e y  

a r e  f a r  l e s s  common t h a n  i n  t h e  E k i o j a n g o  E lc io ja n g o  C a r b o n a t i t e .

They a r e  so m e t im e s  e n t i r e l y  e n c l o s e d  by s i n g l e  c a r b o n a t e  c r y s t a l s .

W i t h i n  t h e ' i r o n - r i c h  b a n d s ,  t h e r e  may be  a t  l e a s t  3% 

p y r o c h l o r e .  T h i s  may o c c u r  w i t h i n  t h e  h a e m a t i t e  (RF 2 3 3 ,  p l a t e  l 8 0 ) ,  

o r  i n  t h e  m a t e r i a l  t h a t  i s  i n t e r s t i t i a l  t o  t h e  o r e .  I t  fo rm s  

s u b h e d r a l  o r  b r o k e n  c u b i c  o r  o c t a h e d r a l  c r y s t a l s  up t o  . 3  mm a c r o s s .  

P y r o c h l o r e  se ld o m  o c c u r s  among t h e  n o r m a l  c a r b o n a t e .

The o r e  i n  t h e  i r o n - r i c h  b a n d s  h a s  n o r m a l l y  t u r n e d  t o

h a e m a t i t e ,  and  t h e  m a s s e s  o f  o r e  h a v e  b o r d e r s  o f  b rown m a t e r i a l  w h ic h

must  be  a  f u r t h e r  a l t e r a t i o n  t o  l i m o n i t e .  B e tw ee n  t h e  o r e ,  t h e r e

a r e  i r r e g u l a r  b o d i e s  o f  a n a l c i t e ,  and  s u b h e d r a l  c r y s t a l s  o f  q u a r t z

and b a r y t e s ,  b o t h  o f  them up t o  . 8  mm l o n g ,  w h ic h  f r e q u e n t l y  c o n t a i n  

s t r e a l c s  o f  brown o r e .



Plate 1 7 9 . Altered mica in the Kinyamungu 
Carbonatite. (RF227). x2g.

Plate 1 8 0 • Pyrochlore crystal surrounded by
ore in the Kinyamungu Carbonatite. (RF233). x80.
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F e l s p a r  i s  an  o c c a s i o n a l  c o n s t i t u e n t ,  and  fo rm s  i r r e g u l a r  

c lo u d y  c r y s t a l s  o f  o r t h o c l a s e  w i t h  c l e a r  m a r g i n s  o f  a l b i t e .  They 

a r e  u n t w i n n e d .

The c a r b o n a t i t e  on E r i a u r u m a  i s  c o a r s e r  g r a i n e d ,  and  i n c l u d e s  

many more o f  t h e  g r o u p s  o f  l o n g  r a d i a t i n g  c r y s t a l s  o f  c o a r s e  

c a r b o n a t e .  The r e d - o r o w n  d y k e s  a r e  v e r y  much d a r k e r ,  and l a r g e l y  

n o n c r y s t a l l i n e ;  t h e i r  x - r a y  d i f f r a c t i o n  p a t t e r n  i s  p r e d o m i n a n t l y  

t h a t  o f  a n k e r i t e  w i t h  s m a l l e r  am ounts  o f  c a l c i t e .

(2 )  BRECCIA

I n  i t s  f i e l d  a p p e a r a n c e ,  t h e  Kinyamungu B r e c c i a  c o n t r a s t s  

w i t h  t h e  E k i o j a n g o  B r e c c i a  i n  t h a t  i t  r e a l l y  l o o k s  l i k e  a  b r e c c i a ;  

w e l l - d e f i n e d  a n g u l a r  f r a g m e n t s  s t a n d  o u t  f rom a  p a l e r  m a t r i x  

( p l a t e  1 ? 4 ) .  The m ain  e x p o s u r e s  o c c u r  c l o s e  t o  t h e  c a r b o n a t i t e  on 

E r ia u r u m a  and  b o t h  on and  a r o u n d  Kinyamungu and Engima. S o m e t im e s ,  

e s p e c i a l l y  on Engima, i t  i s  e x p o se d  a s  a  s k i n  o v e r  c a r b o n a t i t e ,  

b u t  u n l i k e  t h e  E k io j a n g o  B r e c c i a ,  i t  n e v e r  h a s  any t o p o g r a p h i c a l  

e x p r e s s i o n  a t  t h e  e x p e n s e  o f  t h e  c a r b o n a t i t e .

( a )  FRAGMENTS.

The f r a g m e n t s  a r e  a n g u l a r ,  and  t h e i r  s i z e  v a r i e s  up t o  a b o u t
f

20 cm l o n g .  As i n  t h e  E k i o j a n g o  B r e c c i a ,  most  o f  them a r e  so  

a l t e r e d  t h a t  i t  i s  i m p o s s i b l e  to  s e e  what t h e y  were o r i g i n a l l y ,  b u t  

a p a r t  f rom t h e  c a r b o n a t i t e  t h e r e  a r e  no u n b r e c c i a t e d  r o c k s  n e a r b y  

w i t h  w h ic h  any o f  t h e  f r a g m e n t s  can  be m a tch e d ,  and t h e  t y p e  o f
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a l t e r a t i o n  t e n d s  t o  be  d i f f e r e n t  f rom w hat  o c c u r s  i n  t h e  E k i o j a n g o  

B r e c c i a .

The m ost  common s o r t  o f  f r a g m e n t  c o n s i s t s  l a r g e l y  o f  an  

o b s c u r e  a g g r e g a t e  o f  f i n e - g r a i n e d  c lo u d y  c a r b o n a t e  and  brown 

m a t e r i a l .  The f r a g m e n t s  g e n e r a l l y  l a c k  d i s t i n c t  t e x t u r e ,  and  t h e r e  

a r e  se ld o m  any  r e c o g n i z a b l e  p seu d om orp hs  (RF 2 3 4 ) .  On c u t  s u r f a c e s  

and  t h i n  s e c t i o n s ,  t h e  o v e r a l l  c o l o u r  e f f e c t  i s  g r e y .  B e s i d e s  

t h e  c a r b o n a t e ,  t h e s e  f r a g m e n t s  c o n t a i n  a  w ide  v a r i e t y  o f  m i n e r a l s  

i n  s m a l l  q u a n t i t i e s .

The f r a g m e n t s  i n  most  s p e c im e n s  i n c l u d e  a t  l e a s t  3% f e l s p a r ,  

and  RF 239 c o n t a i n s  up t o  20% f e l s p a r .  I t  i s  u s u a l l y  v e r y  c lo u d y  

a n h e d r a l  o r  s u b h e d r a l  p o t a s h  f e l s p a r  w h ic h  o c c a s i o n a l l y  shows 

s i m p l e  t w i n n i n g ,  and  o c c u r s  i n  c r y s t a l s  up t o  . 3  mm lo n g  (RF 234 ,  

p l a t e  l 8 l ) .  The p o t a s h  f e l s p a r  h a s  a  2 ¥  o f  10°  -  20° w h ic h  i s  

a p p r e c i a b l y  lo w e r  t h a n  t h a t  o f  n o rm a l  o r t h o c l a s e ,  so  t h a t  t h e  

f e l s p a r  i s  p r o b a b l y  s a n i d i n e .  Som etim es i t  i s  s u r r o u n d e d  by a  r i m  

o f  c l e a r e r  a n o r t h o c l a s e  w h ic h  shows v e r y  f i n e  p o l y s y n t h e t i c  t w i n n i n g  

(RF 2 3 9 ) .  O c c a s i o n a l l y ,  a s  i n  RF 239» t h e  p o t a s h  f e l s p a r  o c c u r s  

i n  f a r  l a r g e r  s u b h e d r a l  p l a t e s  t h a t  a r e  up t o  3 mm a c r o s s .  N o rm a l ly  

t h e  f e l s p a r  i s  s u r r o u n d e d  by  c a r b o n a t e ,  b u t  som etim es  i t s  e d g e s  

a r e  c o r r o d e d  and r e p l a c e d  by v e r y  f i n e - g r a i n e d  amorphous f e l s p a r .

The f e l s p a r ,  b e c a u s e  o f  i t s  f r e q u e n t l y  u n a l t e r e d  s t a t e  and i t s  

common a s s o c i a t i o n  w i t h  v e i n s  o f  c a r b o n a t e ,  i s  c o n s i d e r e d  n o r m a l ly  

t o  be  a  s e c o n d a r y  p r o d u c t ,  th o u g h  what  i t  a l t e r e d  from i s  n o t  known.



Plate 181. Subhedral potash felspar in the 
Kinyamungu Breccia. (RF234). x80.

Plate 182. Part of a fragment from the Kinyamungu
Breccia. The white material is potash felspar,
^ d  the grey, speckled material is c§.rbonate. 
(RP259). x25.
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Since there is not much fine-grained felspar in the Kinyamungu 
Breccia, a basic difference between the two sets of carbonatite and 
breccia is that the Ekiojango Carbonatite is associated with 
alteration to small, poorly formed potash felspar, whereas the 
Kinyamungu Carbonatite is associated with alteration to coarser 
subhedral felspar and carbonation.

F i n e - g r a i n e d  f e l s p a r  d o e s  o c c u r  s p o r a d i c a l l y  i n  t h e  g r o u n d m a s s  

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

them . F e l s p a r  a n d  a n a l c i t e  fo rm  i r r e g u l a r  p a t c h e s  w i t h  d i s t i n c t  

o u t l i n e s  (RF 288 and  RF 3 3 0 ) .  By a n a l o g y  v / i th  t h e  mode o f  

o c c u r r e n c e  o f  f e l s p a r  i n  t h e  p y r o c l a s t i c s ,  t h e s e  c o u l d  w e l l  be  

h i g h l y  d i s t o r t e d  p seud o m o rp h s  a f t e r  n e p h e l i n e .

A p a t i t e  i s ,  a s  i n  m ost  o f  t h e  o t h e r  g r o u p s  o f  r o c k s ,  a  

common c o n s t i t u e n t ,  and o c c u r s  b o t h  a s  t i n y  r o u n d e d  c r y s t a l s ,  and  

a s  l a r g e r  s u b h e d r a l  o n e s  w h ich  a r e  up t o  1 mm l o n g  (RF 2 3 0 ) .  I t  

i s  t h o u g h t  t h a t ,  a s  i n  t h e  E k io j a n g o  C a r b o n a t i t e ,  t h e  r o u n d e d  o n e s  

a r e  e a r l y  and  p a r t l y  r e s o r b e d ,  and  t h e  s u b h e d r a l  o n e s  a r e  l a t e ,  and 

may have  b e e n  form ed d u r i n g  b r e c c i a t i o n  and  a l t e r a t i o n .

O th e r  m i n e r a l s  a r e  fo u n d  l e s s  f r e q u e n t l y .  L a rge  c r y s t a l s  o f  

z o ned  a e g i r i n e - a u g i t e  up t o  3 nim lo n g  (RF 230 and  RF 330)  o c c u r  

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

p y r o x e n e s  i n  t h e  E k io j a n g o  B r e c c i a ,  and  o c c a s i o n a l l y  p y ro x e n e  i s  

p seudom orphed  by  c a r b o n a t e  (RF 234 ,  p l a t e  l 8 4 ) .  M e l a n i t e  was fou nd  

i n  one s p e c im e n ,  i n  c l u s t e r s  o f  e u h e d r a l  c r y s t a l s ,  which  a r e  d a r k
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brown and  b e a u t i f u l l y  zoned  (RF 230 ,  p l a t e  I 8 3 ) .  Ragged and  

c lo u d y  p l a t e s  o f  b i o t i t e  o c c u r  i n  RF 3 2 9 .  RF 230 c o n t a i n s  s u b h e d r a l  

m a g n e t i t e  w i t h  c o r r o d e d  e d g e s .

As many o f  t h e  f r a g m e n t s  c o n t a i n  m i n e r a l s  t h a t  a r e  n o t  

foun d  u n a l t e r e d  i n  t h e  p y r o c l a s t i c s ,  i t  can  be s a i d  s a f e l y  t h a t  t h e y  

a r e  n o t  b r e c c i a t e d  f r a g m e n t s  o f  p y r o c l a s t i c s .  The m i n e r a l s  a r e  

t h e  same a s  some o f  t h o s e  fo u n d  i n  t h e  new ly  fo rm ed  m a t e r i a l  t h a t  

o c c u r s  i n  t h e  E k io j a n g o  B r e c c i a .  I t  w i l l  be  shown i n  P a r t  3 t h a t  

N y a k i r a n g a c h a  i s  p r o b a b l y  t h e  s i t e  o f  t h e  v e n t  t h a t  g a v e  r i s e  t o  

t h e  n e p h e l i n i t e  a g g l o m e r a t e  on t h e  K i s i n g i r i  V o lc a n o ,  a s  w e l l  a s  

some o f  t h e  l a v a s .  So i t  i s  a  r e a s o n a b l e  d e d u c t i o n  t h a t  many o f  

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

N y a k i r a n g a c h a ,  a r e  h i g h l y  c a r b o n a t e d  and  f e l s p a t h i s e d  p i e c e s  o f  

v o l c a n i c  o r  s u b v o l c a n i c  m a t e r i a l .

A l l  o f  t h e  o t h e r  f r a g m e n t s  a r e  o f  c a r b o n a t i t e .  A few a r e  

s i m i l a r  t o  t h e  E k io j a n g o  C a r b o n a t i t e ,  and a r e  p u r e  and c o a r s e - g r a i n e d ,  

o r  have  b e e n  p a r t l y  r e p l a c e d  by f i n e - g r a i n e d  c a r b o n a t e  (RF 3 1 7 ) .

More f r e q u e n t l y  found  a r e  f r a g m e n t s  o f  f i n e - g r a i n e d  c lo u d y  

c a r b o n a t i t e ,  w h ich  r e s e m b l e  t h e  Kinyamungu C a r b o n a t i t e  and n o r m a l l y  

c o n t a i n  a p a t i t e  (RF 2 3 0 ) .  I n  one sp e c im en  (RF 2 8 8 ) ,  f r a g m e n t s  o f  

c a r b o n a t i t e  a r e  s u r r o u n d e d  by r i m s  o f  f i n e - g r a i n e d  f e l s p a r ,  even  

th o u g h  t h e  m a t r i x  o f  t h e  r o c k  c o n s i s t s  o f  c a r b o n a t e .



Plate 1 8 3 . Zoned melanite crystal from the 
Kinyamungu Breccia. (RF24o). xl55-

Plate 184. Possible pseudomorph after zoned pyroxene 
in fine-grained, cloudy carbonate. The pseudomorph
is ringed by fine-grained felspar. (RF234). x80
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(b) lUTRIX.

The intensive veining found in the Ekiojango Breccia seldom 

occurs in the Kinyamungu Breccia, and, when it does, the composition 

of the veins is different and they are not so regular or straight.

In  RF 2 3 4 , a  s e t  o f  v e i n s  o f  f i n e - g r a i n e d  c a r b o n a t e  i s  c u t  by a t  

l e a s t  two s e t s  o f  d a r k  brown v e i n s ,  w h ich  c o n t a i n  s m a l l  a p a t i t e  

c r y s t a l s .  B o th  t y p e s  c a u s e  c a r b o n a t i o n  and a  m in o r  amount o f  

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

N o r m a l l y ,  t h e  b r e c c i a  h a s  a  m a t r i x  t h a t  i s  s i m i l a r  t o  t h e  

Kinyamungu C a r b o n a t i t e ,  a l t h o u g h  w i t h o u t  t h e  m a g n e t i t e - r i c h  b a n d s  

and many o f  t h e  u s u a l  a c c e s s o r y  m i n e r a l s .  Where e x p o s u r e s  o f  t h e  

b r e c c i a  o c c u r  c l o s e  t o  t h e  c a r b o n a t i t e ,  a s  on E r i a u r u m a  and Engima,  

i t  can be shown t h a t  t h e  m a t r i x  o f  t h e  b r e c c i a  i s  c o n t i n u o u s  w i t h  

nea rb y  c a r b o n a t i t e  ( p l a t e  1 7 1 ) •  The m a t r i x  i s  composed o f  c lo u d y  

f i n e - g r a i n e d  c a r b o n a t e ,  w i t h ‘ a  g r a i n - s i z e  o f  up t o  .3  mm and 

c o n t a i n i n g  v e r y  l i t t l e  i n t e r s t i t i a l  n o n c r y s t a l l i n e  m a t e r i a l .  T h e re  

a r e  some r o u n d e d  c r y s t a l s  o f  a p a t i t e ,  and  b l a c k  s p e c k s  w h ic h  may 

be m a g n e t i t e .  The m a t r i x  i n  RF 239 c o n t a i n s  s m a l l  amounts  o f  b l u e -  

g r e e n  a m p h i b o l e ,  a  m i n e r a l  t h a t  was n o t  fo u n d  i n  t h e  c a r b o n a t i t e .

I t  o c c u r s  a s  s m a l l  b u n d l e s  o f  f i b r e s ,  n e v e r  more t h a n  . 0 4  mm l o n g ;  

th e  f i b r e s  h a v e  more o r  l e s s  s t r a i g h t  e x t i n c t i o n ,  t h o u g h  t h e y  a r e  

wavy and i t  i s  h a r d  t o  f i n d  t h e  e x a c t  e x t i n c t i o n  a n g l e .  They a r e  

l e n g t h  f a s t .  The m i n e r a l  i s  p l e o c h r o i c  f rom  b l u e  t o  c o l o u r l e s s  

a lo n g  t h e  l e n g t h  o f  t h e  f i b r e s ,  and  t h e  p o l a r i s a t i o n  c o l o u r  i s
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n o r m a l ly  b l u e ,  and  an  an o m a lo u s  y e l l o w  i s  sho\m j u s t  b e f o r e  t h e  

f i b r e s  go i n t o  e x t i n c t i o n .  I t  i s  n o t  u n l i k e  t h e  f i b r o u s  a m p h ib o le  

which fo rm s  ro u n d  some o f  t h e  p y r o x e n e s  i n  t h e  i j o l i t e ,  and i s  

p r o b a b l y  a r f v e d s o n i t e  o r  m a g n e s i o a r f v e d s o n i t e .

The d e s c r i p t i o n  o f  t h e  m a t r i x  p i n p o i n t s  one o f  t h e  main  

d i f f e r e n c e s  b e tw e e n  t h e  two g r o u p s  o f  c a r b o n a t i t e  and  b r e c c i a  

( F i g u œ 2 6 ) .  The E k io  j a n g o  B r e c c i a  was fo rm ed  a f t e r  t h e  i n t r u s i o n  

o f  t h e  c a r b o n a t i t e ,  when b o t h  t h e  c a r b o n a t i t e  and  t h e  s u r r o u n d i n g  

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

K in y a m u n g u -B re c c ia  was c a u s e d  by t h e  i n t r u s i o n  o f  t h e  Kinyamungu 

C a r b o n a t i t e ,  a l t h o u g h  i n  f a c t ,  t h i s  h a p p e n e d  i n  more t h a n  one 

e p i s o d e ,  a s  t h e  b l o c k s  o f  Kinyamungu C a r b o n a t i t e  i n  t h e  b r e c c i a  

show.

3 .  SUI#IARY OF AGE RELATIONS.

The p e t r o l o g i c a l  d e s c r i p t i o n s  i l l u s t r a t e  one o f  t h e  b i g g e s t  

p rob lem s  i n  d e t e r m i n i n g  age  r e l a t i o n s  b e tw e e n  d i f f e r e n t  t y p e s  and  

e p i s o d e s  o f  c a r b o n a t i t e .  The r o c k  t y p e  i s  n o t  n e c e s s a r i l y  e v i d e n c e  

o f  th e  p h a s e  o f  a c t i v i t y  t o  w h ich  t h e  c a r b o n a t i t e  b e l o n g s ,  b o t h  

b e c a u se  t h e  form t h a t  c r y s t a l l i z a t i o n  h a s  t a k e n  d e p e n d s  on l o c a l  

c o n d i t i o n s ,  and  b e c a u s e  r e c r y s t a l l i z a t i o n  o f  t h e  c a r b o n a t e  h a s  o f t e n  

m o d i f i e d  o r  d e s t r o y e d  t h e  o r i g i n a l  t e x t u r e  and  g r a i n - s i z e .  However,  

i t  i s  p o s s i b l e  t o  e s t a b l i s h  age  r e l a t i o n s  b e tw e e n  t h e  c a r b o n a t i t e  

g ro u p s  and so m e t im e s  w i t h i n  them .
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A l l  t h e  c a r b o n a t i t e s  fo un d  on Hangwa p o s t - d a t e  b o t h  t h e  

a g g l o m e r a t e s  and  t h e  T u f f  G rou p .  T h i s  i s  c l e a r  f o r  two r e a s o n s ;  

v e ry  few c a r b o n a t i t e  f r a g m e n t s  o c c u r  i n  t h e  p y r o c l a s t i c s ,  and 

t h e s e  c o u l d  w e l l  be  f rom an  e a r l i e r  c a r b o n a t i t e  c e n t r e  w h ich  was 

b r o k e n  up by  t h e  d r i l l i n g  o f  t h e  p y r o c l a s t i c  v e n t .  S m a l l  

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

g ro u p s  o f  p y r o c l a s t i c s  a l i k e .  I t  w i l l  be  shown i n  t h e  s e c t i o n  on 

s t r u c t u r e  t h a t  t h e  d y k e s  and c o n e s h e e t s  p o s t - d a t e  t h e  main 

s u b s i d e n c e  a l s o .

W i t h i n  t h e  s m a l l  d y k e s  and c o n e s h e e t s ,  t h e r e  were s e v e r a l  

p h a s e s  o f  i n t r u s i o n ,  a l t h o u g h  t h e  n o r m a l  r o c k  t y p e  d oes  n o t  v a r y  

much. W hereve r  r a d i a l  d y k e s  and  c o n e s h e e t s  c r o s s ,  t h e  dyke a lw a y s  

c u t s  t h e  c o n e s h e e t ;  some o f  them a r e  m u l t i p l e ,  b u t  none o f  t h e s e  

were fou n d  w h ic h  showed c r o s s c u t t i n g  r e l a t i o n s h i p s .  The f a c t  t h a t  

r a d i a l  d y k e s  n o r m a l l y  s u c c e e d  c o n e s h e e t s  i s  w e l l - d o c u m e n t e d  a t  

o t h e r  a l k a l i n e  c e n t r e s  ( T o r o r o ,  W i l l i a m s  1 9 5^ ;  C h i lw a ,  Ga r s o n  and 

Campbell  S m i th  193# and  T u n d u lu ,  Ga r s o n  1 9 6 2 ) .  The l a r g e  dykes  

on I k i w a t h i  w ere  i n t r u d e d  a t  some s t a g e  d u r i n g  t h e  c o n e s h e e t  and  

dyke i n t r u s i o n s ,  s i n c e  t h e y  b o t h  c u t  and  a r e  c u t  by them.

The E '^ io jan g o  B r e c c i a  i n c l u d e s  f r a g m e n t s  o f  t h e  s m a l l  d y k e s  

and c o n e s h e e t s ,  a n d ,  a s  one a p p r o a c h e s  t h e  a r e a  o f  b r e c c i a t i o n  on 

I k i w a t h i ,  one  o f  t h e  l a r g e r  d y k e s  c a n  be s e e n  i n  t h e  p r o c e s s  o f  

d i s i n t e g r a t i o n .  Compared w i t h  t h e  l a r g e  number t h a t  o c c u r  

im m e d ia te ly  o u t s i d e  i t ,  few s m a l l  d y k e s  o r  c o n e s h e e t s  c u t  t h e
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Ekiojango^Breccia or Carbonatite, and the ones that do belong to 
the red-brown type, which occurs mostly within Nyakirangacha.
So the Ekiojango Breccia and, by implication, the Ekiojango 

Carbonatite, are later than the majority of the small dykes and 

conesheets. This is an unusual order of intrusion, since normally 

the large intrusions precede the small ones (King and Sutherland 

i 9 6 0 ) .  However, the order possibly fits in well with the sequence 

of events which occurred at the centre.

The emplacement of the Ekiojango Carbonatite happened in two 

distinct stages. The carbonatite was intruded as a ring-shaped 

body, causing extensive alteration to fine-grained felspar in the 

wall rock. Then both the carbonatite and the wall rock were 

brecciated together. So much is clear from the field relations and 

petrography, but each stage may well have had several episodes, and 

there is no indication whether any brecciation occurred with the 

intrusion or not.

That the Kinyamungu Carbonatite post-dates the Ekiojango one 

is harder to prove, and can only be shown at a few exposures. In 

the Kinyamungu Breccia at the base of Engima, there are large 

fragments of Ekiojango Carbonatite. Again, on Eriauruma, Kinyamungu 

Carbonatite can be seen to displace and brecciate Ekiojango 

Carbonatite. The latter evidence is doubtful, as most of the 

carbonatite on Eriauruma is of a transitional type, but in general, 

finer-grained carbonatite post-dates coarser carbonatite. Crystals
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of the Ekiojango Garbonatite are often out and separated from one 

another by finer-grained carbonate, and the Kinyamungu Garbonatite 

contains "phenocrysts" of coarse-grained carbonate, but this is 

not conclusive either, as the carbonate could have recrystalli&ed 

under different conditions. The order established for Rangwa 

occurs on Huri also, where fine-grained magnetite-rich carbonatite 

is often seen to cut a coarser type (personal communication,

Mr. B. Collins).

In thin section, it is difficult to see different phases 

within the Kinyainungu Garbonatite, but in the field it can be shown 

that there were several phases of intrusion, often accompanied by 

brecciation, carbonation and alteration to coarse felspar.

Sometimes, a sequence of several intrusions can be seen at one 

exposure, and the breccia frequently contains fragments of Kinyamungu 

Garbonatite. The breccia and carbonatite form an oval composite 

mass, whose boundary roughly coincides with the steepening of the 

slope round the edge of Nyakirangacha.

Small red-brown conesheets and dykes were the last carbonatitic 

episode on Rangwa. Again the dykes cut the conesheets. They 

represent waning carbonatite activity, as very few of them were 

found, and they seldom extend beyond the bounds of the Kinyamungu 

Carbonatite and Breccia.
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4 .  STRUCTURE.

Each o f  t h e  m ain  c a r b o n a t i t e  g r o u p s  h a s  a  s t r u c t u r a l  u n i t y  

o f  i t s  own, and  t h e  s t r u c t u r e  and  e v e n t s  which  c a u s e d  them c a n  be  

s e p a r a t e d .

A. THE SHALL CONESHEETS AND DYKES.

The d i p s  and  s t r i k e s  o f  o v e r  200 s m a l l  c a r b o n a t i t e  c o n e s h e e t s  

and dykes  w ere  m e a s u r e d ,  and  t h e  s t r u c t u r a l  p a t t e r n  o r  l a c k  o f  

p a t t e r n  i s  o f  g r e a t  i n t e r e s t ,  s i n c e  i t  can  be  compared  w i t h  t h a t  

o b t a i n e d  by o t h e r s  who have  worked  on t h e  s t r u c t u r a l  p a t t e r n  c a u s e d  

by c o n e s h e e t s  and  d y kes  (A n d e rso n  193&, Von Eckermann 1948 and  1 9 3 8 ,  

and G arson  1 9 3 8 ,  1939 and  1 9 0 2 ) .  I t  c a n  be e s t a b l i s h e d  t h a t  most  

o f  t h e  dyk es  and  c o n e s h e e t s  on Rangwa r a d i a t e  f rom  t h e  v i c i n i t y  

o f  N y a k i r a n g a c h a .  The c o n e s h e e t s  d i p  i n w a r d s  a t  a n g l e s  o f  b e tw e e n  

3^ and 3 3 ° ,  an d  t h e  d y k e s ,  whose d i p  i s  se ld om  more t h a n  13° from 

th e  v e r t i c a l ,  s t r i k e  t o w a r d s  t h e  c e n t r e  o f  Rangwa ( F i g u r e s  27 and 28 )  

The s t e r e o g r a m  on w h ic h  t h e  d i p s  and s t r i k e s  o f  a l l  t h e  s m a l l  

c a r b o n a t i t e  i n t r u s i o n s  on Rangwa a r e  p l o t t e d  shows t h a t  most  o f  them 

f i t  i n t o  t h e s e  two t y p e s ,  and  t h a t  t h e r e  a r e  few i n t e r m e d i a t e  o n e s  

(F ig u r e  2 9 ) .  On F i g u r e  2 7 ,  a l l  t h e  c o n e s h e e t s  a r e  p l o t t e d  a t  t h e i r  

c o r r e c t  d i s t a n c e s  and  h e i g h t s  from t h e  p r o b a b l e  c e n t r e ,  and t h e i r  

d ip s  a r e  e x t e n d e d  t o  t h e  c e n t r e  l i n e  w i t h o u t  r e g a r d  t o  any ch an g e  

o f  d ip  w h ich  may o c c u r  a t  d e p t h .  On t h i s  b a s i s ,  t h e  i n f e r r e d  d e p t h s  

o f  t h e  f o c i  f rom w h ich  t h e  c o n e s h e e t s  o r i g i n a t e d  v a r y  b e tw e e n
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2 ,5 0 0 ft. below sea level to 5 ,0 0 0  ft. above sea level, with a 

peak occurring between 1,000 ft. and 4,000 ft. The dips measured 

in the field do not change with the distance of the exposures from 

the centre.

Since most of the carbonatite dykes and conesheets are of 

broadly similar rock type, which does not vary vd_th the inferred 

levels from which they were emplaced, it is thought that they were 

all intruded in one related series of events. The fact that there 

is not more than one concentration of projections along the centre 

line could mean that the conesheets are all related to one focus.

It is unlikely that the extensive scatter was caused by later 

disruption of the pyroclastics into which the conesheets were 

intruded, as no evidence for this was found. It is probable that 

the scatter was caused partly by local distortion of dips, influenced 

by the inward-dipping pyroclastics. The courses followed by the 

conesheets which intrude the Bedded Tuff are rarely straight, as they 

sometimes follow the bedding, and sometimes move from bed to bed.

A further reason for the scatter may be that the conesheets were 

intruded from many different levels.

If the conesheets did in fact originate from different levels, 

it can be explained in terms of the volcanic events at the 

nephelinite vent which probably existed on the site of Nyakirangacha. 

It will be shown in Part 3 that the main nephelinite vent was from 

time to time, blocked by carbonatite, and it is suggested that
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conesheets were intruded at times when the vent was blocked.

The radial dykes are nearly always later than the conesheets, 
a phenomenon which is observed at Alno (von Eckermann 1948 and 

1 9 5 8), Chilwa (Garson and Campbell omith 1958), and Tundulu (Garson 
1 9 6 2), and are presumably the result of late radial pressure.

The pattern of carbonatite conesheets and radial dykes on 
Rangwa is the main proof that the subsidence and steepening of the 
dips in the pyroclastics happened prior to the intrusion of the 
small carbonatite conesheets. Figure 30 shows the greatest and 
smallest dips measured in the carbonatite conesheets and the 

equivalents of these if the conesheets had been intruded before the 
steepening. If that had happened, many of the conesheets would have 

dipped outwards from their centre of origin, and most of the rest 

would have dipped inwards at a low angle, an impossibility if the 

conesheets are filling tension cracks caused by pressure from below.

3. THE EKIOJAEGQ GARBONATITE AND BRECCIA.

The Ekiojango Carbonatite and Breccia have the form of an 

irregular ring dyke. Anderson (1938) supposed that most ring dykes 
delimit areas of subsidence, as in the case of the Loch Ba Felsite 

on Hull, which has been intruded along a fault plane with a throw 

of at least 3,000 ft. However, it is unlikely that subsidence 
occurred within some large ring dykes (Richey and Thomas 1930, p 211) 

None can be proved along the line of the Elciojango Carbonatite and
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Breccia.
The d e s c r i p t i o n s  have shown t h a t  t h e r e  i s  no c l e a r c u t  b o u n d a ry  

between t h e  b r e c c i a  and t h e  c a r b o n a t i t e ,  and much o f  t h e  b r e c c i a t i o n  

o c c u r r e d  a f t e r  t h e  i n t r u s i o n  o f  t h e  c a r b o n a t i t e .  Both  a r e  c u t  by 

many c r o s s - c u t t i n g  v e i n s  o f  c a r b o n a t e  and f e l s p a r ,  which  have a 

h a p h aza rd  a r r a n g e m e n t ,  and i t  i s  l i k e l y  t h a t  s e v e r a l  p h a s e s  o f  

b r e c c i a t i o n  o c c u r r e d .  The r o c k s  w i t h i n  t h e  r i n g  o f  t h e  E k io ja n g o  

G a r b o n a t i t e  and B r e c c i a  a r e  m a in ly  o f  l a t e r  o r i g i n  t h a n  th e  

p y r o c l a s t i c s  o u t s i d e  them, and any c o m p a r a t i v e l y  u n a l t e r e d  f r ag m e n t  

i n  t h e  Kinyamungu B r e c c i a  i s  o f  v o l c a n i c  o r  s u b v o l c a n i c  m a t e r i a l ,  

q u i t e  d i f f e r e n t  from t h e  f r a g m e n t s  i n  t h e  p y r o c l a s t i c s .

The E k io j a n g o  B r e c c i a  c o n t a i n s  f r a g m e n ts  o f  b o t h  t h e  

p y r o c l a s t i c s  and  new i g n e o u s  m a t e r i a l ,  and a s  a  v e n t  i s  t h o u g h t  to  

have o c c u p i e d  t h e  c e n t r a l  p a r t  o f  Rangwa (pp 235 ) t h e  f r a g m e n t s  

i n  th e  B r e c c i a  may have  come from b o t h  t h e  v e n t  and i t s  w a l l .  S i n c e  

t h e  c a r b o n a t i t e  and B r e c c i a  have t h e  form o f  a  r i n g ,  i t  i s  p o s s i b l e  

t h a t  c a r b o n a t i t e  was f o r c e d  up t h e  edge o f  t h e  v e n t  a t  t im e s  when 

the  v e n t  was p l u g g e d ,  and t h a t  b r e c c i a t i o n  was c a u s e d  by s u b s e q u e n t  

a c t i v i t y  a t  t h e  v e n t .

C. THE KINYAI-lUNGU CARBONATITE Â1VÛ BRECCIA.

The Kinyamungu g ro u p  forms an o v a l  body ,  whose b oundary  i s  

p ro b a b ly  n e a r l y  v e r t i c a l .  The b r e c c i a  has  a  m a t r i x  o f  c a r b o n a t i t e  

s i m i l a r  t o  t h e  main  c a r b o n a t i t e ,  w h ich  h a s  se ldom been  b r e c c i a t e d .
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Most o f  t h e  ICinyaiiiungu C a r b o n a t i t e  i s  banded;  t h e  d i p s  o f  t h e  b a n d s ,  

which a r e  composed m a in ly  o f  o r e ,  a r e  g e n e r a l l y  w i t h i n  15° o f  t h e  

v e r t i c a l ,  a nd ,  s t r i k e s  m easu red  on t h e  s p o r a d i c  e x p o s u r e s  a re  

c o n c e n t r i c  a ro u n d  a  c e n t r e ,  which  shows no e x p o s u r e ,  s e v e r a l  h u n d r e d  

y a rd s  w es t  o f  Kinyamungu.  Near  t h i s  c e n t r e ,  t h e  b a n d in g  t e n d s  to  

d ip  i n w a r d s ,  and  n e a r  t h e  b o u n d a ry  o f  t h e  c a r b o n a t i t e ,  i t  d i p s  

o u tw a rd s .  E x ce p t  f o r  t h e  b r e c c i a  i t  c o n t a i n s  and  g r a d e s  i n t o ,  and 

th e  a r e a s  i n  which  i t  i s  i n v o l v e d  w i t h  E k io ja n g o  C a r b o n a t i t e ,  t h e  

Kinyamungu C a r b o n a t i t e  i s  f a i r l y  homogeneous, and no i n t e r n a l  

b o u n d a r i e s  were  fo un d ;  t h e  u p p e r  s u r f a c e  o f  t h e  c a r b o n a t i t e  i s  

i r r e g u l a r ,  a s  t h e  l e v e l  o f  t h e  c o a t i n g  o f  b r e c c i a ,  where i t  i s  

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

c a r b o n a t i t e  was em placed  a s  one body o r  a s  a  s e r i e s  o f  d y k e s .

The c e n t r a l  c a r b o n a t i t e  p lu g  a t  T ororo  (W i l l i a m s  1 9 5 2 ) ,  which  

i s  v e ry  much b e t t e r  e x p o se d ,  h a s  t h e  same s o r t  o f  b a n d in g  a s  t h e  

Kinyanungu C a r b o n a t i t e .  Near  t h e  m id d le  t h e  ban ds  d ip  in w a rd s  a t  

a ve ry  h i g h  a n g l e ,  and f u r t h e r  o u t  t h e  a n g le  d e c r e a s e s .  W i l l i a m s  

supposed  t h a t  t h e  i n n e r  p a r t s  were em placed  f i r s t ,  and t h a t  t h e  

o u t e r  ba n d s  were  p u sh e d  a l o n g  t h e  b o u n d a ry  be tw een  t h e  i n n e r  

c a r b o n a t i t e  and  t h e  w a l l  a s  " c o l l a r s " .  Such a  c l e a r  p i c t u r e  c a n n o t  

be o b t a i n e d  on Rangwa, b u t ,  b e c a u s e  t h e  c a r b o n a t i t e  som etim es 

o u t c r o p s  a s  i r r e g u l a r  dykes  s e p a r a t e d  by b r e c c i a ,  and som etim es  a s  

l a r g e ,  a p p a r e n t l y  homogeneous m asse s  ( a s  on Kinyamungu i t s e l f ) ,  i t  

i s  t h o u g h t  l i k e l y  t h a t  t h e  Kinyamungu C a r b o n a t i t e  i s  a  l a r g e  body.



178.

which s p l i t s  i n t o  t o n g u e s  a t  t h e  t o p ;  b o t h  t h e s e  p h a s e s  a r e  

v i s i b l e  a t  t h e  p r e s e n t  e r o s i o n  l e v e l .

Some l a t e  f a u l t s ,  m a in ly  to  t h e  w es t  o f  N y a k i r a n g a c h a ,  c u t  

b o th  t h e  E k io j a n g o  and Kinyamungu C a r b o n a t i t e s  and form c l e a n  s c a r p s  

( p l a t e  1 3 4 ) .  Host  o f  them a r e  r a d i a l  to  t h e  c e n t r e  o f  Rangwa, and 

sometimes t h e r e  a r e  p e r s i s t e n t  j o i n t s  p a r a l l e l  t o  them. The t y p e s  

o f  c a r b o n a t i t e  and b r e c c i a  a r e  so mixed t h e r e  t h a t  i t  i s  n o t  p o s s i b l e  

to  d e t e r m i n e  t h ro w s  on t h e  f a u l t s .

3 . MODE OF ORIGIN.

The s m a l l  c o n e s h e e t s  and dykes  o f  c a r b o n a t i t e  show an 

o bv ious  i n t r u s i v e  r e l a t i o n s h i p  to  t h e  p y r o c l a s t i c s .

B ecause  i t  o c c u r s  w i t h i n  t h e  i n t e n s i v e l y  b r e c c i a t e d  E k io j a n g o  

Group, t h e  Kinyamungu C a r b o n a t i t e  does  n o t  o f t e n  have c l e a r  c o n t a c t s .  

However, on E r ia u ru m a ,  l a r g e  i r r e g u l a r  t o n g u e s  o f  c a r b o n a t i t e  i n t r u d e  

p r e v i o u s l y  formed b r e c c i a  ( p l a t e s  170 and I 7I ) .  M oreover ,  c a r b o n a t i t e  

forms a m a t r i x  f o r  t h e  b r e c c i a  t h a t  i s  a s s o c i a t e d  w i th  i t .  The 

band ing  t h a t  o c c u r s  i n  t h e  Kinyamungu C a r b o n a t i t e  i s  n o t  i n  i t s e l f  

a c r i t e r i o n  o f  emplacement  a s  a  l i q u i d ,  s i n c e  i t  c a n n o t  be p r o v e d  

t h a t  i t  i s  due t o  magmatic  f lo w .  The e v id e n c e  from E r ia u ru m a ,  where 

the  t o p s  o f  some o f  t h e  t o n g u e s  o f  c a r b o n a t i t e  have been  b ro k en  o f f  

( p l a t e  1 7 2 ) ,  s u g g e s t s  t h a t ,  a t  any r a t e  ro u n d  t h e  e d g e s ,  p a r t s  o f  

th e  Kinyamungu C a r b o n a t i t e  have been moved a f t e r  s o l i d i f i c a t i o n .

B e ing  i t s e l f  b r e c c i a t e d  and mixed w i t h  f r a g m e n ts  o f  c a r b o n a t e d
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and felspathised breccia, all the Ekiojango Carbonatite must have 

reached its present position after it solidified; in deciding 

whether it v;as originally emplaced as a liquid, a distinction must 

be drawn between the actual carbonatite, a coarse white rock, rich 

in mica and apatite and frequently banded, and the carbonated breccia 

fragments, which are composed of far finer-grained carbonate, with 

some felspar, and which sometimes retain relic textures from the 

pyroclastics. Even for the true carbonatite there is no direct 

evidence of liquid emplacement, but the banding and typical 

assemblage of accessory minerals can be compared with that of 

carbonatite which originated as a. liquid from other localities.

From what s o r t  o f  l i q u i d  d i d  many o f  t h e  c a r b o n a t i t e s  

c r y s t a l l i z e ?  N e a r l y  a l l  t h e  c a r b o n a t e  i s  c a l c i t e ,  e x c e p t  f o r  some 

a n k e r i t e  i n  t h e  l a t e  r e d - b r o w n  d y k e s ,  b u t  even  i n  t h e s e  c a l c i t e  

p r e d o m i n a t e s .  Som etim es ,  e s p e c i a l l y  i n  t h e  " p o r p h y r i t i c "  dykes  on 

I k i w a t h i ,  and i n  t h e  E k io j a n g o  G a r b o n a t i t e  (HF 3 1 4 ) ,  which have b e e n  

proved  by s t a i n i n g  and X - r a y  d i f f r a c t i o n  to  c o n s i s t  e n t i r e l y  o f  

c a l c i t e ,  l a r g e  e u h e d r a l  c r y s t a l s  o f  c a l c i t e  a r e  rimmed by 

n o n c r y s t a l l i n e  r e d  and  brown m a t e r i a l ,  which  may p e n e t r a t e  a lo n g  t h e  

c le a v a g e  p l a n e s .  I t  i s  s u g g e s t e d  t h a t  t h e s e  a r e  a k i n  to  th e  

e x s o l u t i o n  t e x t u r e s  d e s c r i b e d  from L oo lekop  by Verwoerd ( I 9 6 6 ) ,  and 

s i m i l a r  t o  t h e  pseudom orphs  a f t e r  s i d e r i t e  and a n k e r i t e  found i n  

th e  c a r b o n a t i t e  a t  t h e  s e co n d  c e n t r e  a t  T undu lu  (G arson  1962) and 

a t  many o t h e r  l o c a l i t i e s .  T h i s  i m p l i e s  t h a t  t h e  o r i g i n a l  d o lo m i t e
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or  a n k e r i t e  c r y s t a l s  were i n c l u d e d  i n  a  p r e d o m i n a n t l y  c a l c i t i c  

l i q u i d ,  w h ich  a lw ays  c o o le d  on t h e  c a l c i t e  s i d e  o f  t h e  s o l v u s  c u rv e  

be tw een  c a l c i t e  and t h e  s o l i d  s o l u t i o n  s e r i e s  b e tw ee n  d o lo m i t e  and 

a n k e r i t e  ( G o ld s m i th  and Heard  I 9 6 0 ) .  P r o b a b ly  t h e  s t r e a k s  o f  brown 

n o n c r y s t a l l i n e  m a t e r i a l  which  o c c u r  b e tw ee n  t h e  c a r b o n a t e  c r y s t a l s  

i n  t h e  s m a l l  dykes  and c o n e s h e e t s  and i n  t h e  Kinyamungu C a r b o n a t i t e  

r e p r e s e n t  i r o n  and magnesium e x s o l v e d  d u r i n g  c o o l i n g  from c a l c i t e  

which c o u ld  n o t  accommodate them a t  l o w e r  t e m p e r a t u r e s .

vHiat e l s e  d i d  t h e  c a r b o n a t i t e  l i q u i d  c o n t a i n  b e s i d e s  l i n e ,  

c arbon  d i o x i d e ,  and a  l i t t l e  m a g n e s ia  and i r o n ?  N i g g l i  (1937 i n  

W yl l ie  and T u t t l e  I 98O) e s t a b l i s h e d  t h a t  c a r b o n a t e  would be m o l te n  

a t  c o m p a r a t i v e l y  low t e m p e r a t u r e s  i f  i t  c o n t a i n e d  a t  l e a s t  ^0% o f  

sodium and p o t a s s i u m  c a r b o n a t e ,  and some o f  t h e  e a r l y  p r o t a g o n i s t s  

o f  a c a r b o n a t i t e  magma (von Eckermann 1948)  assumed t h a t  th e  o r i g i n a l  

magma d id  c o n t a i n  l a r g e  a n o u n t s  o f  p o t a s s i u m  c a r b o n a t e ,  which  was 

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

W yll ie  and T u t t l e  ( I 9ÔÛ) showed t h a t  a  c a r b o n a t e  l i q u i d  can  e x i s t  

a t  p r e s s u r e s  o f  b e tw een  27 and 4 ,0 0 0  b a r s ,  a t  t e m p e r a t u r e s  o f  

683° -  640° C, p r o v i d e d  t h a t  i t  c o n t a i n s  e x c e s s  w a t e r  and c a rb o n  

d i o x i d e .  A l l  t h e  c a r b o n a t i t e s  on Rangwa c au se  f e l s p a t h i s a t i o n ,  and 

o r t h o c l a s e  o r  homogeneous s o d a - p o t a s h  f e l s p a r  i s  t h e  most common 

f e l s p a r  t o  form. T h is  p r o c e s s  h a s  b e e n  f o l lo w e d  a t  t h e  edges  o f  t h e  

sm a l l  c o n e s h e e t s  and dykes  from a  r o c k  t h a t  c o n t a i n s  a  l i t t l e  p o t a s h  

f e l s p a r  t o  one t h a t  c o n s i s t s  a lm o s t  e n t i r e l y  o f  i t ,  and i t  must
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i n v o l v e  an i n c r e a s e  i n  p o t a s h ,  which c o u ld  o n ly  come from t h e  

c a r b o n a t i t e .  So i t  i s  r e a s o n a b l e  to  assume t h a t  t h e  c a r b o n a t i t e  

l i q u i d  d i d  c o n t a i n  some a l k a l i n e  c a r b o n a t e s .  W ater  was p r o b a b l y  

p r e s e n t  i n  t h e  magma t o o ,  and i t  seems t h a t  v a r i a t i o n s  i n  t h e  w a t e r  

c o n te n t  m igh t  a c c o u n t  f o r  t h e  d i f f e r e n t  t e x t u r e s  i n  t h e  c a r b o n a t i t e s  

and a s s o c i a t e d  b r e c c i a s  o f  t h e  E k io j a n g o  and Kinyamungu G ro up s .

V a r i a t i o n s  i n  w a t e r  c o n t e n t  o f  t h e  magma m igh t  a l s o  e x p l a i n  

th e  d i f f e r e n t  modes o f  o c c u r r e n c e  and forms o f  b r e c c i a t i o n  a s s o c i a t e d  

w i th  t h e  two g r o u p s  o f  c a r b o n a t i t e  ( F i g u r e  2 6 ) ;  f o r  example ,  l a r g e ,  

s u b h e d r a l  homogeneous p o t a s h - s o d a  f e l s p a r  ha s  formed i n  t h e  

Kinyamungu B r e c c i a ,  w h e rea s  s m a l l ,  c lo u d y  f e l s p a r s  o c c u r  i n  t h e  

E k io jan g o  B r e c c i a ;  t h e  fo rm er  h a s  a  m a t r i x  o f  c a r b o n a t i t e  which h as  

f lowed r o u n d  t h e  f r a g m e n t s ,  and t h e  l a t t e r  s c a r c e l y  has  a  m a t r i x .

The Kinyamungu G a r b o n a t i t e  som etim es  p e n e t r a t e s  i t s  w a l l r o c k  i n  

long  t o n g u e s ,  w i t h o u t  c a u s i n g  b r e c c i a t i o n ,  w h e reas  t h e  E k io ja n g o  

G a r b o n a t i t e  i s  a lw ay s  a s s o c i a t e d  w i t h  b r e c c i a t i o n .  I f  t h e  

d i f f e r e n c e s  b e tw ee n  t h e  two t y p e s  o f  c a r b o n a t i t e  a r e  c au sed  by a  

s l i g h t  d i f f e r e n c e  i n  t h e  w a t e r  c o n t e n t  o f  t h e i r  magmas, th e  

o c c u r r e n c e  o f  g r a d a t i o n a l  t y p e s  o f  c a r b o n a t i t e ,  a s  on E r ia u ru m a ,  i s  t o  

be e x p e c t e d  b e c a u s e  o f  v a r i a t i o n s  i n  l o c a l  c o n d i t i o n s  a t  t h e  t im e  

o f  f o r m a t i o n ,  and t h e  a p p a r e n t  anomaly o f  o c c a s i o n a l  r e v e r s e d  age 

r e l a t i o n s  b e tw e e n  t h e  two g r o u p s  can  be e x p l a i n e d  i n  t h e  same way.

A l th o u g h ,  u n l i k e  some c o m p le x e s ,  Chilwa f o r  exam ple ,  th e  

c a r b o n a t i t e s  on Rangwa do n o t  show a marked t r e n d  o f  d i f f e r e n t i a t i o n ,
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each group carries a characteristic assemblage of accessory minerals. 

The Kiako Garbonatite and, possibly, the carbonatite which once 

existed in the middle of the alkaline plutonic complex, contain 

aegirine and magnetite, the Ekiojango Carbonatite contains phlogopite, 

and the Kinyamungu Garbonatite, magnetite, pyochlore and a little 

phlogopite. All carry felspar and apatite; the Ekiojango Garbonatite 

is especially rich in apatite.

Phosphate was evidently one of the components of the original 

liquid, since more than one generation of apatite is often found.

For example, in the Ekiojango Garbonatite, apatite crystallized both 

early and late; the early phase is partly resorbed by the carbonate, 

and the late phase, which is found in veins, crystallized from the 

residual solutions. Of the other minerals, some have been altered 

by the carbonate, and some are not in equilibrium with it. The 

aegirine is partly carbonated and altered to ore. The phlogopite, 

which possibly originated as biotite, is cloudy, especially in the 

Kinyanungu Garbonatite, and its cleavage flalces are bent and often 

broken. Occasionally even the magnetite is partly replaced by 

carbonate. It is not certain how many of these alterations are 

later changes, but many of the minerals have the appearance of 

xenocrysts. Most of them are probably from the subvolcanic mineral 

assemblage at the time the carbonatite which contains them was 

emplaced; the felspar may represent altered and broken-up fragments 

of wall-rock, or it may have crystallized from the carbonatite liquid.
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F i n a l l y ,  a l t h o u g h  th e  c a r b o n a t i t e  i s  c l o s e l y  a s s o c i a t e d  vd.th 

a l t e r e d  a l k a l i n e  s i l i c a t e s ,  why i s  t h e r e  no g r a d a t i o n  i n  c o m p o s i t i o n  

and t e x t u r e  b e tw e e n  c a r b o n a t i t e  and a l k a l i n e  s i l i c a t e s ?  The 

e x p e r i m e n t a l  work o f  K o s t e r  van  G roos  and W y l l i e  ( I 9 6 3 ) h i n t s  a t  

an answ er ;  i n  t h e  e x p e r i m e n t a l  sy s te m  a l b i t e - s o d i u m  c a r b o n a t e ,  w i t h  

10% w a t e r  a d d e d ,  t h e  a l b i t e  and  sodium c a r b o n a t e  m e l t s  were found  

to  be i m m i s c i b l e  a t  t e m p e r a t u r e s  o f  o v e r  o30° C a t  a p r e s s u r e  o f  

1 ,000  b a r s .  So p o s s i b l y  a l k a l i n e  s i l i c a t e  and c a r b o n a t e  m e l t s  o f  

o t h e r  c o m p o s i t i o n s  a r e  i m m i s c i b l e  a t  magmatic  t e m p e r a t u r e s .
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IX

LATE ALKALINE DYKES

The r o c k s  t h a t  a r e  d e s c r i b e d  i n  t h i s  c h a p t e r  a r e  o f  s e v e r a l  

d i s t i n c t  t y p e s ,  a nd ,  as  was e x p l a i n e d  i n  t h e  i n t r o d u c t i o n  t o  

Chap te r  VI, some o f  them can  be  p r o v e d  t o  be  l a t e r  t h a n  a l l  t h e  

o t h e r  a l l c a l i n e  r o c k s  by t h e i r  c r o s s - c u t t i n g  r e l a t i o n s h i p s ,  w h e rea s  

o t h e r s  a r e  t h o u g h t  t o  be  l a t e  by i n f e r e n c e .  Dykes o f  some o f  t h e s e  

ty p e s  have  b e e n  found  on H u s in g a  and Mfwangano (Kent  1936 and 1944,  

McCall 1 9 3 8 , S h a c k l e t o n  1931 and W h i tw o r th  1 9 3 8 ) ;  t h e y  w i l l  be 

m e n t io n ed ,  b u t  sp e c im e n s  o f  them were  n o t  c o l l e c t e d  d u r i n g  th e  

p r e s e n t  work .

Rocks o f  t h e s e  t y p e s  were  f o u n d : -

1.  P h o n o l i t e .

2 .  L am p ro p hy res .

3 . F e l s p a t h i s e d  i j o l i t e .

4 .  C e l lo p h a n e  r o c k .

3 . C o n c r e t i o n a r y  C a r b o n a t e .

6. L a t e  h y d r o t h e r m a l  v e i n i n g .

1. DISTRIBUTION.

S i n c e  t h e  dykes  a r e  se ldom  more t h a n  10 cm t h i c k ,  t h e y  were 

found o n ly  where  t h e  r o c k s  t h e y  c u t  a r e  e x p o se d ;  so  t h e  o u t c r o p  

p a t t e r n ,  th o u g h  w i d e - r a n g i n g ,  i s  n e c e s s a r i l y  f a r  from c o m p le t e .

One p h o n o l i t e  dyke was fo u n d ,  s t r i k i n g  n o r t h - e a s t  s o u t h - w e s t
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on Kiawindo (RFP 9 6 ) ;  a  l o o s e  b l o c k  01 p h o n o l i t e  was c o l l e c t e d  

from Kialco (HFP 1 3 7 ) ,  and  a n o t h e r  from n e a r  t h e  c o n t a c t  b e tw ee n  t h e  

basement  and  v o l c a n i c s  s o u t h - w e s t  o f  K iaw ind o .

Most o f  t h e  l a t e  dyk es  i n  t h e  Rangwa a r e a  a r e  c o n s i d e r e d  t o  

be l a m p r o p h y r e s  o f  v a r i o u s  s o r t s .  They c u t  t h e  p y r o c l a s t i c s ,  e a r l y  

p l u t o n i c s ,  ba sem e n t  and  v o l c a n i c s ,  and  t h e y  were  found a t  t h e s e  

l o c a l i t i e s .  Loose b l o c k s  o f  l a m p ro p h y re  were  c o l l e c t e d  from among 

th e  p y r o c l a s t i c s  t o  t h e  w e s t  o f  Manganga (RF 4 2 ) .  A dyke c u t s  th e  

u n c o m p a h g r i t e  (RF 2 2 0 ) ,  and a n o t h e r  o c c u r s  among t h e  t a l u s  t o  t h e  

west  o f  t h e  u n c o m p a h g r i t e  (RFA 2 8 ) .  T hree  v e r t i c a l  dykes  o u t c r o p  

on Kiawindo (RFA 8 6 , RFA 87 and  RFA 8 9 ) ,  and  t h e y  a r e  c u t  by a  

c o n e s h e e t  w h ich  h a s  a  n o r t h - s o u t h  s t r i k e  and  d i p s  to w a rd s  t h e  c e n t r e  

o f  Rangwa a t  20°  ( p l a t e s  183  and I 8 6 ) .  Four  dykes  o f  lam p ro p h y re  

were found  on Kialco (RFP 6I ,  RFP 136,  RFP 139 and RFP l 6 4 ) ;  t h e s e  

cut  t h e  b a s e m e n t ,  f e l s p a r  r o c k ,  c a r b o n a t i t e  and n e p h e l i n e  s y e n i t e ,  

and t h e y  a l l  s t r i k e  t o w a rd s  t h e  c e n t r e  o f  Rangwa o r  s l i g h t l y  n o r t h  

o f  i t .  A dyke c u t s  t h e  n e p h e l i n i t e  l a v a  300  f t .  above i t s  b a s e  on 

K io d ig a ,  3 ?  m i l e s  s o u t h - e a s t  o f  Rangwa (RFP 3 ) .

])ykes o f  f e l s p a t h i s e d  i j o l i t e  a r e  c o n f i n e d  t o  Rangwa, where 

s i x  were f o u n d .  They c u t  b o t h  t h e  p y r o c l a s t i c s  and t h e  c a r b o n a t i t e s ,  

and t h e y  do n o t  seem t o  conform  t o  any s t r u c t u r a l  p a t t e r n .

One dyke o f  c e l l o p h a n e  r o c k  c u t s  t h e  b r e c c i a  n e a r  t h e  t o p  

of .Kum uthua;  i t  d i p s  5^ t o  t h e  n o r t h ,  a l t h o u g h  t h i s  may n o t  be i t s  

o r i g i n a l  d i p .



Plate 1^5. Dyke of lamprophyre intrusive into 
granite on Kiawindo.

Plate 186. Lamprophyre conesheet cutting lamprophyre 
dyke, intrusive into granite, on Kiawindo©
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, S e v e r a l  o c c u r r e n c e s  o f  b anded  and a p p a r e n t l y  c o n c r e t i o n a r y  

c a r b o n a t e  were  found  on and  a ro u n d  Rangwa,

2. DESCRIPTION OF THE ROCK TYPES.

A. PHONOLITE.

I n  hand  sp e c im e n ,  t h e  p h o n o l i t e  i s  s e e n  t o  have a  d a r k  g r e y  

m a t r i x ,  p a c k e d  w i t h  o r i e n t a t e d  f e l s p a r  l a t h s ,  w h ich  may be 3 cm 

lo n g ,  and  a r e  o f t e n  s p l i t  down Jche m i d d l e .  As w e l l  a s  t h e  f e l s p a r ,  

the  r o c k  c o n t a i n s  s u b h e d r a l  p h e n o c r y s t s  o f  h o r n b l e n d e  and py ro xen e  

which a r e  se ldom  more t h a n  2 mm l o n g ,  and t h e  m a t r i x  i s  v e ry  f i n e 

g r a i n e d  and f e l s p a t h i c .

The f e l s p a r  i s  e i t h e r  o r t h o c l a s e  o r  a n o r t h o c l a s e ; i n  RFP 96,  

where i t  i s  r e l a t i v e l y  f r e s h ,  i t  h a s  a  2 V o f  33° -  4 3 ° ,  and shows 

s im p le  t w i n n i n g  ( p l a t e  1 8 7 ) .  Imposed on t h i s  t h e r e  i s  e x t r e m e ly  

f i n e  m u l t i p l e  t w i n n i n g  on t h e  a l b i t e  l aw ,  and  o c c a s i o n a l l y  on t h e  

p e r i c l i n e  l a w .  I n  RFP 137 ,  o n l y  t h e  s i m p le  t w i n n i n g  i s  e v i d e n t ,  a s  

th e  m u l t i p l e  t w i n n i n g  i s  n o r m a l l y  o b s c u r e d  by c l o u d i n e s s .  The 

f e l s p a r  may be r e p l a c e d  p a t c h i l y  by c a l c i t e .

H o rn b len d e  i s  g e n e r a l l y  z o ned ,  and h a s  d a r k e r  e d g e s ;  i t  i s  

p l e o c h r o i c : -  Z = c h o c o l a t e  brown, Y = l i g h t  brown, X = b u f f .

Twinning i s  common. F r e q u e n t l y  t h e  d a r k e r  b o r d e r s  o f  t h e  c r y s t a l s  

c o n t a i n  t i n y  s p e c k s  o f  o r e  ( p l a t e  l 8 8 ) ,  and p r i s m s  o f  a p a t i t e  

sometimes o c c u r  w i t h i n  t h e  h o r n b l e n d e .



Plate 187- Euhedral potash felspar in phonolite. 
(RFP96). x23.

Plate 188. Euhedral zoned hornblende in phonolite. 
The phenocrysts at the bottom are partly altered 
pyroxenes. (RPP96). x55.
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P a l e  g r e e n  a e g i r i n e  a u g i t e  w i t h  d a r k e r  g r e e n ,  s l i g h t l y  

p l e o c h r o i c  b o r d e r s  o f  a e g i r i n e  forms s m a l l  p h e n o c r y s t s ,  a l t h o u g h

th e s e  a r e  l e s s  common and t e n d  t o  be more h i g h l y  a l t e r e d  t h a n  t h e

h o r n b l e n d e .  I n  RFP 137,  most  o f  t h e  p y r o x e n e s  a r e  pseudom orphed 

by s p e c k s  o f  o r e  and p a l e  n o n c r y s t a l l i n e  m a t e r i a l .  No u n a l t e r e d  

n e p h e l i n e  was found  e i t h e r  a s  p h e n o c r y s t s  o r  i n  t h e  g roundm ass .

S m a l l  p r i s m s  o f  a p a t i t e  o c c u r  a s  p h e n o c r y s t s  and a s  i n c l u s i o n s  

i n  b o t h  t h e  f e l s p a r  and h o r n b l e n d e  p h e n o c r y s t s .  I t  i s  n o r m a l ly  

e u h e d r a l .  E u h e d r a l  c r y s t a l s  o f  h o r n b l e n d e  may a l s o  be i n c l u d e d  i n  

th e  f e l s p a r  p h e n o c r y s t s .

E u h e d r a l  sp h e n e  and s u b h e d r a l  m a g n e t i t e  b o t h  o c c u r  a s  

a c c e s s o r i e s .

The m a t r i x ,  w h ich  composes a t  l e a s t  63% o f  t h e  p h o n o l i t e  i s  

h i g h l y  a l t e r e d .  I t  c o n s i s t s  o f  u n o r i e n t a t e d  n e e d l e s  o f  c lo u d y  

f e l s p a r  and c a r b o n a t e .  The f e l s p a r s  a r e  t o o  s m a l l  and a l t e r e d  t o  

a l lo w  t h e i r  o p t i c s  t o  be  d e t e r m i n e d ,  b u t  some o f  t h o s e  i n  RFP 96

show s i m p le  t w i n n i n g ,  and t h e y  a r e  t h o u g h t  t o  be o r t h o c l a s e .  No

n e p h e l in e  was found  i n  t h e  m a t r i x .

B. LAI'^IPRQPHYRES.

The r o c k s  i n  t h i s  c a t e g o r y  c o n t a i n  a  wide  v a r i e t y  o f  m i n e r a l s : -  

b i o t i t e ,  m a g n e t i t e ,  p e r o v s k i t e ,  s p h e n e ,  m e l a n i t e ,  a p a t i t e ,  p y r o x e n e ,  

h o rn b le n d e  and p r o b a b l e  pseudom orphs  a f t e r  m e l i l i t e  and n e p h e l i n e .  

These a l l  t e n d  t o  have  r a g g e d  and a l t e r e d  e d g e s ,  and t h e y  a r e  s e t  i n
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a m a t r i x  t h a t  i s  p r e d o m i n a n t l y  f i n e - g r a i n e d  d i r t y  brown c a r b o n a t e  

w i th ,  o c c a s i o n a l l y ,  s m a l l  amounts  o f  v e r y  f i n e  f e l s p a r .  They a r e  

c o n s i d e r e d  a s  a g r o u p ,  b e c a u s e  t h e y  have r e l a t e d  t e x t u r e s ,  modes 

o f  a l t e r a t i o n  and m i n e r a l  a s s e m b l a g e s .  B ecause  o f  t h e  l a r g e  amount 

o f  a l t e r a t i o n  and t h e  p o s s i b i l i t y  o f  u n r e c o g n i z e d  o r  m i s i d e n t i f i e d  

pseudom orphs ,  i t  i s  d i f f i c u l t  t o  g i v e  them s p e c i f i c  r o c k  names.  

N e a r ly  a l l  o f  them c o n t a i n  b i o t i t e  and p y ro x e n e  p h e n o c r y s t s  and 

pseudomorphs a f t e r  m e l i l i t e .  ,E xcep t  f o r  t h e  f a c t  t h a t  no o l i v i n e  

psuedomorphs were  f o u n d ,  t h e  m i n e r a l  a s s e m b la g e  and t e x t u r e  a r e  

th o se  fou n d  i n  a l n o i t e  ( J o h a n n s e n  1938 ,  Volume 4 pp 383  -  38? )  • 

A l though  b e l o n g i n g  t o  t h e  same s u i t e  o f  r o c k s ,  i n d i v i d u a l  dykes  

have modal  c o m p o s i t i o n s  which  a r e  t h o s e  o f  o t h e r  named t y p e s  o f  

l am p ro p h y re ;  some dykes  a r e  m i c a - f r e e  (RF 220 and RFP 8 9 ) ,  and 

have t h e  m odal  c o m p o s i t i o n s  o f  m e l i l i t e - f a s i n i t e s  ( Jo h a n n se n  1938,  

Volume 4 p 3 7 7 ) ,  (RFP 6 l  and RFP 8 6 ) ,  and  dykes  i n  which  brown 

h o r n b le n d e  p r e d o m i n a t e s  o v e r  p y ro x e n e  a r e  more a k i n  t o  f a r r i s i t e  

( J o h a n n se n  1938 ,  Volume 4 p 3 8 9 ) .

The l a m p r o p h y r e s  a r e  g r e y  o r  d a r k  g r e y  i n  hand spec im en ,  and 

a p a r t  from t r a i n s  o f  s m a l l  v e s i c l e s  f i l l e d  w i t h  z e o l i t e s  ( s p e c i a l l y  

i n  RFP 3 ) ,  t h e y  a r e  homogeneous and f i n e - g r a i n e d .  The h a rd  and 

m ass ive  a p p e a r a n c e  o f  t h e  r o c k  i m p l i e s  t h a t  v e r y  l i t t l e  o f  th e  

a l t e r a t i o n  t h a t  p e r m e a t e s  i t  i s  t h e  r e s u l t  o f  w e a t h e r i n g .  N orm al ly  

over  h a l f  t h e  r o c k  i s  m a t r i x  and  i n d e t e r m i n a t e  p seudom orphs ,  and 

u n o r i e n t a t e d  p h e n o c r y s t s ,  b o t h  u n a l t e r e d  and a l t e r e d ,  g e n e r a l l y  w i t h
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r a g g e d  e d g e s ,  and  n e v e r  more t h a n  .3  mm l o n g ,  a r e  s c a t t e r e d  t h r o u g h  

i t .

B i o t i t e  forms t h e  most  p r o m in e n t  p h e n o c r y s t s .  I t  i s  

p l e o c h r o i c  f rom brown t o  p a l e  y e l l o w ,  and shows a  p s e u d o - u n i a x i a l  

i n t e r f e r e n c e  f i g u r e ,  so t h a t  i t  i s  n o t  u n l i k e  t h e  b i o t i t e  o f  t h e  

b i o t i t e  u n c o m p a h g r i t e .  I t  o c c u r s  a s  p l a t e s  w hich  n e a r l y  a lw ays  

have p a l e r  r i m s ,  and a r e  som et im es  a l t e r e d  t o  s p e c k s  o f  o r e  (RFP 8 8 ) .

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

to  each  o t h e r ,  so t h a t  much o f  t h e  b i o t i t e  h a s  t h e  a p p e a ra n c e  o f  

x e n o c r y s t s .

M a g n e t i t e  o c c u r s  w i d e l y  a s  s u b h e d r a l  c r y s t a l s  and i r r e g u l a r  

s p e c k s ,  some o f  w h ich  may be  a l t e r a t i o n  p r o d u c t s .  P e r o v s k i t e  i s  

on ly  found  o c c a s i o n a l l y ,  som et im es  a s  s e p a r a t e  g r a i n s ,  b u t  more o f t e n  

i t  i s  a s s o c i a t e d  w i t h  m a g n e t i t e  and  b i o t i t e ,  and t h e  t h r e e  m i n e r a l s  

have t h e  same s o r t  o f  i n t e r r e l a t i o n s h i p  a s  t h e y  do i n  th e  u n c o m p a h g r i t e ;  

b i o t i t e  may p a r t l y  s u r r o u n d  i n t e r g r o w t h s  o f  m a g n e t i t e  and p e r o v s k i t e  

(RFP 8 7 ; p l a t e  I 9 0 ) .  I n  RFP 8 8 , g r o u p s  o f  m a g n e t i t e  and b i o t i t e  

c r y s t a l s  a r e  s u r r o u n d e d  and  p a r t l y  r e p l a c e d  by brown and p a l e  brown 

zoned m e l a n i t e ,  a n o t h e r  r e l a t i o n s h i p  fo u n d  i n  t h e  e a r l y  p l u t o n i c s .  

E u h e d ra l  sp h e n e  i s  a  common a c c e s s o r y ,  an d ,  a l t h o u g h  i t  does n o t  

occur  t o g e t h e r  w i t h  t h e  m a g n e t i t e ,  b i o t i t e  and m e l a n i t e ,  t h e r e  i s  

more o f  i t  i n  t h e  m e l a n i t e - b e a r i n g  d yke .  B i o t i t e  a l s o  r e p l a c e s  

pyroxene  (RFP 8 6 ) .

Where t h e  p y ro x e n e  h a s  n o t  b e e n  pseudom orphed ,  i t  i s  p a l e



Plate 189. Magnetite and 'bidtite in a predominantly 
carbonate gronndmass from a lamoroohyre dyke.

Plate 1 9 0 . Magnetite partly rimmed by biotite 
from a lamprophyre dyke. (RFP87). xl60.
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g r e e n  a e g i r i n e - a u g i t e , w i t h  a  maximum e x t i n c t i o n  a n g l e  o f  36° .  I t  

i s  commonly rimmed by d a r k e r  g r e e n  a e g i r i n e  which  i s  o f t e n  o b s c u r e d  

by a l t e r a t i o n  p r o d u c t s .  The p y ro x e n e  i s  a n h e d r a l  and a p p e a r s  t o  

have b e en  r e p l a c e d  c o n s i d e r a b l y  by t h e  m a t r i x ,  a s  t h e  c r y s t a l  e d g e s  

a re  embayed (HFÂ 28) and s p o t t e d  w i t h  o r e ;  t h e  m a t r i x  ro u n d  t h e  

p y ro x e n e s  c o n t a i n s  s p o t s  o f  o r e  t o o .  T h is  f e a t u r e  i s  r e g u l a r l y  

shown by t h e  l a r g e  p y r o x e n e s  i n  t h e  n e p h e l i n i t e  l a v a s .  S m a l l  

f r a g m e n ts  o f  p y r o x e n i t e  o c c u r  o c c a s i o n a l l y  (HFA 28 and 3FP 6 1 ) ,  and 

i n  RFP 6 1 , s m a l l  c r y s t a l s  o f  w o l l a s t o n i t e  were  found  w i t h  t h e  

p y ro x e n e .

H o rn b len d e  i s  p r e s e n t  i n  two dykes  (BFP 6l  and PFP 8 6 ) ;  i t s

p l e o c h r o i c  scheme i s  Z = d a r k  brown, I  = r e d d i s h  brown and

X = y e l l o w ,  which  i s  s i m i l a r  t o  t h a t  o f  t h e  h o r n b l e n d e  i n  t h e

p h o n o l i t e  d y k e s ,  b u t  u n l i k e  any from t h e  b a s e m e n t .  I t  forms

s u b h e d r a l  p h e n o c r y s t s ,  and r e p l a c e s  p y r o x e n e ;  i n  RFP 6I ,  a  l a r g e ,  

i r r e g u l a r  h o r n b l e n d e  c r y s t a l  e n c l o s e s  b l e b s  o f  p y ro x en e  t h a t  have  

th e  same o r i e n t a t i o n .

A p a t i t e  i s  a  n o rm a l  a c c e s s o r y  a s  p h e n o c r y s t s ,  and ,  a s  i n  

th e  p h o n o l i t e ,  i t  so m e t im es  forms i n c l u s i o n s  i n  o t h e r  m i n e r a l s .

No u n a l t e r e d  m e l i l i t e  was i d e n t i f i e d ,  b u t  pseudomorphs can  be 

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

i n  most  o f  t h e  d y k e s .  These  a r e  g e n e r a l l y  s m a l l  l a t h s ,  b u t  RFP 6l  

c o n t a i n s  pseudom orphs  a f t e r  t a b u l a r  m e l i l i t e  which  a r e  up t o  1 cm 

a c r o s s .  The main p se u d o m o rp h in g  m i n e r a l s  a r e  p a l e  b u t  c lo u d y
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c a r b o n a t e ,  and a  m i n e r a l  t h a t  ha s  b e e n  i d e n t i f i e d  t e n t a t i v e l y  a s  

c e b o l l i t e .  The l a t t e r  i s  composed o f  m in u te  f i b r e s  which  have 

s t r a i g h t  e x t i n c t i o n  and a r e  l e n g t h  s lo w ,  and whose r e f r a c t i v e  

in d e x  i s  s l i g h t l y  h i g h e r  t h a n  t h a t  o f  Canada B a lsam ; t h e  c e b o l l i t e  

t h a t  a l t e r s  t h e  m e l i l i t e  i n  t h e  u n c o m p a h g r i t e  ha s  s i m i l a r  

c h a r a c t e r i s t i c s .  The f i b r e s  form a  mesh, and a r e  a l i g n e d  i n  two 

p re d o m in a n t  d i r e c t i o n s  a t  r i g h t  a n g l e s ,  w h ich  p r o b a b l y  c o r r e s p o n d  

to  t h e  c l e a v a g e  d i r e c t i o n s  o f  t h e  m e l i l i t e  (RFP 8 9 ,

Sometimes (RFP p ) , m in u te  c r y s t a l s  o f  c a r b o n a t e  form a l i g n e d  f i b r e s ,  

p o s s i b l y  a r e p l a c e m e n t  a f t e r  c e b o l l i t e .  Most o f  t h e  pseudomorphs  

a r e  l a t h s  w i t h  i n d e t e r m i n a t e  e d g e s ;  o c c a s i o n a l l y ,  t h e y  have  a 

median c r a c k  w h ich  i s  c h a r a c t e r i s t i c  o f  t h e  u n a l t e r e d  m e l i l i t e s  i n  

th e  l a v a s .  I n  RF 220 and RF 9 3 î t h e r e  a r e  d a r k e r  n e e d l e s  o f  

f i n e - g r a i n e d  c a r b o n a t e ,  and i t  i s  u n c e r t a i n  w h e th e r  t h e s e  pseudom orph  

m e l i l i t e  o r  p y r o x e n e .

Pseudom orphs  a f t e r  n e p h e l i n e  a r e  few er  and more d u b i o u s .

RFA 28 c o n t a i n s  s m a l l  e u h e d r a l  n e p h e l i n e s  which  have b e en  a lm o s t  

c o m p l e t e ly  c a n c r i n i t i s e d .  O th e rw is e  t h e  o n l y  p o s s i b l e  n e p h e l i n e  

pseudomorphs  a r e  s m a l l  p a t c h e s  o f  f i n e - g r a i n e d  homogeneous f e l s p a r ,  

which i s  c lo u d y  and u n tw in n e d  and e x t i n g u i s h e s  i r r e g u l a r l y .  I t  i s  

no t  u n l i k e  much o f  t h e  p o t a s h  f e l s p a r  which  o c c u r s  b o t h  i n t e r s t i t i a l l y  

and a s  p seudom orphs  t h r o u g h o u t  t h e  p y r o c l a s t i c s .  The p a t c h e s  o f  

f e l s p a r  a r e  g e n e r a l l y  a n g u l a r  and have  c l e a r c u t  e d g e s ,  b u t  t h e i r  

sh a p es  a r e  n o t  s p e c i a l l y  c h a r a c t e r i s t i c  o f  u n a l t e r e d  n e p h e l i n e .
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The matrix of the lamprophyre is cloudy and apparently 

noncrystalline under low power. It is in fact a mosaic of very 

dirty, small carbonate crystals with streaks and patches of brown 

noncrystalline material and black ore. It contains some small 

colourless crystals of low relief which are an indeterminate 

felspar or aeolite, and a lot of finely disseminated biotite. Tiny 

colourless needles of high relief are superimposed on both the 

matrix and phenocrysts; their thickness is generally less than 

that of the slice, so that their optics cannot be determined, but 

they could be pyroxene or amphibole.

C. FELSPATHI8BD IJOLITS.

The felspathised ijolite is normally deeply weathered, and 

is yellow with thin red-brown stripes. In this state it is soft 

and studded with vesicles, and few of the original minerals survive. 

The one fresh specimen collected is greenish grey, unbanded and 

nonvesicular. Pyroxene and nepheline crystals are prominent on 

the surface.

The rock is coarse-grained, and prior to alteration it must 

have consisted predominantly of euhedral nepheline and soned 

pyroxene, both forming crystals up to one millimetre across. Felspar 

has replaced much of the nepheline so that nearly half of the rock 

is composed of it. The pyroxenes have overgrowths of aegirine and 

blue-green amphibole which are often larger than the crystals
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t h e m s e l v e s ,  and c a l c i t e  h a s  c r y s t a l l i z e d  i n t e r s t i t i a l l y .

The s u r v i v i n g  n e p h e l i n e  i s  w a t e r  c l e a r ,  and numerous p e r f e c t  

s i x - s i d e d  c r o s s - s e c t i o n s  a r e  p r e s e r v e d .  They a r e  zoned  

c o n c e n t r i c a l l y  by l a y e r s  o f  m in u te  c o l o u r l e s s  i n c l u s i o n s ,  and 

re m n a n ts  o f  e u h e d r a l  n e p h e l i n e  c r y s t a l s  t e n d  t o  o c c u r  i n  g r o u p s ;  

so n e p h e l i n e  was p r o b a b l y  t h e  main  m i n e r a l  b e f o r e  a l t e r a t i o n  

( p l a t e  1 9 1 ) .  The f e l s p a r  t h a t  h a s  r e p l a c e d  n e p h e l i n e  i s  c lo u d y  and 

u n tw in n e d ,  and h a s  a  r e f r a c t i v e  i n d e x  s l i g h t l y  lo w e r  t h a n  t h a t  o f  

n e p h e l i n e ,  b u t  i t s  b i r e f r i n g e n c e  c o l o u r s  a r e  s l i g h t l y  h i g h e r .  I t  

i s  n e g a t i v e  w i t h  a h i g h  2 V. From t h e s e  p r o p e r t i e s  i t  i s  t h o u g h t  

to  be o r t h o c l a s e .  I t  fo rm s i r r e g u l a r  c r y s t a l s  up to  3 mm a c r o s s ,  

which r e p l a c e  t h e  n e p h e l i n e  p a t c h i l y ,  and  u n c o n n e c te d  a r e a s  o f  

f e l s p a r  o f t e n  show t h e  same e x t i n c t i o n .  The e x t i n c t i o n  moves a c r o s s  

th e  f e l s p a r  f a n - w i s e .

I t  i s  d i f f i c u l t  t o  t e l l  what  t h e  o r i g i n a l  p y ro x en e  was,  a s  

e v e ry  g r a d a t i o n  e x i s t s  b e tw e e n  â u g i t e  a n d . a e g i r i n e . I t  i s  zoned ,  

b u t  n o t  r e g u l a r l y ,  and  p a t c h e s  o f  a e g i r i n e - a u g i t e  w i t h  s i m i l a r  

o r i e n t a t i o n  a r e  f r e q u e n t l y  e n c l o s e d  i n  a  more a e g i r i n e - r i c h  p y r o x e n e ,  

w i t h  g r a d a t i o n a l  b o u n d a r i e s  and  c o n t i n u o u s  c l e a v a g e  from one t o  t h e  

o t h e r  ( p l a t e  1 9 2 ) .  The a e g i r i n e - a u g i t e  i s  p a l e  g r e e n ,  and t h e  

a e g i r i n e  i s  p l e o c h r o i c  b e tw e e n  d a r k  g r e e n  and  p a l e r  y e l l o w - g r e e n .

The b l u e - g r e e n  a m p h ib o le  i s  o n l y  s l i g h t l y  p l e o c h r o i c  be tw een  g r e e n  

and b l u e  - g r e e n .  A e g i r i n e - a u g i t e , e i t h e r  zoned  o r  showing hour  

g l a s s  t e x t u r e ,  i s  rimmed i r r e g u l a r l y  by  a e g i r i n e ,  w h ich  e i t h e r



Plate 1 9 1 . Euhedral nepheline replaced marginally 
by potash felspar in felspathised ijolite. 
(PP248).

Plate 1 9 2 . Needles of aegirine (dark) and sodic 
amphibole (paler) penetrating potash felspar in 
felspathised ijolite. (EF248). x8$.
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o verg row s  t h e  o r i g i n a l  p y ro x e n e  c r y s t a l ,  o r  h a s  a  s e p a r a t e  

o r i e n t a t i o n  and e n g u l f s  s e v e r a l  p y r o x e n e s .  The a e g i r i n e  p r o t r u d e s  

i n t o  t h e  s u r r o u n d i n g  f e l s p a r  an d ,  so m e t im es ,  n e p h e l i n e ,  e i t h e r  a s  

g l o b u l a r  g r o w th s  o r  a s  s p i k e s .  B o th  ro u n d  t h e  p y ro x en e  and w i t h i n  

th e  f e l s p a r  and n e p h e l i n e ,  f i b r o u s  a e g i r i n e  and b l u e - g r e e n  a m p h ib o le  

grow i n  b u n d l e s ,  i n t e r g r o w n  o r  w i t h  t h e  b l u e  a m p h ib o le  o c c u r r i n g  

o u t s i d e  t h e  a e g i r i n e .

L a rg e  c r y s t a l s  o f  c a r b o n a t e  w i t h  v e r y  i r r e g u l a r  edges  o c c u r  

t h r o u g h o u t  a s  a  r e p l a c e m e n t  m i n e r a l ,  e s p e c i a l l y  w i t h i n  t h e  p y r o x e n e s .

D. CQLLOPHANE ROCK.

The c e l l o p h a n e  r o c k  i s  a  v e s i c u l a r  r o c k  o f  c o n c r e t i o n a r y  

a p p e a r a n c e ,  w i t h  s u b p a r a l l e l  w h i t e  and brown b a n d s .  In  hand 

sp ec im en ,  no c r y s t a l l i n e  m i n e r a l s  a r e  v i s i b l e .  In  t h i n  s e c t i o n ,  

i t  i s  s e e n  t o  c o n s i s t  o f  b a n d s ,  e ac h  a b o u t  . 1  mm t h i c k ,  o f  d a h l l i t e ,  

whose l e n g t h  i s  a lw ay s  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  b a n d in g  

( p l a t e  1 9 3 ) .  The c r y s t a l s  a r e  v e r y  s m a l l ,  and c r y s t a l  b o u n d a r i e s  

a r e  o b s c u r e .  The d a h l l i t e  r i m s  l a r g e r  ro u n d e d  a r e a s  o f  s i m i l a r  

r e l i e f ,  w h ich  a r e  opaque u n d e r  c r o s s e d  p o l a r i s e r s  and a p p a r e n t l y  

n o n c r y s t a l l i n e .  T h i s  i s  t h o u g h t  to  be  c e l l o p h a n e ,  a s  s t a i n i n g  w i t h  

ammonium m o ly b d e n a te  shows t h a t  t h e  r o c k  c o n s i s t s  m a in ly  o f  p h o s p h a t e  

W i th in  t h e  opaque  a r e a s ,  and b e tw e e n  d a h l l i t e  b a n d s ,  t h e r e  a r e  s m a l l  

v e s i c l e s ,  g e n e r a l l y  s t r e a k e d  o u t  i n  t h e  d i r e c t i o n  o f  b a n d in g ,  and 

som etim es  l i n e d  w i t h  c r y s t a l l i n e  c a r b o n a t e .  O bscure  p a t c h e s  o f
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brown o r e  a r e  s c a t t e r e d  t h r o u g h  t h e  r o c k .

Only one dyke o f  c o l l o p h a n e  r o c k  was found  on Rangwa.

E. CONCRETlONARY CARBONATE.

A l th o u g h  more compact and d e f i n i t e l y  fo rm in g  a  dyke ,  t h e  

c o n c r e t i o n a r y  c a r b o n a t e  l o o k s  n o t  u n l i k e  t u f a .  I t  o c c u r s  i n  a 

s m a l l  dyke ,  10 cm a c r o s s  and r a d i a l  t o  t h e  c e n t r e  o f  Rangwa, which  

c u t s  t h e  i j o l i t e  on S a gu ru m e , w i t h o u t  c a u s i n g  any b r e c c i a t i o n  o r  

a l t e r a t i o n  i n  i t .  The dyke i s  composed o f  v e ry  f i n e  l a m in a e  o f  

y e l l o w  and brown c a r b o n a t e  w h ic h ,  th o u g h  m a m i l l a t e d ,  a r e  r o u g h l y  

p a r a l l e l  w i t h  p l a n e  o f  t h e  dyke ( p l a t e  1 9 4 ) .

The s i z e  o f  t h e  c r y s t a l s  o f  c a r b o n a t e  i s  v a r i a b l e ,  b u t  

n o r m a l ly  t h e y  a r e  l e s s  t h a n  1 mm a c r o s s ;  w i t h i n  one band t h e y  a r e  

abou t  t h e  same s i z e ,  e x c e p t  t h a t  t h e  o u t e r  edge o f  each band i s  

composed o f  c a r b o n a t e  o f  f i b r o u s  a p p e a r a n c e .  The c a r b o n a t e  i s  

c l e a r  a t  t h e  i n n e r  p a r t s  o f  t h e  b a n d s ,  and becomes c lo u d y  to w a rd s  

th e  e d g e s ;  e a c h  band  i s  a  s e p a r a t e  u n i t ,  and t h e y  a r e  a lw ays  

c o n t i n u o u s ,  a l t h o u g h  t h e i r  form i s  v e r y  t o r t u o u s .  S h a t t e r e d  c r y s t a l s  

o f  a n a l c i t e  up t o  2 mm l o n g  o c c u r  w i t h i n  t h e  c a r b o n a t e ,  which  t e n d s  

to  v e i n  them .  Be tw een  t h e  b a n d s ,  p a t c h e s  o f  t i n y  q u a r t z  c r y s t a l s  

o c cu r  and b o u n d a r i e s  b e tw e e n  them and t h e  c a r b o n a t e  a r e  o f t e n  

s t r a i g h t .

F .  HYDROTHERMAL VEINING.

S e v e r a l  i n s t a n c e s  o f  l a t e - s t a g e  v e i n i n g  f o l l o w i n g  zones  o f



Plate 193- Bands of dahllite with collophane (black) 
in collophane rock (under crossed polarisers).
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Plate 1 9 4 . Banded concretionary carbonate.
(KFP84). x25.
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b r e c c i a t i o n  were found  on t h e  c l i f f s  t h a t  bound Rangwa. On Manganga, 

a v e r t i c a l  g u l l e y ,  w hich  r u n s  150 f t .  up t h e  c l i f f  f a c e  i s  c a u s e d

by a  aone i n  w h ich  e u h e d r a l  c r y s t a l s  o f  p u re  c a l c i t e  up to  1 cm

lo n g  have  grown b e tw e e n  b r e c c i a t e d  f r a g m e n t s  o f  a g g l o m e r a t e .

5 .  THE LATE DYKES ELSEWHERE ON THE KISIKGIRI VOLCAliO.

Kent (1936  pp 93 -  1 0 2 ) l i s t s  36 dykes  which  c u t  t h e  s e q u e n c e

on R u s in g a .  T h e i r  a v e r a g e  t h i c k n e s s  i s  4 f t . ,  and t h e y  can  be

t r a c e d  f o r  l o n g  d i s t a n c e s ,  a  m i l e  i n  one c a s e .  The main r o c k  t y p e  

i s  ”a m o d e r a t e l y  c o a r s e - g r a i n e d "  r o c k ,  which  " r e s e m b l e s  a  r o t t e n  

s c h i s t  when w e a t h e r e d " .  One n e p h e l i n i t e  dyke was fo u n d .  They a r e  

n e a r l y  v e r t i c a l ,  and t h e i r  main  s t r i k e  i s  n o r t h - s o u t h ,  t e n d i n g  

to w a rd s  n o r t h e a s t - s o u t h w e s t  i n  t h e  e a s t  o f  t h e  i s l a n d .  Most o f  them 

p o s t d a t e  t h e  f a u l t i n g  and s lu m p in g  t h e r e ,  and some show c r o s s c u t t i n g  

r e l a t i o n s .  S h a c k l e t o n  (1951)  m arks  s e v e r a l  dykes  w i t h  a  n o r t h - s o u t h  

s t r i k e  on h i s  map o f  K i a h e r a  H i l l , and i n  t h e  k e y ,  he s p l i t s  them 

i n t o  m ic a c e o u s ,  b a s a l t i c  and c a r b o n a t e  d y k e s .  McCall  (1958 p 57) 

m e n t io n s  a  swarm o f  r e d  m e l a n i t e  n e p h e l i n i t e  dykes  on K i a h e r a  H i l l  

which s t r i k e  n o r t h - s o u t h .

W h i tw o r th  ( I 962 p 175)  r e c o r d e d  22 dykes  from t h e  e a s t e r n  p a r t  

o f  Mfwangano, most o f  which  s t r i k e  n o r t h w e s t - s o u t h e a s t .  He s p l i t s  

them i n t o  two t y p e s ,  a l n o i t i c  and a u g i t i t i c .  I n  t h e  fo rm e r ,  

m e l i l i t e  o c c u r s  b o t h  a s  e u h e d r a l  p h e n o c r y s t s  and i n  t h e  m a t r i x ,  and 

b i o t i t e  forms p r o m in e n t  p h e n o c r y s t s ,  som e t im es  e n c l o s i n g  m a g n e t i t e .
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which i s  a  c o n s t i t u e n t  o f  t h e  m a t r i x  a s  w e l l .  A p a t i t e  and p e r o v s k i t e  

a re  o f t e n  p r e s e n t .  The a u g i t i t i c  t y p e ,  which  i s  found l e s s  o f t e n ,  

c o n t a i n s  a b o u t  45% o f  e u h e d r a l  a u g i t e  i n  a  v e r y  f i n e - g r a i n e d ,  

c o l o u r l e s s  m a t r i x ,  w h ich  shows f i r s t  o r d e r  g r e y ,  and i s  t h o u g h t  by 

W hitw or th  t o  be  z e o l i t i c .

McCall  (1958  pp 55 and  5 6 ) d e s c r i b e s  n e p h e l i n i t i c  and 

a l n o i t i c  dykes  w hich  c u t  t h e  n e p h e l i n i t e  l a v a s  and a g g l o m e r a t e s  a t  

many l o c a l i t i e s ,  m o s t l y  s t r i k i n g  r a d i a l l y  t o  Rangwa. The 

n e p h e l i n i t i c  d y kes  c o n t a i n  p h e n o c r y s t s  o f  a u g i t e ,  pseudomorphs  a f t e r  

m e l i l i t e  and  a  l i t t l e  b i o t i t e  i n  a  h i g h l y  a l t e r e d  z e o l i t i c  g roundm ass  

The a l n o i t i c  dykes  c o n t a i n  t h e  same m i n e r a l  a s s e m b la g e  a s  t h e  

lam p ro ph y re  d y k es  d e s c r i b e d  i n  t h i s  work ,  o n l y  w i t h o u t  p ro m in e n t  

py ro x ene  p h e n o c r y s t s .

Of t h e  a b o v e ,  t h e  o n l y  p é t r o g r a p h i e  d e s c r i p t i o n s  a r e  t h o s e  

o f  W hi tw or th  and M cCall ;  t h e  a l n o i t i c  dykes  d e s c r i b e d  by b o t h  o f  

them a r e  s i m i l a r  and t h e  n e p h e l i n i t e  dykes  o f  McCall and t h e  

a u g i t i t i c  d y kes  o f  W h i tw o r th  can  p r o b a b l y  be c o r r e l a t e d  a l s o .  The 

a l n o i t i c  dyk es  a r e  c e r t a i n l y  t h e  same a s  t h e  l a m p r o p h y r e s  d e s c r i b e d  

i n  t h i s  work ,  and p o s s i b l y  some o f  t h e  n e p h e l i n i t e  and a u g i t i t i c  

dykes a r e  t o o ,  a l t h o u g h  no dykes  were  found  n e a r  Rangwa which  c a r r i e d  

as  much a s  45% o f  p y r o x e n e .

From t h e i r  d e s c r i p t i o n s ,  i t  seems l i k e l y  t h a t  K en t*s  main 

ty p e  o f  dyke and S h a c k l e t o n ' s  m ic a c e o u s  dykes  a r e  a l n o i t i c ,  and 

S h a c k l e t o n ' s  b a s a l t i c  dyk es  may be t h e  same a s  M c C a l l ' s  r e d  m e l a n i t e
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n e p h e l i n i t e  o n e s .  S h a c k l e t o n ' s  c a r b o n a t e  dyke i s  composed o f  v e r y  

f i n e - g r a i n e d  homogeneous c a r b o n a t e ,  and i s  p r o b a b l y  o f  h y d r o t h e r m a l  

o r i g i n .

4 .  MODE OF ORIGIN.

N e a r l y  a l l  t h e  l a t e  dykes  from Rangwa's  im m edia te  s u r r o u n d i n g s  

and from f a r t h e r  a f i e l d  have  a  s t r i k e  t h a t  i s  a lm o s t  r a d i a l  to  

Rangwa, and t h e  o n l y  c o n e s h e e t  t h a t  was found  d i p s  to w a rd s  Rangwa.

So i t  i s  l i k e l y  t h a t  most o f  them o r i g i n a t e d  from a c e n t r e  b e n e a t h  

Rangwa. The l a c k  o f  c o n e s h e e t s  d oes  n o t  a l l o w  t h e  d e p th  o f  t h e  

fo cu s  t o  be d e t e r m i n e d .  The f a c t  t h a t  t h e  dykes  som etim es  c r o s s  

each  o t h e r  ( a s  a t  K iaw in do ,  and a t  s e v e r a l  l o c a l i t i e s  on R u s in g a  

and Mfwangano) shows t h a t  t h e y  were em placed  i n  more t h a n  one s t a g e  

a l t h o u g h  no t r e n d s  o f  d i f f e r e n t i a t i o n  can  be d e t e c t e d .

The age  r e l a t i o n s  o f  t h e  p h o n o l i t e  c a n n o t  be d e t e r m i n e d .

Only two e x am ple s  o f  f e l s p a r - b e a r i n g  l a v a  have b e en  found  on t h e  

K i s i n g i r i  Volcano  so  f a r  ( w i t h i n  t h e  m e l a n i t e  n e p h e l i n i t e  a g g l o m e r a t e ) ;  

t h e  l a r g e  a n o r t h o c l a s e  p h e n o c r y s t s  o f  t h e  p h o n o l i t e  have n o t  b e e n  

found e l s e w h e r e  e x c e p t  i n  some o f  t h e  f e l s p a t h i s e d  r o c k s ,  and t h e  

same zoned  brown h o r n b l e n d e  o n ly  o c c u r s  i n  t h e  l a m p r o p h y r e s  and i n  

some f r a g m e n t s  o f  h o r n b l e n d e  r o c k  i n  t h e  c o n g l o m e r a t e s  on R u s in g a .

I t  i s  n o t  known w h e th e r  t h e  p h o n o l i t e  o r i g i n a t e d  from t h e  Rangwa 

c e n t r e  o r  w h e t h e r  i t  i s  p a r t  o f  t h e  l a r g e  s u i t e  o f  p h o n o l i t i c  r o c k s  

whose o c c u r r e n c e  e x t e n d s  e a s t w a r d s  a lo n g  t h e  K a v i ro n d o  R i f t .
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The l a m p r o p h y r e s  c o n t a i n  n e a r l y  a l l  t h e  same m i n e r a l s ,  o f t e n  

w i th  t h e  same r e l a t i o n s  w i t h  one a n o t h e r ,  f o r  example  m a g n e t i t e ,  

p e r o v s k i t e  and  b i o t i t e ,  a s  t h e  a l k a l i n e  p l u t o n i c s .  I t  i s  d i f f i c u l t  

t o  d e c i d e  w h e th e r  t h e  p h e n o c r y s t s  i n  t h e  l a m p r o p h y r e s  a r e  

x e n o c r y s t s  p i c k e d  up from a l k a l i n e  p l u t o n i c s ,  o r  w h e th e r  t h e y  a r e  

newly form ed m i n e r a l s .  Brown h o r n b l e n d e  i s  t h e  o n ly  m i n e r a l  i n  

t h e  l a m p r o p h y r e s  n o t  fou n d  i n  t h e  a l k a l i n e  p l u t o n i c s ,  and i t  i s  

o f t e n  s e e n  to  have a  r e p l a c e m e n t  r e l a t i o n s h i p  w i t h  p y r o x e n e .  The 

f a c t  t h a t  t h e  l a m p r o p h y r e  dyke which  c u t s  t h e  u n c o m p a h g r i t e  (RF 220)  

does n o t  c o n t a i n  a p p r e c i a b l y  more m e l i l i t e  o r  b i o t i t e  t h a n  any o f  

t h e  o t h e r  dyk es  i n d i c a t e s  t h a t  any x e n o c r y s t s  must have b een  

i n c o r p o r a t e d  a t  d e p t h .  A lso  t h e  a b s e n c e  o f  basem ent  x e n o c r y s t s  i n  

t h e  dykes  w h ich  o u t c r o p  away from t h e  c e n t r e  shows t h a t  most o f  t h e  

x e n o c r y s t s  must  a l l  have  come from n e a r  t h e  f o c u s  o f  o r i g i n .  The 

m a t r i x  i s  so h i g h l y  c a r b o n a t e d  and t h e  e d g es  o f  t h e  p h e n o c r y s t s  

so c o r r o d e d  t h a t  t h e  magma must  have b e e n  v e r y  r i c h  i n  v o l a t i l e s .

I t  i s  p r o b a b l e  t h a t  t h i s  magma, which  was t r a p p e d  a t  d e p th  a f t e r  t h e  

v e n t  had b e e n  b l o c k e d ,  p u sh e d  i t s  way o u tw a rd s  a lo n g  c r a c k s  c a u s e d  

by e x p l o s i v e  a c t i v i t y ,  c a r r y i n g  w i t h  i t  c r y s t a l s  and f r a g m e n t s  from 

d e e p - s e a t e d  p l u t o n i c  r o c k s .  L am p ro p h y res ,  e s p e c i a l l y  a l n o i t e s ,  a r e  

a no rm al  l a t e  f e a t u r e  o f  c a r b o n a t i t e  com plexes  (C h i lw a ,  G a rso n  and 

Campbell  S m i th  1958 ,  and A l n o , von Eckermann 1 9 4 8 ) .

The f e l s p a t h i s e d  i j o l i t e  dykes  on Rangwa i t s e l f  were o n l y  

i n t r u d e d  c l o s e  t o  t h e  c a r b o n a t i t e  c e n t r e ,  a f t e r  c a r b o n a t i t e  a c t i v i t y
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had ceased. Their relations with the lamprophyres are not known.

The concretionary carbonate, collophane rock and veins of 

carbonate are all manifestations of late hydrothermal activity, and 

they could have occurred at any time between the end of the volcanic 

activity and today. The presence of poorly consolidated tufa on 

Rangwa shows that hydrothermal activity has continued there until 

recently, and there are still hot springs on Homa Mountain today.
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X

LATE SEDIMENTARY AMD SECONDARY DEPOSITS

1. DESCRIPTION OF THE DEPOSITS.

The l a t e  d e p o s i t s  on Rangwa can  be s p l i t  i n t o  4 g r o u p s : ~

1 .  Cemented g r a v e l .

2 .  S e c o n d a r y  b r e c c i a .

3 .  T u fa .

4 .  A l lu v iu m ,  u n cem en ted  g r a v e l  and s o i l .

The g r o u p s  a r e  n o t  n e c e s s a r i l y  c o n n e c t e d  w i t h  each  o t h e r ,  e x c e p t  i n  

th e  s e n s e  t h a t  t h e y  were  a l l  d e p o s i t e d  o r  formed a f t e r  t h e  main 

i g n e o u s  a c t i v i t y  on Rangwa and a f t e r  most o f  t h e  e r o s i o n  o f  t h e  

K i s i n g i r i  V o lc an o .

A. CEMENTED GRAVEL.

Two s m a l l  o u t c r o p s  o f  cem en ted  g r a v e l  were fo u n d ,  one h a l f  

way b e tw e e n  S ind o  and S in do  S c h o o l ,  and  t h e  o t h e r  n e a r  t h e  l a k e  

400 y a r d s  e a s t  o f  Rowo S c h o o l .  B o th  a r e  a t  a  h e i g h t  o f  a b o u t  20 f t .  

above t h e  l e v e l  o f  t h e  l a k e ,  and can  be s e e n  a s  p a t c h e s  o f  c ru m b l in g  • 

w h i t e  m a t e r i a l ,  a t  t h e  same l e v e l  a s  t h e  s u r r o u n d i n g  r e d  a l l u v i u m .

S e v e r a l  c e n t i m e t r e s  u n d e r  t h e  s u r f a c e ,  t h e  w h i t e  m a t e r i a l  i s  

more c o n s o l i d a t e d ,  and p r o v i d e s  a  m a t r i x  t o  c l o s e l y - p a c k e d  r o u n d e d  

p e b b l e s ,  whose d i a m e t e r  v a r i e s  b e tw e e n  1 and 4 cm. The r o c k  i s  

ro u g h ly  b e d d e d ,  a n d ,  a l t h o u g h  no m ea su re m e n ts  were talcen,  an 

i m p r e s s i o n  was g a i n e d  t h a t  t h e  l o n g  a x e s  o f  t h e  p e b b l e s  were n o r m a l l y
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in the horizontal plane.

The matrix is calcareous, and dissolves away almost entirely 

in hydrochloric acid. The pebbles consist mostly of the rock types 

found round Rangwa, and the majority are of fenite and granite, as 

well as some lava, agglomerate and ijolite. No fragments of 

uncompahgrite or carbonatite were found, although only a cursory 

search was made.

Although many of the gulleys on and around Rangwa were 

examined, no outcrops of cemented gravel were found in them. However, 

the two small occurrences mentioned above must be the reimiants of 

sediments from a far larger area of deposition. The sediments are 

waterlaid, since no other agency could round, transport and deposit 

the fragments, and the matrix originated as very fine calcareous mud, 

similar to what occurs on the floor of Kaksingiri Bay at the present. 

If the deposits that survive are extended laterally, it becomes 

apparent that a lalce existed to the north of Raigwa, and possibly 

partly surrounding it, and that pebbles were washed into it from 

Rangwa itself and the country round it. There is no evidence on 

which to decide whether the fact that both outcrops are at heights 

of 20 - 30 ft. above lake level is due to their having been planed 

down to the same level as the alluvium that encircles them, or 

whether they reach the original maximum height of the cemented gravel. 

So the original size of this early lake is problematical.
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3 .  SECONDARY BRECCIA.

O u t c r o p s  o f  t h e  s e c o n d a r y  b r e c c i a  a r e  w i d e s p r e a d .  I t  o c c u r s  

a t  t h e  b a s e s  o f  most  o f  t h e  c l i f f s  which  bound Rangwa, and u n d e r  

a  few o f  t h e  c l i f f s  above N y a k i r a n g a c h a ,  a l t h o u g h  i t  i s  n o t  so 

f r e q u e n t  t h e r e ,  a s  a l l u v i u m  o f t e n  e x t e n d s  r i g h t  up to  t h e  c l i f f s .

The same s o r t  o f  b r e c c i a  c o v e r s  much o f  t h e  u n c o m p a h g r i t e , and 

o c c u r s  i n  s m a l l  h o l lo w s  on t h e  s u r f a c e  o f  t h e  Kinyamungu C a r b o n a t i t e ,  

as  w e l l  a s  p l a s t e r i n g  t h e  f a c e s  o f  many c a r b o n a t i t e  c l i f f s .  The 

h e i g h t  o f  t h e  o u t c r o p s  v a r i e s  be tw een  n e a r  l a k e  l e v e l  ( 3 ,7 3 0  f t .  

above s e a  l e v e l )  i n  t h e  n o r t h ,  t o  o v e r  3 ,0 0 0  f t .  above s e a  l e v e l  

round t h e  s o u t h e r n  m a r g in  o f  Rangwa.

The a p p e a r a n c e  o f  t h e  b r e c c i a  i s  v a r i a b l e ,  b u t  t h e r e  i s  

a lways a  m a t r i x  o f  p a l e  c a r b o n a t e ,  e i t h e r  n o n c r y s t a l l i n e  o r  v / i th  

s m a l l ,  c lo u d y  c r y s t a l s  ( p l a t e s  193  and 1 9 6 ) ,  wh ich  r e s e m b l e s  t h a t  o f  

th e  cem en ted  g r a v e l ,  e x c e p t  t h a t  i t  i s  b e t t e r  c o n s o l i d a t e d .  The 

f r a g m e n ts  a r e  a n g u l a r ,  u n s o r t e d ,  u nbedded  and so c l o s e l y  p a ck e d  t h a t  

t h e y  t o u c h  one a n o t h e r .  A b o t y r o i d a l ,  c o n c r e t i o n a r y  c o a t i n g  o f  

m a t r i x  som e t im es  c o v e r s  them , e s p e c i a l l y  a t  e x p o s u r e s  n e a r  to  t h e  

Kinyamungu C a r b o n a t i t e .  A s i m i l a r  c o a t i n g  may c o v e r  t h e  b o t to m  few 

f e e t  o f  t h e  c l i f f s  o f  p y r o c l a s t i c s .

The f r a g m e n t s  w h ich  a r e  o f  a l l  s i z e s  up t o  a b o u t  30 cm a c r o s s  

a re  d e r i v e d  l o c a l l y .  Those i n  t h e  b r e c c i a  a t  t h e  b a s e s  o f  t h e  

p y r o c l a s t i c  c l i f f s  a r e  o f  u n w e a t h e r e d  t u f f  and a g g l o m e r a t e ,  and where  

th e  p y r o c l a s t i c s  above a r e  c u t  by numerous c a r b o n a t i t e  c o n e s h e e t s .



Plate 195- Cemented breccia at the base of the 
pyroclastic cliffs on Manganga.

k- '  - 4 ^  • / -  I

Plate 196. Cemented breccia covering the biotite 
uncompahgrite on Kumugina.
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as to the north west of Kinyathengo, a few fragments of carbonatite 

are present. All the fragments in the breccia that covers the 

uncompahgrite are of uncompahgrite, and those in the breccia associated 

with the Kinyamungu Carbonatite are of carbonatite.

The breccia composed of fragments of pyroclastics extends 

right up to the cliffs, and tongues of matrix penetrate pyroclastics 

that are in situ. The outcrops are several yards wide, and at their 

outer edges they disappear beneath the talus slopes. Further 

outcrops occasionally occur lower down where the talus is gulleyed.

The position of the breccia below cliffs, and the local derivation 

of the fragments imply that the breccia is an early talus slope, 

which has been cemented, partly eroded away and covered by later 

talus.

Where breccia covers the uncompahgrite, it is possible to 

trace progressive brecciation from an exposure of in situ 

uncompahgrite, through a zone in which small veins of pale matrix 

penetrate the uncompahgrite along joint planes, upwards to a true 

breccia, in which fragments that have been broken up can often be 

fitted together. The whole transition takes place over several feet. 

The area occupied by this breccia is irregular, and is not dictated 

by any changes in the nature of the underlying rocks; but since the 

present land surface is smooth, regardless of whether it has a 

coating of breccia, the breccia that survives must occupy small 

depressions on an old surface of unbrecciated uncompahgrite, and
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possibly the breccia once covered the whole area of the uncompahgrite, 

and the breccia that protruded has since been planed off. Unlike 

the fragments in the talus breccia, the uncompahgrite ones have 

suffered considerable alteration. Often they have been broken down 

to their constituent minerals, of which the magnetite and biotite 

survive and the melilite is altered to a yellow clay-like substance. 

Because of the fact that the fragments are more or less in situ, the 

gentleness of the slope on which the breccia occurs and the sometimes 

intense chemical weathering suffered by the uncompahgrite fragments, 

it is thought that the breccia was formed by both mechanical and 

chemical weathering on an old land surface. As with the talus breccia, 

the fragments were cemented by carbonate-rich solutions.

The breccia that is found with the Kinyamungu Carbonatite 

contains more rounded fragments, usually with limonitic rims.

However, it is broadly comparable with the breccia that covers the 

uncompahgrite, since it often fills hollows and joints within the 

carbonatite. It is presumably formed from fragments that have been 

broken off, rounded and cemented by solution and recrystallization 

of carbonate. The coating of secondary breccia on some of the 

carbonatite cliffs is probably what survives above the alluvium from 

old talus slopes.

There is no direct evidence that the three categories of

secondary breccia belong to the same episode in the history of Rangwa,
/

but the fact that the breccias all have the same sort of pale matrix
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o f  v e r y  f i n e  c a r b o n a t e  s u g g e s t s  t h a t  t h e y  a l l  b e lo n g  t o  t h e  same 

c l i m a t i c  r e g i m e .  T ha t  some o f  t h e  b r e c c i a  formed from t h e  

u n c o m p a h g r i t e  w i t h o u t  t r a n s p o r t a t i o n  and was n o t  washed away, even  

though  i t  was n o t  w e l l - c o m p a c t e d ,  means t h a t  t h e  c l i m a t e  i n  w h ich  i t  

was formed was d r y .  I t  i s  t e m p t i n g  to  s u g g e s t  t h a t  t h e  cem en ted  

g r a v e l  and t h e  b r e c c i a  were formed a t  t h e  same t i m e ,  b u t  e v id e n c e  

from f i e l d  r e l a t i o n s  o n l y  shows t h a t  b o t h  came i n t o  b e in g  a f t e r  

c o n s i d e r a b l e  e r o s i o n  a t  t h e  v o l c a n i c  c e n t r e  and b e f o r e  t h e  d e p o s i t i o n  

o f  a l l u v i u m .  The s t o r y  p i e c e d  t o g e t h e r  from such  s c a t t e r e d  and 

u n c o n n e c te d  d e p o s i t s  i s  n e c e s s a r i l y  i n c o m p l e t e ,  and i t  would be 

r e m a r k a b le  i f  a l l  t h e  s e d i m e n t s  d e p o s i t e d  d u r i n g  t h e  e r o s i o n  o f  

Rangwa had  s u r v i v i n g  r e p r e s e n t a t i v e s .

C. TUFA.

One s m a l l  d e p o s i t  o f  p o o r l y  c o n s o l i d a t e d  c a l c a r e o u s  t u f a  

o c c u r s  on Rangwa. A fev/ b o u l d e r s  o f  i t  were found  i n  t h e  t h i c k l y  

wooded s l o p e s  t o  t h e  s o u t h  o f  N y a k i r a n g a c h a ,  and i t s  r e l a t i o n s h i p  t o  

th e  u n d e r l y i n g  b r e c c i a  i s  u n c e r t a i n .

The r o c k  i s  composed o f  v e r y  f i n e  l a m in a e  up to  1 mm a c r o s s ,  

and i t s  c o l o u r  v a r i e s  b e tw e e n  l i g h t  and  d a r k  g r e y .  The l a m in a e  a r e  

c o n c e n t r i c a l l y  a r r a n g e d ,  and  a r e  n o t  t h e  r e s u l t  o f  no rm al  s e d i m e n t a r y  

d e p o s i t i o n .  I t  i s  t h o u g h t  t h a t  t h e  t u f a  was d e p o s i t e d  by h o t  s p r i n g s ,  

and, s i n c e  i t  s u r v i v e s ,  i t  must  be o f  r e c e n t  o r i g i n .  Hot s p r i n g s  

o ccu r  a t  many i g n e o u s  c e n t r e s  l o n g  a f t e r  o t h e r  t y p e s  o f  a c t i v i t y  have
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c e a s e d ;  i n  t h e  R u fu n sa  V a l l e y ,  t h e r e  a r e  h o t  s a l t  s p r i n g s  a t  t h e  

p r e s e n t  day t o  t h e  s o u t h  w e s t  o f  t h e  c a r b o n a t i t e  c e n t r e s  w i t h  w h ic h  

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

o c c u r r e d  i n  t h e  C r e t a c e o u s ,  ( B a i l e y  I 96O).  So t h e  o c c u r r e n c e  01 

t u f a  on Rangwa i s  n o t  u n e x p e c t e d .

D. ALLUVIUM, UNGEHENTED GRAVEL, TALUS AND SOIL.

A l lu v iu m ,  i n t e r s p e r s e d  w i t h  i r r e g u l a r  b e d s  o f  u n s o r t e d  g r a v e l ,  

i s  found  on t h e  f l o o r  o f  N y a k i r a n g a c h a ,  and on a l l  s i d e s  o f  Rangwa 

e x c e p t  t o  t h e  s o u t h .  T a l u s  s l o p e s  o c c u r  most o f  t h e  way rou nd  

Rangwa, a g a i n  e x c e p t  i n  t h e  s o u t h ,  b e tw ee n  t h e  a l l u v i u m  and t h e  

b ound ing  c l i f f s  o f  p y r o c l a s t i c s ;  s m a l l e r  t a l u s  s l o p e s  e x i s t  b e lo w  

some o f  t h e  c l i f f s  a ro u n d  N y a k i r a n g a c h a .  S o i l ,  which i s  d e f i n e d  h e r e  

as  any f i n e - g r a i n e d ,  u n c o n s o l i d a t e d ,  u n t r a n s p o r t e d  w e a t h e r i n g  p r o d u c t ,  

c o v e r s  most  o f  t h e  e x p o s u r e s  o f  p y r o c l a s t i c s  on t h e  h i g h e r  p a r t s  o f  

Rangwa. A l l  t h e s e  d e p o s i t s  a r e  i n t e r r e l a t e d  and g r a d e  i n t o  one 

a n o t h e r .

The a l l u v i u m  i s  c u t  by  s t e e p - s i d e d  g u l l e y s ,  w hich  a r e  up t o  

30 f t .  deep  i n  N y a k i r a n g a c h a ,  and  so m e t im es  o v e r  100 f t .  deep t o  t h e  

s o u th  e a s t  and  s o u t h  w e s t  o f  Rangwa ( p l a t e s  197 and I 9 8 ) .  No 

e x p o s u r e s  o f  cem en ted  g r a v e l ,  b a s e m e n t ,  p l u t o n i c s  o r  p y r o c l a s t i c s  

v/ere found  i n  them , w h ich  i m p l i e s  t h a t  t h e  a l l u v i u m  a t t a i n s  g r e a t  

t h i c k n e s s e s .  I t s  s u r f a c e  i s  sm ooth ,  and  s l o p e s  t o w a r d s ' t h e  l a k e  

b o th  e a s t  and  w es t  o f  Rangwa w i t h  an a n g l e  o f  a b o u t  two d e g r e e s .



Plate 197* The main gulley in Nyakirangacha.

Plate 1 9 8 . Small gulley on Kumugina, south east of
Rangwa. Ekiagaria and Kitunda are in the middle
distance. The Sindo Pass and part of the Gwassi 
Hills are in the background.
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and w i t h  a  s l i g h t l y  h i g h e r  a n g le  i n  N ya lc i rangacha .  The a n g l e  o f  

s l o p e  i n c r e a s e s  a  l i t t l e  a s  t h e  s u r f a c e  o f  t h e  a l l u v i u m  a p p r o a c h e s  

t h e  r i n g  o f  b a se m e n t  h i l l s ,  b u t  t h e  b r e a k  i n  s l o p e  i s  s h a r p  r o u n d  

Rangwa i t s e l f ,  a t  t h e  t r a n s i t i o n  be tw een  t h e  a l l u v i u m  and t a l u s  

( p l a t e s  2 ,  3 ,  4 and  5 ) .  N o r th  o f  Rangwa, t h e  smooth s u r f a c e  ends  

a b r u p t l y  a t  an  i n d e n t e d  t e r r a c e ,  which  s t a n d s  23 -  30 f t .  above t h e  

p r e s e n t  lalce l e v e l ,  and d r o p s  t o  p r e s e n t  day b e a c h  d e p o s i t s .

However, no t e r r a c e  e x i s t s  a lo n g  t h e  s h o r e  n o r t h  o f  S in d o .  The beach  

and mud d e p o s i t s  e x t e n d  i n t o  t h e  l a k e  f o r  v a r y i n g  d i s t a n c e s ,  up t o  

a n o t h e r  s h a r p  d rop  o f  20 -  30 f t .

Most o f  t h e  m a t e r i a l  i n  t h e  a l l u v i u m  i s  r e d  and v e ry  f i n e 

g r a i n e d ,  a l t h o u g h  i t  d o es  i n c l u d e ,  b o u l d e r s  o f  a l l  t h e  r o c k s  foun d  

on t h e  a r e a ,  b o t h  s i n g l y  and  i n  b a n d s .  The s u r f a c e  i s  c o v e r e d  w i t h  

l o o s e  b o u l d e r s ,  p r o b a b l y  b e c a u s e  t h e  f i n e - g r a i n e d  m a t e r i a l  ro u nd  

them h a s  b e en  washed away. There  a r e  o c c a s i o n a l  v a r i a t i o n s  i n  t h e  

c o m p o s i t i o n  and  a p p e a r a n c e  o f  t h e  a l l u v i u m ;  n e a r  t h e  u n c o m p a h g r i t e ,  

p a t c h e s  o f  m a g n e t i t e  s o i l  o c c u r ,  b u t  t h i s  se ldom e x te n d s  more t h a n  

3 i n c h e s  b e lo w  t h e  s u r f a c e ,  and  n o r m a l l y  o c c u p i e s  m inor  r u n - o f f  

c h a n n e l s .  The f a c t  t h a t  t h e r e  i s  so  much o f  i t  on t h e  t r a c k s  n e a r  

t h e  u n c o m p a h g r i t e  g i v e s  a  m i s l e a d i n g  i m p r e s s i o n  o f  i t s  i m p o r t a n c e ,  

a s  w a te r  r u n s  a l o n g  t h e  t r a c k s  d u r i n g  s t o r m s ,  and t h e  l i g h t e r  r e d  

m a t e r i a l  i s  washed  away, t h u s  c o n c e n t r a t i n g  t h e  f r a g m e n t a l  m a g n e t i t e .  

The amount o f  n io b iu m  i n  t h e  a l l u v i u m  i n c r e a s e s  m ark e d ly  to w a rd s  t h e  

c a r b o n a t i t e  on Kinyamungu and Engima, a  f e a t u r e  which  w i l l  be
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d e s c r i b e d  i n  C h a p te r  XI.

B e s i d e s  t h e  m a jo r  a l l u v i a l  p l a i n s  a ro u n d  Rangwa, t h e r e  a r e  

s m a l l e r  a l l u v i a l  f a n s ,  w hich  a r e  be low  t h e  o u t f l o w s  o f  some o f  t h e  

v a l l e y s  t h a t  r u n  t o  t h e  edge o f  Rangwa; t h e  b i g g e s t  f a n  o c c u r s  s o u t h  

o f  S indo  be lo w  Manganga. These  a r e  r e c e n t  f e a t u r e s ,  and t h e i r  

s u r f a c e s  d i p  more s t e e p l y  t h a n  t h e  o l d e r  a l l u v i u m ;  t h e y  a r e  h a r d l y  

g u l l e y e d ,  and  a r e  a c c u m u l a t i n g  i n t e r m i t t e n t l y  t o d a y .

The t a l u s  s l o p e s  ro u n d  Rangwa a r e  be tw een  200 and 700 f t .  

h i g h .  T h e i r  h e i g h t  i s  l e a s t  n e a r  t h e  l a k e ,  and g r e a t e s t  a t  t h e  

e a s t e r n  s i d e  o f  Rangwa ( p l a t e s  2 ,  3 ,  4 and 3 ) » T h ro u g h o u t ,  t h e  

a n g le  o f  s l o p e  i s  r e m a r k a b l y  c o n s i s t e n t ,  and se ldom  v a r i e s  much from 

3 0 ° .  I t  d i f f e r s  from t h a t  o f  t h e  s u r f a c e  o f  t h e  a l k a l i n e  p l u t o n i c s ,  

whose d ip  away from Rangwa i s  f a r  l e s s  s t e e p  and l e s s  r e g u l a r .  To 

th e  west  o f  Rangwa, where  t h e  o u t e r  edge o f  t h e  p y r o c l a s t i c s  i s  more 

i n d e n t e d ,  some o f  t h e  t a l u s  s l o p e s  a r e  p o o r l y  d e v e lo p e d ,  and a r e  

sometimes n o t  so  s t e e p .  T h i s  s u g g e s t s  t h a t  t h e  p r e s e n t  day 

d i f f e r e n c e s  o f  r e l i e f  on Raigwa a r e  a  f e a t u r e  o f  lo n g  s t a n d i n g ,  and 

th e  t a l u s  s l o p e s  t o  t h e  w e s t  a r e  p o s s i b l y  s m a l l e r  b e c a u s e  l e s s  

m a t e r i a l  was a v a i l a b l e  from above t o  f e e d  them. The i r r e g u l a r i t y  

o f  t h e  l i n e  o f  c l i f f s  t o  t h e  w e s t  i n d i c a t e s  t h a t  t h e  t a l u s  s l o p e s  

below them w ere  b u i l t  p a r t l y  from b o u l d e r s  o f  p y r o c l a s t i c  m a t e r i a l  

t h a t  was b r o k e n  up a s  t h e  c l i f f  l i n e  r e t r e a t e d .

The r e l i e f  o f  t h e  s u r f a c e  b e lo w  t h e  t a l u s  must  be  v e r y  

v a r i a b l e .  At many p l a c e s ,  t h e  u n d e r l y i n g  r o c k s  r e a c h  t h e  s u r f a c e
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t h r o u g h  t h e  t a l u s ;  no t a l u s  c o v e r s  much o f  t h e  i j o l i t e  and 

u n c o m p a h g r i t e  i n  t h e  s o u t h  and s o u t h  e a s t ,  o u t c r o p s  o f  a l k a l i n e  

p l u t o n i c s  p i e r c e  t h e  t a l u s  a t  s e v e r a l  o t h e r  l o c a l i t i e s ,  and c em en ted  

b r e c c i a  f r e q u e n t l y  o c c u r s  a t  t h e  to p  o f  t h e  t a l u s  s l o p e s  and 

sometimes lo w e r  down on them . However, a t  t h e  o u t l e t  t o  N y a n d i g id a ,  

where t h e  l e v e l  o f  t h e  v a l e y  i s  so low t h a t  t a l u s  i s  n o n e x i s t e n t ,  

no a l k a l i n e  p l u t o n i c s  o r  cem en ted  b r e c c i a  were fou n d ,  and o n l y  a  few 

f e n i t e  b o u l d e r s ,  whose p l a c e  o f  o r i g i n  i s  d o u b t f u l ,  o c c u r  on t h e  

a l l u v i a l  p l a i n s  n e a r b y .

A l th o u g h  some o f  t h e  c l i f f s  which  r i s e  a ro u n d  N y a k i r a n g a c h a  

a re  h i g h e r  t h a n  t h o s e  a t  t h e  o u t e r  edge  o f  t h e  p y r o c l a s t i c s ,  t a l u s  

s l o p e s  b e lo w  them a r e  p o o r l y  d e v e l o p e d .  T h is  may w e l l  be b e c a u s e  

t h e  lo w e r  p a r t s  o f  them a r e  c-overed by a l l u v i u m ,  b u t  i t  i s  more 

p r o b a b l e  t h a t ,  s i n c e  so much c a r b o n a t e  i s  p r e s e n t ,  c h e m ic a l  

w e a t h e r i n g  h a s  b e e n  more i m p o r t a n t  t h a n  m e c h a n i c a l ,  and few b o u l d e r s  

f e l l  t o  form t a l u s .

The b o u l d e r s  i n  t h e  t a l u s  a r e  a n g u l a r ,  and se ldom  more t h a n  

a  m e t re  a c r o s s .  Sometimes t h e r e  i s  a  p a c k i n g  o f  r e d  e a r t h  b e tw e e n  

them, w hich  was p r o b a b l y  washed  i n  l a t e r ,  a s  i t  i s  most  e v i d e n t  

below t h e  s m a l l  v a l l e y s  w h ich  c u t  Rangwa. P re su m ab ly  t h e  most 

p r e v a l e n t  b o u l d e r  s i z e  d i c t a t e d  t h e  a n g l e  o f  r e s t ,  and hence  t h e  

a n g le  o f  s l o p e  o f  t h e  t a l u s .  Very l a r g e  b o u l d e r s  o f  t u f f  and 

a g g lo m e r a t e ,  t h e  b i g g e s t  o f  which  i s  8 m e t r e s  a c r o s s ,  r e s t  on t h e  

a l l u v iu m ,  and some o f  t h e s e ,  s p e c i a l l y  t h e  b o u l d e r s  o f  Bedded T u f f
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t o  t h e  n o r t h  e a s t  o f  Rangwa, had a  momentum which  c a r r i e d  them a t  

l e a s t  a  h u n d r e d  y a r d s  beyond  t h e  b a s e  o f  t h e  t a l u s .

The s o i l  on Rangwa i s  w i d e s p r e a d  and t h i c k ,  and to w a rd s  t h e  

h i g h e r  and f l a t t e r  p a r t s  o f  t h e  m o u n ta in  i t  e n v e lo p e s  most  o f  t h e  

s o l i d  r o c k .  I t  i s  fo rm ed from t h e  d i s i n t e g r a t i o n  o f  t h e  p y r o c l a s t i c s ,  

and on t h e  Upper A g g lo m e r a te ,  some o f  t h e  s o i l  s t i l l  r e t a i n s  t e x t u r e s  

from t h e  o r i g i n a l  r o c k .  The e n d p r o d u c t  i s  s i m i l a r  t o  t h e  r e d  

m a t e r i a l  i n  t h e  a l l u v i u m ,  and t h e  p r o c e s s  o f  s o i l  f o r m a t i o n  which  i s  

a c t i v e  t o d a y  m ust  have  b e e n  r e s p o n s i b l e  f o r  p r o v i d i n g  t h e  r e d  e a r t h  

which was washed  down a s  a l l u v i u m .  Today however ,  v e r y  l i t t l e  s o i l  

i s  washed from Rangwa, a s  most  o f  t h e  r a i n f a l l  s i n k s  i n t o  t h e  p o r o u s  

p y r o c l a s t i c s .  So i t  i s  assumed t h a t  when th e  a l l u v i u m  was d e p o s i t e d  

th e  r a i n f a l l  was g r e a t e r .

2.  THE EROSION HISTORY OF RANGWA.

Some o f  t h e  main e v e n t s  i n  t h e  e r o s i o n  h i s t o r y  o f  Rangwa can  

be deduced from t h e  d e s c r i p t i o n s  o f  t h e  l a t e  d e p o s i t s .

P r i o r  t o  t h e  d e p o s i t i o n  o f  t h e  s e c o n d a r y  b r e c c i a  and cem en ted  

g r a v e l ,  e r o s i o n  p r o c e e d e d  t o  c o n s i d e r a b l y  be low  t h e  p r e s e n t  l e v e l  o f  

a l lu v iu m  r o u n d  Rangwa ( F i g u r e s  32 and 3 3 ,  i l l u s t r a t i n g  t h e  e r o s i o n  

h i s t o r y  o f  Rangwa);  t h i s  i s  e v i d e n t  from t h e  l a c k  o f  e x p o su re  a t  t h e  

bo t tom s  o f  t h e  deep  g u l l e y s  i n  t h e  a l l u v i u m .  So a f t e r  t h e  f i n a l  

i g n eo u s  a c t i v i t y  on Rangwa, e r o s i o n  removed th e  p r o b a b l e  n e p h e l i n i t e  

a g g lo m e ra te  and l a v a  c a p p i n g  w i t h i n  t h e  a r e a  o f  s u b s i d e n c e ,  a s  w e l l
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as much of the lava, agglomerate and shattered basement in the 

surrounding country. The process by which this is presumed to have 

happened will be explained in Part III, since it was mainly controlled 

by the pattern of faulting and erosion elsewhere on the volcano.

Before the deposition of the secondary breccia and cemented gravel, 

the shape of Pangwa was much the same as it is today, except that 

the relief was more exaggerated; Rangwa itself must have been 

several hundred feet higher, since some of the material that forms 

the alluvium was eroded from Rangwa at a later stage, and the arena 

of Nyakirangacha and most of the large erosion *'caldera” must have 

been in existence, only without their thick blanket of alluvium.

At this early stage, erosion proceeded to a base level that v/as at 

least a hundred feet below the present level of Lake Victoria, and 

most of the erosion products were washed right out of the area.

This is essential, as the constituents of the cemented gravel, 

secondary breccia, alluvium and talus have been washed or have 

fallen into the area after the original erosion products were 

removed. So, before any sedimentation, Rangwa existed, and had far 

higher bounding cliffs than it has today.

The form of the land-surface at the bases of the cliffs is 

not at all clear. In the south and south east the ijolite and 

uncompahgrite were at much the same erosion level as they are today, 

since they are covered by secondary breccia which underlies the 

alluvium laterally and is thought to have formed on an old land
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surface. Elsewhere the expanse of alluvium and talus is so large 

that the sort of surface which lies beneath is not known. Erosion 

to the low base level must have taken place in a wet period during 

which there were large rivers; otherwise the material could not 

have been transported so far.

A remarkable feature of the erosion of Rangwa and its 

surroundings is that the pyroclastic cliffs have survived in their 

present position for so long without backward erosion except in the 

west, whereas the nephelinite lava and agglomerate have retreated 

several miles. A possible reason for this is that erosion proceeded 

preferentially round the edge of the central area which had subsided, 

until it reached the base of the nephelinite lavas and agglomerate 

immediately outside the boundary of the subsided block. Then 

downward erosion proceeded in the basement which had been weakened 

and shattered by updoming, brecciation and faulting; also the newly 

formed scarp of volcanics was eroded backwards, both because the 

outward dipping pre-volcanic surface was soft and easy to wear away, 

and because the thicker layers of agglomerate were undercut; this 

process is continued today on the larger cliffs on Usengere. Once 

such a trend of erosion had been set, Rangwa itself was not affected 

so much, because the rocks there are so porous that runoff was 

comparatively small, and because there was no line of wealoiess like 

the base of the volcanics which the erosion could follow easily.

Vidiere the alkaline plutonics to the south and south east of Rangwa
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reach a high level, erosion v/as impeded also, and, when all the 

really shattered basement was removed, the volcanic scarp began to 

suffer erosion more quickly than the underlying basement. This 

accounts for the present day pattern of basement hills within the 

volcanic scarp.

As soon as a breach had been made from the central part of 

Rangwa to the north west, the direction to which most of the erosion 

products of the central part of the volcano were carried, the material 

within the central arena was eroded preferentially, until the top of 

the Kinyamungu Garbonatite was reached, and the irregular form of 

this proved resistant while material round it was washed away. The 

course followed by the erosion of the rest of Rangwa was set by the 

inward dipping planes of bedding, banding and carbonatite conesheet 

intrusion, so that the main drainage outside Nyakirangacha is 

concentric, and the largest valleys, Omwoyo and Nyandigida, are 

curved.

After the carving out of the large amphitheatre round Rangwa 

and the smaller one within Rangwa, the downward erosion on Rangwa 

and the backward erosion of the volcanic scarps continued, to 

provide the components of the cemented gravel and the secondary 

breccia. However, the base level was raised considerably, and, 

although evidence is scant, it is thought that much of the area that 

had been hollowed out by previous erosion was covered by a lalce, in 

which calcareous material and erosion products were deposited. The
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p r e s e n t  day s u r f a c e  o f  t h e  a l k a l i n e  p l u t o n i c s  to  t h e  s o u t h  e a s t

r o u g h l y  c o r r e s p o n d s  to  t h e  o l d  l a n d  s u r f a c e ,  and t h e  e a r l y  t a l u s

s l o p e s  r o u n d  Rangwa were cem ented  by c a l c a r e o u s  m a t e r i a l .

T here  t h e n  f o l l o w e d  a  p e r i o d  o f  even  h i g h e r  l a k e  l e v e l  and 

wet c l i m a t e .  The h e i g h t  t o  which  t h e  l a k e  r o s e  can n o t  be a s s e s s e d  

from d i r e c t  e v i d e n c e  a s  t h e r e  a r e  no o b v io u s  e r o s i o n  b e n c h e s  a t  a 

h ig h  l e v e l  r o u n d  Rangwa, b u t  i t  i s  t h o u g h t  to  have been a t  l e a s t  

200 f t .  above  t h e  p r e s e n t  day l a k e  l e v e l ,  t h e  h e i g h t  to  which  t h e  

a l l u v i a l  p l a i n s  a ro u n d  Rangwa r i s e .  D ur ing  t h i s  p e r i o d ,  a l l  t h e  

r e d  a l l u v i u m  and u n s o r t e d  g r a v e l  was swept  down and d e p o s i t e d ,  a f t e r  

t h e  s u r f a c e  p y r o c l a s t i c s  on Rangwa had f i r s t  be en  c o n v e r t e d  t o  s o i l .  

In  w e t t e r  c o n d i t i o n s  s o i l  f o r m a t i o n  must  have p r o c e e d e d  q u i c k l y  on 

Rangwa, b e c a u s e  o f  t h e  p o r o s i t y  o f  t h e  r o c k s  t h e r e ,  and b e c a u s e  t h e  

s o i l  was removed a s  i t  was fo rm ed ,  u n l i k e  t o d a y .

The f i n a l  s e r i e s  o f  e v e n t s  was a  spasm odic  f a l l  i n  t h e

l e v e l  o f  t h e  la ice ,  w hich  c a u s e d  t h e  s t e e p s i d e d  g u l l e y s  t h a t  c u t  t h e  

a l l u v i u m  ( p l a t e s  197 and I 9 8 ) .  Tha t  t h e  f a l l  was spasm odic  can  be 

d e m o n s t r a t e d  w e l l  a t  o t h e r  l o c a l i t i e s  ro u n d  Lake V i c t o r i a  by t h e  

o c c u r r e n c e  o f  a  s u c c e s s i o n  o f  e r o s i o n  l e v e l s ,  and on Rangwa t h e r e  

i s  e v id e n c e  t h a t  t h e  l a k e  l e v e l  r e m a in e d  s t a t i o n a r y  a t  two h e i g h t s .  

The h i g h e r  one i s  a t  60 -  100 f t .  above t h e  p r e s e n t  l e v e l ,  and can  

be shown t o  e x i s t  from t h e  d e p t h s  o f  some o f  t h e  l o n g e r  g u l l e y s  a lo n g  

t h e i r  c o u r s e s .  B o th  i n  N y a k i r a n g a c h a  and i n  t h e  a r e a  t o  t h e  w es t  

o f  Rangwa, t h e  g u l l e y s  ,a t t a i n  a  g r e a t  d e p th  above t h e  100 f t .  l e v e l ;
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t o w a rd s  i t ,  t h e y  g r a d u a l l y  d i e  o u t ,  u n t i l  t h e y  a r e  o n ly  5 -  10 f t .  

deep .  S i n c e  t h e  a l l u v i u m  t h e y  c u t  i s  u n c o n s o l i d a t e d ,  t h e r e  a r e  

no c o r r e s p o n d i n g  e r o s i o n  b e n c h e s ,  b u t  i t  i s  t h o u g h t  t h a t  i t  i s  a  

l e v e l  a t  w h ich  t h e  g u l l e y s  once  p o u r e d  m a t e r i a l  i n t o  t h e  l a k e .

Below i t ,  t h e  g u l l e y s  d e ep en  u n t i l  20 -  30 f t .  above t h e  p r e s e n t  

l e v e l  o f  t h e  l a k e  w h ich  i s  m arked by b o t h  an e r o s i o n  b en ch  a lo n g  t h e  

l a k e  t o  t h e  n o r t h  o f  Rangwa, and by t h e  f a c t  t h a t  a l l  t h e  g u l l e y s  

p e t e r  o u t  a g a i n .

I t  i s  f e l t  t h a t  i f  t h e  g r a d i e n t s  o f  some o f  t h e  g u l l e y s  were  

m easured  a c c u r a t e l y  i t  would  be  c o n f i r m e d  t h a t  t h e  p r o f i l e s  show t h a t  

t h e y  have b e e n  g r a d e d  t o  a t  l e a s t  two b a s e  l e v e l s ,  and  f u r t h e r  

e r o s i o n  i s  b e g i n n i n g  t o  form new g u l l e y s  which  s t a r t  a t  t o d a y ' s  l a k e  

l e v e l .
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ECONOMIC GEOLOGY

The economic  p o t e n t i a l  o f  Rangwa h a s  n o t  b e e n  i n v e s t i g a t e d  

f u l l y ,  b u t  i t  i s  p o s s i b l e  to  e n l a r g e  on M c C a l l ' s  b r i e f  s u r v e y  o f  

t h e  a r e a ' s  r e s o u r c e s  ( 1 9 5 8 ) .  The a r e a  o f  o u t c r o p  o f  t h e  c a r b o n a t i t e z  

i s  s m a l l ,  and  many o f  t h e  r a d i o a c t i v e  and r a r e  e a r t h  m i n e r a l s  t h a t  

a r e  a s s o c i a t e d  w i t h  some o t h e r  c a r b o n a t i t e  c e n t r e s  were n o t  f o u n d .  

However, t h e  c e n t r a l  c a r b o n a t i t e s  c o n t a i n  p y r o c h l o r e ,  n e a r l y  a l l  

t h e  r o c k s  c o n t a i n  a p a t i t e  and t h e  i n t r u s i v e  body to  t h e  s o u t h e a s t  

i s  t i t a n i u m - r i c h .  The d i s t r i b u t i o n  p a t t e r n  and p o s s i b l e  economic  

i m p o r t a n c e  o f  n io b iu m ,  p h o s p h o r u s  and t i t a n i u m  a r e  c o n s i d e r e d  h e r e .

1. NIOBIUM.

E xcep t  f o r  t h e  s t r e a k s  t h a t  a r e  r i c h  i n  i r o n  o re  i n  t h e  

Kinyamungu C a r b o n a t i t e ,  t h e  p y r o c h l o r e  c o n t e n t  o f  t h e  c a r b o n a t i t e s  

and b r e c c i a s  on Rangwa i s  v e r y  low, and  bu t  f o r  p e r o v s k i t e ,  which  

i s  r a r e  i n  t h e  c a r b o n a t i t e s ,  no o t h e r  n i o b i u m - b e a r i n g  m i n e r a l s  were  

found .  Nor i s  t h e r e  any p y r o c h l o r e  i n  t h e  a l k a l i n e  p l u t o n i c s  o r  

p y r o c l a s t i c s .  None o f  t h e  c a r b o n a t i t e s  s u p p o r t  a r e a s  o f  deep 

w e a t h e r i n g  where  t h e r e  c o u l d  have b e e n  p y r o c h l o r e  e n r i c h m e n t .  The 

main p o s s i b i l i t y  o f  f i n d i n g  Nb^O^ i n  economic  q u a n t i t i e s  i s  i n  t h e  

a l l u v i u m ,  where  n i o b i u m - r i c h  m a t e r i a l  c o u ld  have b een  washed o u t  o f  

th e  c a r b o n a t i t e s  and c o n c e n t r a t e d .  To. a s s e s s  t h e  p r o s p e c t s ,  s a m p le s
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were c o l l e c t e d  from t h e  main - d r a i n a g e  on and a ro u n d  Rangwa; t h e s e  

were a n a l y s e d  for content by t h e  U n i t e d  N a t io n s  M i n e r a l

Resources Survey i n  Western Kenya. Dr. J a f i e ,  t h e  p r o j e c t  m anager ,  

has  k i n d l y  s u p p l i e d  the result. B e f o re  e v a l u a t i n g  t h e  r e s u l t s ,  i t  

must be s t a t e d  t h a t ,  although c o l l e c t e d  from th e  p r e s e n t - d a y  d r a i n a g e  

p a t t e r n ,  t h e  s a m p le s  a r e  from a l l u v i u m  which  was washed down when 

th e  b a s e  l e v e l  was f a r  h i g h e r ,  and before t h a t  p a t t e r n  was 

established. The v a l u e s  i n  p a r t s  p e r  m i l l i o n  a r e  plotted on 

F ig u r e  34 ,  and t h e s e  o b s e r v a t i o n s  and d e d u c t i o n s  a r e  made from t h e m : -

1 .  Va lues  a r e  h i g h e s t  (up to  4 ,0 0 0  ppm) n e a r  Kinyamungu and

Engima, the l a r g e s t  o u t c r o p s  o f  Kinyamungu C a r b o n a t i t e ;  t h i s  

i n d i c a t e s  t h a t  t h e y  a r e  t h e  main  sources o f  Nb^O_, and v e r i f i e s  t h e  

p é t r o g r a p h i e  e v i d e n c e .

2 .  V a lues  from t h e  d r a i n a g e  o f f  t h e  E k io ja n g o  C a r b o n a t i t e  

a r e  s u b s t a n t i a l l y  l o w e r ,  g e n e r a l l y  a b o u t  1 ,0 0 0  ppm, a g a i n  what was 

e x p e c t e d  from t h e  p e t r o g r a p h y .

3 .  N o r th  o f  t h e  Kiako C a r b o n a t i t e ,  v a l u e s  r i s e  t o  abou t

600 ppm o r  n e a r l y  t w i c e  t h e  b a c k g r o u n d ;  i t  i s  l i k e l y  t h a t  t h e y  were

affected by m a t e r i a l  washed from t h e  Kiako C a r b o n a t i t e ,  a l t h o u g h  no 

p y r o c h l o r e  was fou n d  t h e r e ,  a s  t h e  v a l u e s  f a l l  a g a i n  to  t h e  e a s t  and 

w e s t .  S i n c e  t h e  v a l u e s  f rom Ikoyombe, by c o n t r a s t ,  a r e  c o n s i s t e n t l y  

low, i t  i s  t h o u g h t  u n l i k e l y  t h a t  l a r g e  a r e a s  o f  c a r b o n a t i t e  r e m a in  

u n d i s c o v e r e d  i n  t h e  t h i c k l y  wooded h i l l s  t o  t h e  s o u t h e a s t  o f  Rangwa.
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4. Slight enrichment, up to about pOO ppm, occurs on parts 

of the ijolite-uncompahgrite complex, and is probably cuased by 

niobium in the perovskite.

p. Otherwise, values conform to a background of 30 - 250 ppm 

in the east and 400 - 500 ppm in the west. The difference may be 

due to the carbonatite on Mwisasu and the larger number of small 

carbonatite dykes and conesheets in the west.

6 . A high value (5,000 ppm) is given by the only sample which 

could represent recent drainage of the carbonatites in Nyakirangacha, 

collected from the flats by the lake shore near Rowo.

If the alluvium is, on average, 150 ft. deep in Nyakirangacha, 

and the wb^O^ content does not decrease with depth, the area round 

Kinyamungu and Engima, where values of 2,000 ppm or more were 

recorded, represents an ore body of 12,000,000 tons of .2% Nb^O^.

The United Nations mineral Resources Survey are at present 

(April - June I9 6 7 ) carrying out a pitting programme in Nyalcirangacha. 

But, in advance of their results, it would seem unduly optimistic to 

expect the Nb 0^ values to remain constant at depth. Since theCL Jy

Kinyamungu Carbonatite is probably the top of a larger body of 

carbonatite, the lower parts of the alluvium would be expected to 

contain smaller amounts of Nb^O^, as less of the carbonatite would 

have been exposed when they were deposited, and the alluvium 

accumulated too fast for much Tfb^O^ to have been concentrated.

Even at the above optimistic assessment, the ore body is
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uneconomic  a t  c u r r e n t  p r i c e s  o f  n io b iu m ,  and t h e  d e p o s i t  i s  v e r y  

much s m a l l e r  and  lo w e r  g r a d e  t h a n  some o t h e r s  i n  A f r i c a  which  a r e  

n o t  b e in g  m ined  a t  p r e s e n t .  For  exam ple ,  a t  Panda H i l l ,  t h e r e  a r e  

1 2 5 ,0 0 0 ,0 0 0  t o n s  o f  . 5/o o r e  and  4 , 5 0 0 , 0 0 0  t o n s  o f  .79% o r e ,

a l l  i n  s o v i t e  (van  d e r  Veen I 9 6 5 ) ,  and  a t  Mrima r e s i d u a l  s o i l s  c o u l d  

y i e l d  4 9 , 0 0 0 , 0 0 0  t o n s  o f  .7% 2^5 ^.nd 4 , 5 0 0 , 0 0 0  t o n s  o f

1 . 25% I'Tb̂ 0^ o r e  ( C o e tz e e  and Edwards 1 9 5 9 ) ,  and lo w e r  g r a d e  d e p o s i t s  

have no economic  i m p o r t a n c e  e x c e p t  when t h e y  a r e  v e r y  l a r g e  and 

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

IhD 0 c o u l d  be e x t r a c t e d  a s  a  b i - p r o d u c t  a f t e r  p h o s p h a t e .
cL Jy

U n l e s s  t h e  p r i c e  o f  n io b iu m  i s  i n c r e a s e d  c o n s i d e r a b l y ,  i t  

seems t h a t  t h e  b e s t  hope o f  f i n d i n g  w o r k a b le  d e p o s i t s  o f  Ifb^O^ i s  

to  f o l l o w  M c C a l l ' s  a d v i c e  ( 1 9 5 8 ) ,  and d r i l l  a  deep h o l e  i n  t h e

m id d le  o f  N y a k i r a n g a c h a ,  i n  t h e  e x p e c t a t i o n  o f  s t r i k i n g  p y r o c h l o r e -

r i c h  c a r b o n a t i t e .

2 .  PHOSPHATE.

P h o s p h a t e  i s  t h e  one m i n e r a l  found  on and a ro u n d  Rangwa which

c o u ld ,  i f  found  i n  economic  q u a n t i t i e s ,  be  u se d  i n  E a s t  A f r i c a .

A p a t i t e  o c c u r s  i n  m in o r  q u a n t i t i e s ,  up t o  5%, i n  t h e  a l k a l i n e  p l u t o n i c s  

and E k io j a n g o  C a r b o n a t i t e .  B ecau se  o f  d i f f i c u l t i e s  o f  s e p a r a t i o n ,  

t h e s e  o c c u r r e n c e s  a r e  n o t  c o n s i d e r e d  t o  be o f  economic i m p o r t a n c e .

I t  i s  n o t  Imown t o  what  e x t e n t  a p a t i t e  i s  c o n c e n t r a t e d  i n  t h e  

s o i l ,  a s  s s m p le s  o f  a l l u v i u m  have n o t  b e e n  a n a l y s e d  f o r  p h o s p h a t e .
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However,  t h e  b e d d ed  a l l u v i u m  ro u n d  Rangwa i s  n o t  an i d e a l  e n v i ro n m e n t  

f o r  t h e  d i f f e r e n t i a l  a c c u m u l a t i o n  o f  a p a t i t e .  The a l l u v i u m  was 

washed down o f f  Rangwa, and s i n c e  a p a t i t e  h a s  a  s p e c i f i c  g r a v i t y  

o f  3 . 1 , o n l y  s l i g h t l y  more t h a n  t h a t  o f  c a l c i t e  and l e s s  t h a n  any o f  

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

o p p o r t u n i t y  f o r  s e c o n d a r y  e n r i c h m e n t ,  as  t h e  a p a t i t e  would t e n d  to  be 

washed o u t  a t  t h e  same r a t e  a s  t h e  c a r b o n a t e .

3 . TITANIUI-I.

A l th o u g h  t h e  u n c o m p a h g r i t e  to  t h e  s o u t h e a s t  o f  Rangwa may 

c o n t a i n  up t o  10% o f  t i t a n i a ,  t h e s e  a r e  u n l i k e l y  to  be o f  economic 

i m p o r t a n c e ,  a s  (Deans I 9 6 7 ) t i t a n i u m  i s  one o f  th e  e l e m e n t s  "w hich  

a r e  r e a d i l y  a v a i l a b l e  from o t h e r  t y p e s  o f  m i n e r a l  d e p o s i t ,  and 

l i k e l y  t o  be u t i l i s e d  o n l y  i f  s p e c i a l  i n c e n t i v e s  a r i s e " .  I t  i s  h a r d  

to  se e  what  s p e c i a l  i n c e n t i v e s  c o u ld  a r i s e  h e r e ,  a s  t h e  d e p o s i t  i s  

too  s m a l l  and to o  f a r  from l i n e s  o f  co m m unica t ion  to  be mined on i t s  

own, and no m i n e r a l  o f  economic  i m p o r t a n c e  e x i s t s  from which  i t  

c o u ld  be e x t r a c t e d  a s  a  b i - p r o d u c t .



PART III

THE EVOLUTION OF THE KISINGIRI VOLGAÎ-ÎO
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XII

THE SEDIMENTATION PATTERl^ ON TEE KISINGIRI VOLCANO

In  t h i s  c h a p t e r ,  an  a t t e m p t  i s  made to  c o r r e l a t e  some o f  t h e  

r o c k  t y p e s  on Rangwa w i t h  t h o s e  on t h e  r e s t  o f  t h e  v o l c a n o .  To 

t h i s  end ,  t i ie  main r o c k  t y p e s  found  on t h e  p e r i p h e r y  a r e  d e s c r i b e d  

b r i e f l y ,  and some e v i d e n c e  i s  g i v e n  b o t h  f o r  t h e i r  mode o f  o r i g i n  

and s o u r c e .  T e n t a t i v e  g r o u n d s  f o r  c o r r e l a t i o n  a r e  t h e n  p r e s e n t e d .

1 .  DESCRIPTION OF THE ROCKH ON THE PERIPHERY OF THE VOLCANO.

The r o c k s  a r e  c o n s i d e r e d  u n d e r  t h e  f o l l o w i n g  h e a d i n g s

1 .  P r e v o l c a n i c  and e a r l y  v o l c a n i c  s e d i m e n t s .

2 .  C o n g l o m e r a t e s .

3 .  F i n e - g r a i n e d  a s h  ( b o t h  l a i d  i n  w a t e r  and i n  a  d ry  
e n v i r o n m e n t ) .

4 .  Lava .

3 .  N e p h e l i n i t e  a g g l o m e r a t e .

6 .  I n t r a v o l c a n i c  s e d i m e n t a r y  d e p o s i t s  ( e r o s i o n  p r o d u c t s ) .  

These d i v i s i o n s  a r e  n o t  h i s t o r i c a l ,  b u t  a r e  b a s e d  on s i m i l a r i t y  o f  

r o c k  t y p e .

A. PREVOLCmiC AND EARLY VOLCANIC SEDIMENTS.

The main  a r e a  i n  w hich  s e d i m e n t s  s u r v i v e  e x p o se d ,  and where 

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

s o u t h  o f  t h e  v o l c a n o  n e a r  Karungu  ; F i g u r e 2 ) .  Most o f  t h e  s e d i m e n t s
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o c cu r  e a s t  o f  K arungu ,  where  t h e y  form a d i s c o n t i n u o u s  band b e tw e e n  

t h e  b asem e n t  and t h e  main  v o l c a n i c  p i l e  o f  n e p h e l i n i t e  a g g lo m e r a t e  

and l a v a .  The t o t a l  l e n g t h  o f  t h e  b and  o f  o u t c r o p s  i s  a b o u t  s i x  

m i l e s ,  and  t h e  s e d i m e n t s  a t t a i n  a maximum t h i c k n e s s  o f  o v e r  130 f t .  

a t  N i r a  where  t h e y  form b r o k e n  c l i f f s .

The s e d i m e n t s  were  d e s c r i b e d  f u l l y  by Oswald (1 9 1 3 ) ,  who 

d i v i d e d  them i n t o  t h r e e  g r o u p s : -

3 .  About 70 f t .  o f  s h a l e s  and g r e y  and brown c l a y s .

2 .  About 30 f t .  o f  r e d  and g r e y  c l a y s  w i t h  w h i t e  s a n d s t o n e s  
n e a r  t h e  b a s e .

1 .  About 33 f t .  o f  b u f f  s a n d s t o n e s  and t o r r e n t i a l  g r a v e l s  
w i t h  c l a y  and m a r l  a t  t h e  b a s e .

Below t h e  s e d i m e n t s  t h e r e  i s  a  q u a r t z - i r o n s t o n e  b r e c c i a ,  g r a d i n g  down

i n t o  t h e  K y a n z ia n  b a s e m e n t ,  and t h e  t o p  o f  t h e  s e d i m e n t s  ha s  b e en

e ro ded  i n t o  s m a l l  v a l l e y s  and cap p ed  by n e p h e l i n i t e  l a v a .  The

s e d im e n t s  a p p e a r  t o  t h i n  s o u t h w a r d s .  Many o f  them a r e  f l u v i a t i l e ,

and Oswald s u g g e s t e d  t h a t  t h e  g r a d u a l  change  i n  s e d im e n t  t y p e  was

caused  by t h e  d o w n grad ing  o f  a  l a r g e  r i v e r .  Most o f  t h e  d e t r i t a l

m a t e r i a l  i n  t h e  s e d i m e n t s  can  be m a tch e d  w i t h  n e a r b y  b a se m e n t ,  and

only  t h e  t o p  g ro u p  o f  b e d s  c o n t a i n s  o c c a s i o n a l  c r y s t a l s  o f  b i o t i t e

and g r e e n  p y r o x e n e ,  b o t h  u n w e a t h e r e d ,  w h ic h  a r e  p r o b a b l y  o f

T e r t i a r y  i g n e o u s  o r i g i n .  The f o s s i l  a s s e m b la g e  so f a r  c o l l e c t e d

from n e a r  K arungu  i s  b r o a d l y  s i m i l a r  t o  t h o s e  from R u s in g a ,  Mfwangano

and t h e  s i t e s  ro u n d  t h e  b a s e  o f  T i n d e r e t  (Oswald 1913 and  Kent  1 9 4 4 ) .

No s e d i m e n t s  s i m i l a r  t o  t h o s e  a t  K arungu  have  b e e n  found



2 2 4 .

e l s e w h e r e .  On R u s in g a  ( S h a c k l e t o n  1931)  and Mfwangano (W h i tw o r th  

1 9 6 1 ) ,  t h e r e  a r e  d i s c o n t i n u o u s  and p o o r l y  exp o sed  l e n s e s  o f  d e p o s i t s  

n e a r  t h e  b a s e  o f  t h e  s u c c e s s i o n  w h ich  c o n t a i n  l i t t l e  o r  no m a t e r i a l  

o f  i g n e o u s  o r i g i n .  On R u s i n g a ,  t h i n  b a n d s  o f  r u b b l y  l i m e s t o n e  

( u n i t  2 and p a r t s  o f  u n i t  4 o f  S h a c k l e t o n ’ s K i a h e r a  S e r i e s )  o u t c r o p  

to  t h e  n o r t h  and w e s t  o f  K i a h e r a  H i l l .  In  t h e  c l i f f s  a t  t h e  

s o u t h e a s t  o f  Mfwangano, a  t h i n  band  o f  l i m e s t o n e  o c c u r s  w i t h i n  

W h i t w o r t h ' s  M a k i r a  S e r i e s  ( u n i t  6 ) .  W h i tw o r th  s u g g e s t e d  t h a t  t h e  

l i m e s t o n e  on Mfwangano i s  l i k e  t h e  c a l c r e t e  formed u n d e r  t h e  s u r f a c e  

i n  s e m i - a r i d  c o n d i t i o n s  t o d a y .

B. CONGLOMERATE.

The c o n g l o m e r a t e s  o c c u r  m a i n l y  on R u s in g a  and Mfwangano 

( F i g u r e  3 8 ) .  S h a c k l e t o n  (1948)  ha s  mapped t h r e e  s e p a r a t e  bands  o f  

c o n g lo m e r a t e  on K i a h e r a  H i l l  ( U n i t s  3 ,  3 and 8 o f  t h e  K i a h e r a  S e r i e s ) ,  

and W h i tw o r th  (1933)  h a s  fo u n d  t h r e e  on Gumba, t h r e e  m i l e s  to  t h e  

w e s t .  The maximum t h i c k n e s s  o f  any o f  t h e s e  bands i s  I 30  f t .  On 

Mfwangano, W h i tw o r th  (1 9 6 1 ) h a s  d e s c r i b e d  two f a r  t h i n n e r  b an ds  o f  

c o n g lo m e r a te  w i t h i n  t h e  Mali ira  S e r i e s .  A p e r s i s t e n t  c o n g lo m e r a t e  i s  

found on R u s i n g a ,  a t  t h e  t o p  o f  S h a c k l e t o n ' s  Hiwegi  S e r i e s ,  and 

b e n e a th  t h e  n e p h e l i n i t e  a g g l o m e r a t e  ( p l a t e  2 0 1 ) .  I t  i s  w e l l  e x p osed  

on Waregi  H i l l  i n  t h e  e a s t ,  on K i a n g a t a ,  ro u n d  Lugongo, and on to p  

o f  S i e n g a  H i l l  and K i a h e r a  H i l l .  W h i tw o r th  does  n o t  r e c o r d  a  

s i m i l a r  c o n g lo m e r a t e  on Mfwangano, a l t h o u g h  t h e  lo w e r  p a r t s  o f  t h e
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n e p h e l i n i t e  a g g l o m e r a t e  t h e r e  a r e  som etim es  p a ck e d  w i t h  b o u l d e r s  

o f  b a sem en t  and a l k a l i n e  p l u t o n i c  r o c k s .

The m a t r i x  o f  t h e  c o n g lo m e r a t e  i s  se ldom  s e e n ,  and where i t

i s ,  i t  i s  h i g h l y  w e a t h e r e d  and c o n s i s t s  o f  g r e y  o r  brown t u f f a c e o u s  

m a t e r i a l .  I t  i s  v e r y  s p a r i n g  i n  amount ,  b e i n g  s u b o r d i n a t e  to  t h e  

c l o s e - p a c k e d ,  u n s o r t e d ,  ro u n d e d  o r  s u b a n g u l a r  f r a g m e n t s  o f  a g r e a t  

v a r i e t y  o f  r o c k  t y p e s  ( p l a t e s  199 sind 2 0 0 ) .  The lo w e r  c o n g lo m e r a t e s  

c o n t a i n  f r a g m e n t s  w hich  a r e  up t o  10 f t .  a c r o s s  and  p r e d o m i n a n t l y  

g r a n i t i c ,  w h e re a s  i n  t h e  u p p e r  one ,  t h e  f r a g m e n t s  a r e  s m a l l e r ,  and 

t h e  most  u s u a l  t y p e s  a r e  i j o l i t e  and m e l a n i t e  n e p h e l i n i t e .  G r a n i t e  

b o u l d e r s  were  found  b o t h  u n a l t e r e d  and i n  e v e r y  s t a g e  o f  a l t e r a t i o n ;  

some s p e c im e n s  show c r o s s - c u t t i n g  v e i n s  o f  a e g i r i n e  and s o d ic  

am ph ibo le  and  o t h e r  f e a t u r e s  a s s o c i a t e d  w i t h  f e n i t i s a t i o n  

(RFR 20 and HFR 21) f a r  b e t t e r  t h a n  any i n  s i t u  e x p o su re  on t h e  

m a in l a n d .  S m a l l  numbers  o f  f r a g m e n t s  o f  c a r b o n a t i t e  a r e  found 

u n i v e r s a l l y ,  and  s i n c e  t h e y  c o n t a i n  a e g i r i n e  a s  w e l l  a s  m a g n e t i t e  

t h e y  show g r e a t e r  a f f i n i t i e s  w i t h  t h e  e a r l y  Kiako G a r b o n a t i t e  t h a n  

to  any e x p o sed  on Rangwa t o d a y ;  most  o f  t h e  c a r b o n a t e  has  

r e c r y s t a l l i z e d  i n t o  a  f i n e - g r a i n e d  m o s a i c ,  b u t  some l a r g e  c l e a r  

c r y s t a l s  s u r v i v e .  F ra g m e n t s  o f  i j o l i t e ,  t u r j a i t e  (McCall  1938)  and

n e p h e l i n i t e  o c c u r  t o o .  Two v a r i e t i e s  o f  a lm o s t  m o n o m in e ra l i c  r o c k s

a re  fou n d  a s  f r a g m e n t s  i n  t h e  c o n g l o m e r a t e ,  a s  w e l l  a s  i n  some o f  t h e  

t u f f s .  RFR 37 c o n s i s t s  o f  o v e r  90 p e r c e n t  o f  s u b h e d r a l  c r y s t a l s  

o f  h o r n b l e n d e  up t o  3 rim l o n g ,  which  a r e  p l e o c h r o i c : -  Z = o l i v e ,
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y = p a l e  o l i v e  and X = p a l e  y e l l o w - g r e e n .  The r o c k  a l s o  c o n t a i n s  

s t r e a k s  o f  o r e  and i r r e g u l a r  i n c l u s i o n s  o f  d i o p s i d e  w i t h i n  t h e  

h o r n b l e n d e ,  w h ich  have  p r o b a b l y  b e e n  p a r t l y  a b s o r b e d .  RFR 20 

c o n s i s t s  o f  o v e r  80  p e r c e n t  o f  e l o n g a t e d  c r y s t a l s  o f  d a r k  g r e e n  

a e g i r i n e ,  w h ich  may be one c e n t i m e t r e  l o n g ,  and o c c a s i o n a l  n e e d l e s  

o f  s l i g h t l y  p l e o c h r o i c  b l u e  t o  b l u e - g r e e n  a m p h ib o le  (X:c l e s s  t h a n  

3 3 ° ,  n e g a t i v e ,  2 V s m a l l )  w h ic h  i s  p o s s i b l y  s i m i l a r  t o  t h e  a r f v e d s o n i t e  

o f  t h e  f e n i t e  ro u n d  Rangwa; t h e  a m p h ib o le  o c c u r s  e i t h e r  a s  s e p a r a t e  

c r y s t a l s  o r  w i t h i n  t h e  a e g i r i n e ,  and  b o t h  t e n d  to  r a d i a t e .  A p a t i t e  

and c a r b o n a t e  have  c r y s t a l l i z e d  i n t e r s t i t i a l l y . N e i t h e r  o f  t h e s e  

r o c k s  h a s  b e e n  found  i n  s i t u  a ro u n d  Rangwa.

D u r in g  t h e  p r e s e n t  work,  a  c a r e f u l  s e a r c h  was made f o r  s i m i l a r  

beds  on t h e  m a i n l a n d ,  e s p e c i a l l y  c l o s e  t o  t h e  i n n e r  b ou n da ry  o f  t h e  

v o l c a n i c s ,  b u t  none o f  c o m p a ra b le  e x t e n t  t o  t h e  o c c u r r e n c e s  on 

Ru s in ga  and Mfwangano were  f o u n d .  The b a s e  o f  t h e  v o l c a n i c s  i s  

nowhere w e l l - e x p o s e d ,  b u t  so m e t im es  ( e s p e c i a l l y  s o u t h  west  o f  Gembe, 

and n e a r  Ragwe, RFP 9 2 ) ,  a  b r e c c i a  w i t h  a  brown c a r b o n a t e  m a t r i x  

and f r a g m e n t s  o f  b o t h  a l t e r e d  and u n a l t e r e d  g r a n i t e  o c c u r ,  which  c o u l d  

w e l l  be r e l i c s  o f  t h e  s u b v o l c a n i c  l a n d  s u r f a c e .  Near t h e  t o p  o f  

th e  l o n g  e a s t - w e s t  g u l l e y  s o u t h  o f  G in g o ,  t h e  g r a n i t e  basem en t  w hich  

f l o o r s  most  o f  i t  i s  s u c c e e d e d  by a  b r e c c i a  t h a t  i s  p acked  w i t h  

s u b a n g u l a r  g r a n i t e  b o u l d e r s  ( p l a t e  202 and  f i g u r e  3 7 ) .  The b a se  i s  

i r r e g u l a r ,  and most  o f  t h e  f r a g m e n t s  t h e r e  a r e  p r o b a b l y  more o r  l e s s  

i n  s i t u ,  b u t  h i g h e r  up e x o t i c  f r a g m e n t s  o f  c a r b o n a t i t e  a r e  mixed w i t h



Plate 199* Fragments from conglomerate to the 
south of Kiahera Hill, Rusinga. Most of them 
are granitic. Melanite nephelinite agglomerate 
overlies the conglomerate unconformably.

Plate 200. Granitic fragments and tuffaceous 
matrix from conglomerate, south of Kiahera 
Hill, Rusinga.



Plate 201. Contact between conglomerate and
Nephelinite agglomerate on Kiangata Hill, Rusinga.

Plate 202. Conglomerate in the gulley south east of 
Gingo. The fragments are mainly granitic.
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th e  g r a n i t e .  The m a t r i x ,  w hich  i s  v e ry  w e a t h e r e d ,  i s  composed o f  

c a r b o n a t e  and  n o n c r y s t a l l i n e  o r e  (RFP 3 9 ) .  From t h e  g u l l e y ,  a  band  

o f  c o n g l o m e r a t e ,  n e v e r  more t h a n  20 f t .  t h i c k ,  can  be f o l l o w e d  

a lo n g  t h e  s o u t h e r n  f a c e  o f  N y a n a r a n d i .  The t o t a l  l e n g t h  o f  t h e  band  

i s  a b o u t  h a l f  a  m i l e ,  and i t  i s  o v e r l a i n  by m e l a n i t e  n e p h e l i n i t e ,  

which t r a n s g r e s s e s  a c r o s s  t h e  c o n g lo m e r a t e  a t  each  end .  A t h i n  

band o f  c o n g lo m e r a t e  o f  u n c e r t a i n  o r i g i n ,  which  c o n s i s t s  o f  s m a l l  

f r a g m e n ts  o f  g r a n i t e  and  f e l s p a r  r o c k  i n  a  m a t r i x  o f  v e r y  f i n e - g r a i n e d  

f e l s p a r  and a e g i r i n e ,  o c c u r s  100 f t .  above t h e  b a s e  o f  t h e  

n e p h e l i n i t e  on Kyanbunana;  i t  b e a r s  some s i m i l a r i t y  to  t h e  

a g g lo m e r a t e  on Rangwa where  i t  i s  pa ck e d  w i t h  basem en t  f r a g m e n t s .

S h a c k l e t o n  (1931)  s u g g e s t e d  t h a t  t h e  b l o c k s  i n  th e  c o n g lo m e r a t e  

were e j e c t e d  e x p l o s i v e l y .  W h i tw o r th  (1 9 3 3 ) ,  a f t e r  s t a t i n g  t h a t  " t h e  

e n t i r e  c o n t e n t  o f  t h e  Gumba b o u l d e r  bed  p r o b a b l y  r e p r e s e n t s  v o l c a n i c  

e j e c t a m e n t a " , g i v e s  two o b j e c t i o n s  t o  an e x p l o s i v e  o r i g i n ,  nam ely  

t h a t  t h e  r o u n d i n g  o f  t h e  f r a g m e n t s  i s  h a r d  to  e x p l a i n ,  and t h a t  t h e r e  

i s  no im p a c t  d i s t u r b a n c e  b e n e a t h  t h e  f r a g m e n t s ,  and s a y s  t h a t  " a  

p o s s i b l e  a l t e r n a t i v e  i s  t o  r e g a r d  t h e  b o u l d e r  bed  a s  an a l l u v i a l  f a n  

d e p o s i t  fo rm ed t h r o u g h  t h e  a g en cy  o f  m udflow".  The f a c t  t h a t ,  i n  

c o n t r a s t  t o  t h e  t r u l y  e x p l o s i v e  n e p h e l i n i t e  a g g l o m e r a t e ,  t h e  

c o n g lo m e r a t e s  a r e  o n l y  fo u n d  t o  one s i d e  o f  Rangwa a p p e a r s  t o  r u l e  

out  an e x p l o s i v e  o r i g i n  f o r  t h e  b l o c k s ,  u n l e s s  t h e  c e n t r e  o f  

e x p l o s i o n  was f a r  removed from Hangwa, a  s u p p o s i t i o n  n o t  s u p p o r t e d  by 

the  o u t c r o p  p a t t e r n  o f  t h e  c o n g l o m e r a t e s , w hich  a r e  a t  t h e i r  t h i c k e s t



228.

on K i a h e r a  and Gumba, and t h e y  t h i n  t o  t h e  n o r t h :  S h a c k l e t o n ' s

Brown B r e c c i a  t h i n s  from o v e r  130 f t .  a t  t h e  s o u t h  o f  K i a h e r a  H i l l  

t o  10 f t .  a t  t h e  n o r t h .  A lso  t h e y  t h i n  and d i s a p p e a r  to  t h e  n o r t h  

west  on Hfwangano.  To t h e  n o r t h e a s t ,  on b'yoma, t h e  c o n g lo m e r a t e  i s  

m i s s i n g ,  and t u f f  o c c u r s  b e tw e e n  t h e  b a sem en t  and n e p h e l i n i t e  

v o l c a n i c s  (McCall  193Ô, from b o r e - h o l e  e v i d e n c e ) .  B e s i d e s ,  some 

o f  t h e  m a t e r i a l  i n  t h e  c o n g l o m e r a t e ,  n o t a b l y  t h e  t u r j a i t e ,  o n ly  

o c c u r s  i n  s i t u  n e a r  Rangwa. I f  t h e  c o n g lo m e r a t e  was emplaced  as  

f lo w s ,  t h e  mechanism by which  t h e  m a t e r i a l  f low ed  i s  n o t  c l e a r .  

P re sum ab ly  ( c f .  W h i tw o r th  1933)  by t h e  t im e  t h e  f lo w s  r e a c h e d  

IRusinga and Mfwangano, t h e y  were mud f l o w s ,  s i n c e  t h e y  o f t e n  g r a d e  

v e r t i c a l l y  and l a t e r a l l y  i n t o  muddy and t u f f a c e o u s  m a t e r i a l .  The 

r o u n d in g  m ust  be due t o  t h e  f r a g m e n t s  r u b b i n g  a g a i n s t  each  o t h e r ,  

and i t  i s  p r o b a b l e  t h a t  many o f  t h e  g r a n i t i c  f r a g m e n ts  were s c o u r e d  

o f f  t h e  b a sem e n t  o v e r  which  t h e  f lo w s  moved.

The mudflows o f  t h e  B u g i sh u  S e r i e s  to  t h e  w es t  o f  Mount E lg o n  

(D av ies  1932)  a r e  a n a l o g o u s  t o  t h e  c o n g lo m e r a t e s  found on R u s in g a  

and Mfwangano b o t h  i n  t h e i r  form and i n  t h e i r  p o s i t i o n  r e l a t i v e  t o  

th e  o t h e r  v o l c a n i c s .  A s e r i e s  o f  mudflows t h a t  i s  up to  600 f t .  

o c c u rs  b e tw e e n  t h e  b a sem e n t  and  t h e  n e p h e l i n i t e  a g g l o m e r a t e ,  and  i s  

packed w i t h  a n g u l a r - s u b a n g u l a r  b o u l d e r s  o f  g r a n i t e  which  a r e  o f t e n  

as much a s  20 f t ,  a c r o s s .  These  d e p o s i t s  a r e  n o t  u n l i k e  t h o s e  

"ladus^*, w h ich  a r e  d e s c r i b e d  a s  " a v a l a n c h e s  o f  l a v a  f r a g m e n t s  mixed 

w i th  sa n d  and d u s t ,  o r i g i n a t i n g  from a c t i v e  domes o r  l a v a  f l o w s "  by
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van Benmielen, who c i t e s  t h e  huge a v a l a n c h e s  from t h e  v o lc a n o  o f  

H e ra p i  i n  I n d o n e s i a  i n  1930 a s  a  r e c e n t  example  o f  t h i s  t y p e  o f  

d e p o s i t  (1949  pp 191  -  1 9 3 ) .

G. FlfJE-GHAIhED ASH,

ihsh d e p o s i t s  o f  v a r i o u s  s o r t s  a r e  t h e  most f r e q u e n t l y  

o c c u r r i n g  r o c k  t y p e s  b e n e a t h  t h e  n e p h e l i n i t e  a g g lo m e r a t e  on R u s in g a  

and Mfwangano. Beds o f  t u f f  o c c u r  w i t h i n  t h e  K i a h e r a  S e r i e s  on 

Hus inga  and t h e  M a k i r a  S e r i e s  on Mfwangano, w i t h i n  th e  m e l a n i t e  

n e p h e l i n i t e  a g g l o m e r a t e ,  and  composing  t h e  m a jo r  p a r t  o f  t h e  Hiwegi  

Beds on H u s in g a ,  and t h e  p i s o l i t i c  t u f f s  and b lo c k y  t u f f s  on 

Mfwangano. I t  i s  e v i d e n t  t h a t  t u f f  i s  e x po sed  which  has  b e en  formed 

i n  s e v e r a l  d i f f e r e n t  ways.  Some a s h  h a s  f a l l e n  i n t o  a d ry  e n v i r o n m e n t ,  

some h a s  f a l l e n  i n t o  w a t e r ,  and some h a s  been  r e d e p o s i t e d  by w a t e r .

The a s h  may be c o n s o l i d a t e d  o r  f r i a b l e ,  and i s  n o r m a l ly  f i n e 

g r a i n e d  and composed o f  c a r b o n a t e ,  w i t h  v a r y i n g  amounts  o f  z e o l i t i c  

m a t e r i a l .  Sometimes i t  c o n t a i n s  u n a l t e r e d  e x o t i c  c r y s t a l  and 

m i n e r a l  f r a g m e n t s .  The l a r g e s t  and most c o n s p i c u o u s  m i n e r a l  and 

rock  f r a g m e n t s  i n  t h e  t u f f  a r e  o f  b i o t i t e  and h o r n b l e n d e ,  which a r e  

found m a i n l y  i n  t h e  t u f f  i m m e d i a t e l y  b e lo w  and i n t e r b e d d e d  w i t h  t h e  

m e l a n i t e  n e p h e l i n i t e  a g g l o m e r a t e .  E u h e d r a l  m a g n e t i t e s  a r e  found  i n  

some o f  t h e  t u f f s  a s s o c i a t e d  w i t h  t h e  c o n g l o m e r a t e s , e s p e c i a l l y  on 

Mfwangano, and t h e s e  may have  b e en  washed o u t  from m a g n e t i t e - r i c h  

c a r b o n a t i t e .  E u h e d r a l  m e l a n i t e ,  p r o b a b l y  d e r i v e d  from t h e  m e l a n i t e
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n e p h e l i n i t e ,  o c c u r s  i n  some o f  t h e  t u f f s  o f  S h a c k l e t o n ' s  Hiwegi  Beds 

on H u s in g a ,  and  among W h i t w o r t h ' s  P i s o l i t i c  and B locky  T u f f s  on 

Mfwangano, a l l  o f  w hich  a r e  y o u n g e r  t h a n  t h e  m e l a n i t e  n e p h e l i n i t e  

( F i g u r e  3 3 ) .  Much o f  t h e  t u f f  c o n t a i n s  v e r y  s m a l l  u n o r i e n t a t e d  

p l a t e s  o f  p a l e  brown m ic a .  P y r o x e n e s  and pseudom orphed  n e p h e l i n e s  

a r e  se ldom  found  i n  t u f f s ,  e x c e p t  when t h e y  a r e  i n t e r b e d d e d  w i t h  t h e  

n e p h e l i n i t e  l a v a s  and  a g g l o m e r a t e s .

The most i m p o r t a n t  i n c l u s i o n s  i n  t h e  t u f f  f o r  t h e  p r e s e n t  

p u rp o se  a r e  a c c r e t i o n a r y  l a p i l l i ;  These  were  n o t e d  by W hitw or th  

(1933  and 1 9 6 1 ) i n  t h e  f i s s i l e  t u f f  n e a r  t h e  t o p  o f  h i s  s u c c e s s i o n  

on Gumba, and  i n  t h e  P i s o l i t i c  T u f f  a t  t h e  n o r t h e a s t  o f  Mfwangano, 

d i r e c t l y  b e lo w  t h e  main  n e p h e l i n i t e  a g g l o m e r a t e  t h e r e .  D ur ing  t h e  

c u r r e n t  work,  numerous o c c u r r e n c e s  were  found  i n  t h e  P i s o l i t i c  T u f f  

on Mfwangano and  i n  t h e  H iwegi  Beds on H u s in g a ,  e s p e c i a l l y  n e a r  t h e  

to p  o f  K i a h e r a  H i l l ,  on W areg i  H i l l  and r o u n d  K i a n g a t a  H i l l .  I n  

t h e s e  t h e  l e n g t h  o f  t h e  m in o r  a x i s  i s  on a v e r a g e  39 p e r c e n t  o f  t h e  

major  a ic is  o r  d i a m e t e r  o f  t h e  c i r c u l a r  s e c t i o n ,  and t h e  d i a m e t e r s  

o f  t h o s e  m e a su re d  v a r i e s  b e tw e e n  4 and  9 mm (sp e c im e n s  RFH 31 and 3 2 ) .  

These m e a su re m e n ts  do n o t  v a r y  much from t h o s e  o f  t h e  a c c r e t i o n a r y  

l a p i l l i  i n  t h e  Banded T u f f  on Rangwa i t s e l f ,  i n  which  t h e  a v e r a g e  

s h o r t  a x i s  i s  62 p e r c e n t  o f  t h e  d i a m e t e r ,  and  t h e  l e n g t h  o f  t h e  

d i a m e te r  i s  n o r m a l ly  a b o u t  7*3 mm (pp 103  -  IO6) . A l th o u g h  o c c u r r i n g  

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

to  t h o s e  on Rangwa; t h e y  a r e  composed o f  t h e  same m a t e r i a l  a s  t h e
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m a t r i x  o f  t h e  t u f f ,  b u t  have  a  f i n e r - g r a i n e d ,  more r e s i s t a n t  s k i n .

The m a t r i x  c o n t a i n s  s m a l l  u n o r i e n t a t e d  f l a lc e s  o f  m ic a .  I t  i s  l i k e l y  

t h a t ,  a s  on Rangwa, t h e s e  were  d e p o s i t e d  i n  a  d ry  e n v i r o n m e n t ,  and 

t h e y  a r e  a good i n d i c a t i o n  t h a t  t h e  t u f f  i n  which  th e y  o c c u r  i s  a  

p r im a r y  o n e .  The l a p i l l i - b e a r i n g  t u f f  may be f i n e l y  bedded  ( p l a t e  2 0 3 ) ,  

b u t  u n l i k e  some o f  t h e  t u f f  e l s e w h e r e  i n  t h e  s u c c e s s i o n ,  i t  was 

n e v e r  found  t o  be c r o s s - b e d d e d .

No e x t e n s i v e  d e p o s i t s  o f  p r o v e d  p r i m a r y  t u f f  were found  be low  

or  w i t h i n  t h e  n e p h e l i n i t e  and  n e p h e l i n i t e  a g g lo m e r a t e  s u c c e s s i o n  on 

th e  m a i n l a n d ,  so t h a t  t h e  m ain  t u f f  o n l y  o c c u r s  i n  an a r c  to  t h e  

n o r t h  and n o r t h w e s t  o f  Rangwa. As i t  h a s  b e e n  shown t h a t  t h e  

c o n g lo m e r a t e  w i t h  w hich  much o f  t h e  t u f f  i s  a s s o c i a t e d  o r i g i n a t e d  i n  

th e  v i c i n i t y  o f  Rangwa, i t  i s  r e a s o n a b l e  t o  assume t h a t  most o f  t h e  

t u f f  came from t h e r e  t o o .  B ecau se  o f  t h e  i r r e g u l a r  e r o s i o n  s u r f a c e s  

t h a t  have  o f t e n  b e e n  c u t  i n t o  t h e  t u f f ,  and  t h e  f a c t  t h a t  s e p a r a t e  

b eds  o f  t u f f  t e n d  t o  merge  a s  t h e  i n t e r c a l a t e d  d e p o s i t s  wedge o u t ,  

th e  t u f f s  do n o t  n e c e s s a r i l y  t h i n  away from Rangwa o v e r  s h o r t  

d i s t a n c e s ,  b u t  i t  can  be s e e n ,  e s p e c i a l l y  i n  t h e  P i s o l i t i c  T u f f  on 

Mfwangano (W h i tw o r th  I 9 6 1 ) ,  t h a t  t h e  g r a i n s i a e  becomes l a r g e r  and 

the  i n c l u d e d  f r a g m e n t s  more f r e q u e n t  t o w a r d s  t h e  s o u t h .  As i t  i s  

u n l i lv e ly  t h a t  s i m i l a r  t h i c k n e s s e s  o f  t u f f  have  b e en  e ro d e d  away on 

every  o t h e r  s i d e  o f  Rangwa, i t  i s  s u g g e s t e d  t h a t  t h e  d i s t r i b u t i o n  

p a t t e r n  o f  t h e  t u f f  was c o n t r o l l e d  by t h e  w ind ,  w hich  i m p l i e s  t h a t  t h e  

p r e v a i l i n g  wind d i r e c t i o n  was from t h e  s o u t h e a s t .



Plate 2 0 3 . Tuff containing accretionary lapilli 
near the top of Kiahera Hill, Husinga.

m

Plate 204. Melanite nephelinite hy the lake at 
Gingo. It contains large fragments of ijolite 
and basement.
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D. LAVA.

Most o f  t h e  l a v a  from t h e  K i s i n g i r i  Volcano i s  n e p h e l i n i t i c , 

c o n t a i n i n g  v a r y i n g  p r o p o r t i o n s  o f  p y ro x e n e  and n e p h e l i n e  ( g e n e r a l l y  

h i g h l y  z e o l i t i s e d )  a s  p h e n o c r y s t s ,  w i t h ,  so m e t im es ,  r n e l i l i t e ,  b o t h  

as  p h e n o c r y s t s  and  i n  t h e  g ro u n d m ass .  McCall  ( I 9 5 8 ) ha s  g i v e n  b r i e f  

p é t r o g r a p h i e  d e s c r i p t i o n  o f  v a r i e t i e s  o f  t h e  l a v a .  The l a v a  

f r e q u e n t l y  c o n t a i n s  f r a g m e n t s  o f  n e p h e l i n i t e  o f  l i k e  c o m p o s i t i o n .

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

an a g g l o m e r a t e  by S h a c k l e t o n ,  W h i tw o r th  and McCall )  t h a t  were 

examined show a l a v a  g roundm ass  which  i s  v e r y  r i c h  i n  l a r g e  and 

s c a r c e l y  a l t e r e d  e u h e d r a l - s u b h e d r a l  n e p h e l i n e s  ( p l a t e  2 0 3 ) .  The 

l a v a  c o n t a i n s  r o u n d e d  f r a g m e n t s  o f  i j o l i t e  ( p l a t e  2 0 6 ) ,  which  may 

be s e v e r a l  f e e t  a c r o s s  and  o f t e n  have i n d e t e r m i n a t e  edges  a c r o s s  

which t h e  n e p h e l i n e s  a r e  b r o k e n  up and t h e  p y r o x e n e s  a r e  c o n v e r t e d  

t o  a e g i r i n e .  The n e p h e l i n e  o f  t h e  i j o l i t e  f r a g m e n t s  i s  a n h e d r a l .

The m e l a n i t e ,  when i t  o c c u r s  i n  t h e  l a v a ,  i s  e u h e d r a l  and g e n e r a l l y  

zoned w i t h  s m a l l  i n c l u s i o n s  o f  s p h e n e ,  b u t  i n  t h e  i j o l i t e  i t  i s  

a n h e d r a l  and  grows w i t h i n  and a lo n g  t h e  ed g es  o f  p y r o x e n e ,  and 

r e p l a c e s  p e r o v s k i t e  (RFP 3 4 ) ;  l a r g e r  e u h e d r a l  sp he n e  i s  som etim es  

p r e s e n t  i n  i j o l i t e  f r a g m e n t s  (RFP 1 0 9 ) .  The m e l a n i t e  n e p h e l i n i t e

0-lso c o n t a i n s  f r a g m e n t s  o f  p y r o x e n i t e  ( w i t h o u t  m a g n e t i t e  o r  b i o t i t e ) ,  

and n e p h e l i n e  s y e n i t e  (RFP IO9 ) ,  w h ich  c o n s i s t s  o f  e q u a l  q u a n t i t i e s  

o f  n e p h e l i n e  and tw in n e d  l a t h s  o f  o r t h o c l a s e .  O f t e n ,  e s p e c i a l l y  on 

th e  m a i n l a n d ,  t h e  r o c k  c o n t a i n s  h a r d l y  any f r a g m e n t s ,  and two



Plate 2 0 5 . Typical texture of melanite nephelinite, 
with pyroxenes and euhedral unaltered nephelines. 
The melanite crystals, which are euhedral and 
black do not show clearly. (RFR25). x25.

« # # #
fi

Plate 206. Negative of a thin section of melanite 
nephelinite showing the edges of an ijolite and 
a melteigite fragment and the lava between. Black 
is nepheline, and grey pyroxene. The lava carries 
both euhedral nephelines, and anhedral fragmental 
ones. (RPP3 4). x8.



S'oeciiiiens of felspar-bearing lava were collected from within the 

melanite nephelinite on Husinga and Mfwangano (RFH 3 and RFH 2 9 ) ;

RFR 3 c o n t a i n s  l a r g e  l a t h s  o f  tw in n e d  o r t h o c l a s e  and t h e  f e l s p a r  

i n  RFl'I 29 i s  p r o b a b l y  a n o r t h o c l a s e  w h ich  shows v e r y  f i n e  p o l y s y n t h e t i c  

t w i n n i n g .  A p a r t  from i j o l i t e  and m e l a n i t e  n e p h e l i n i t e  s i m i l a r  t o  

t h e  g r o u n d m a s s ,  o t h e r  t y p e s  o f  f r a g m e n t s  i n c l u d e  g r a n i t e  and 

c a r b o n a t i t e ,  p r o b a b l y  b o t h  p i c k e d  up from t h e  u n d e r l y i n g  d e p o s i t s .

So, except for what has been redeposited secondarily, the melanite 

nephelinite is considered to be a xenolithic lava.

The main o u t c r o p s  o f  m e l a n i t e  n e p h e l i n i t e  a r e  on R u s in g a  

( S h a c k l e t o n * s  Rusinga* A g g lo m e ra te )  and Mfwangano ( W h i t w o r t h ' s  Lower 

A g g l o m e r a t e ) .  On R u s in g a ,  t h e y  a r e  up t o  300 f t .  t h i c k ,  and h i g h l y  

t r a n s g r e s s i v e  on t h e  u n d e r l y i n g  c o n g lo m e r a t e s  and t u f f s  o f  t h e  

K i a h e r a  S e r i e s ;  t h e  c o n t a c t  i s  i r r e g u l a r ,  and some o f  t h e  u n d e r l y i n g  

b e d s  a r e  c u t  o u t  on K i a h e r a  H i l l  and most  o f  them on Lugongo and 

S i e n g a  a t  t h e  c e n t r e  o f  R u s i n g a .  On Mfwangano, i t  i s  a l s o  

t r a n s g r e s s i v e ,  and  up t o  200 f t .  o f  i t  a r e  exp o sed ;  t o w a r d s  t h e  

s o u t h e a s t  o f  Mfwangano, m e l a n i t e  n e p h e l i n i t e  i s  m i s s i n g ,  p r o b a b l y  

b e c a u s e  o f  a  l a t e r  u n c o n f o r m i t y  (W hi tw or th  I 96I ) .  On t h e  m a i n l a n d ,  

m e l a n i t e  n e p h e l i n i t e  i s  e x p o se d  b e tw e e n  S indo  and M bi ta  on K i b i b u r a  

and Nyatnarandi  ( F i g u r e  3 7 ) ;  i t s  g r e a t e s t  t h i c k n e s s  i s  a b o u t  100 f t . ,  

and i t s  t r a n s g r e s s i v e  b a s e  r e s t s  e i t h e r  on basem en t  o r  on 

c o n g l o m e r a t e .

Nephelinite lava is found on Rusinga, Kgothe, Mfwangano and



\  X ' x .
^  / >

' n .
LU \  >

'  '  \
\  X \

s Ck: X V /

/  \  r

/ x  \

X N W \

\  /  A \

X \  / \

M -

%

' ' S l i ^ - OQ N I S

>

Ü

z <

<
HI
oc
<
O
O
z
0

HI
1  
H

H
0
Û.
<
2

1
u

to
_l<
U
Oo
_io
HJ
Ü

Pî
LU
cr
3
Ç
u_

V m O l D I A  3>IV“I



2 3 4 .

Uyoma, a s  w e l l  a s  i n  t h e  p a r t i a l  ring* o f  v o l c a n i c s  ro u n d  Rangwa.

On t h e  i s l a n d s ,  i t  o c c u r s  t o w a rd s  t h e  to p  o f  t h e  s u c c e s s i o n  

( s h a c k l e t o n ' s  Lunene Lava and W h i t w o r t h ' s  Gap L a v a ) ,  and t h e  g r e a t e s t  

t h i c k n e s s  o f  l a v a  s u r v i v i n g  on R u s in g a  ( S h a c k l e t o n  1951) i s  300 f t .

On t h e  m a i n l a n d ,  l a v a  o c c u r s  t h r o u g h o u t  t h e  v o l c a n i c  s u c c e s s i o n ,  and 

i n d i v i d u a l  f lo w s  w h ich  may e x te n d  f o r  many m i l e s  can  be p i c k e d  o u t  

on t h e  a e r i a l  p h o t o g r a p h s ,  b u t  on t h e  g ro un d  t h e y  a r e  n o t  so e a s i l y  

r e c o g n i z e d .  On t h e  i n w a r d - f a c i n g  e r o s i o n  s c a r p s  o f  Gembe and t h e  

Gwassi  H i l l s ,  l a v a  o f t e n  o u t c r o p s  b e tw ee n  t h e  b asem en t  and t h e  main 

buHi o f  n e p h e l i n i t e  a g g l o m e r a t e s  ; t h e r e  may be 1 ,0 0 0  f t .  o f  l a v a  

as  on Nyadenda ,  o r  i t  may be i n s i g n i f i c a n t  a s  on t h e  n o r t h e r n  s l o p e s  

o f  U s e n g e r e .  Near  t h e  b a s e ,  t h e r e  o c c u r s  a f low  w i t h  n e p h e l i n e  

p h e n o c r y s t s  ( u n u s u a l  e l s e w h e r e  on t h e  v o l c a n o ) .  S i n c e  t h e  m e l a n i t e  

n e p h e l i n i t e  on Nyemiarandi i s  o v e r l a i n  by n e p h e l i n i t e  l a v a ,  which  i s  

a t  r o u g h l y  t h e  same l e v e l  a s  t h e  l o w e s t  l a v a s  on Gembe, where t h e  

m e l a n i t e  n e p h e l i n i t e  i s  m i s s i n g  ( F i g u r e  3 7 ) ,  most  o f  t h e  n e p h e l i n i t e  

l a v a s  on t h e  m a i n l a n d  must  be  l a t e r  t h a n  t h e  m e l a n i t e  n e p h e l i n i t e .  

Many l a v a  f l o w s  a r e  i n t e r c a l a t e d  w i t h i n  t h e  s u c c e e d i n g  n e p h e l i n i t e  

a g g l o m e r a t e ,  and  become more f r e q u e n t  t o w a rd s  t h e  t o p  o f  t h e  

s u c c e s s i o n .  These  b e a r  t h e  same r e l a t i o n  t o  t h e  n e p h e l i n i t e  

a g g lo m e r a t e  a s  t h e y  do on t h e  i s l a n d s ;  t h e y  e x t e n d  v e r y  w i d e ly  and 

a re  found  on Kaniamwa, n e a r  Karungu and on Uyoma. McCall  d i v i d e s  

th e  l a v a s  i n t o  t h e  Lower and Upper K i s i n g i r i  L a v a s ,  d e p e n d in g  on 

w he ther  t h e y  o c c u r  above o r  be low  t h e  n e p h e l i n i t e  a g g l o m e r a t e ,  b u t
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t h i s  t w o f o l d  s u b d i v i s i o n  seems t o  be u n d u ly  s i m p l e ,  s i n c e  t h e  

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

i n t e r r u p t e d  i n  t h e  m id d le  by i n t e r c a l a t i o n s  o f  a g g l o m e r a t e .

The m e l a n i t e  n e p h e l i n i t e  o n ly  o c c u r s  i n  t h e  n o r t h  and n o r t h  

w e s t ,  w h e r e a s  t h e  n e p h e l i n i t e  l a v a s  a r e  n o t  so e x t e n s i v e  i n  t h e  

n o r t h  a s  e l s e w h e r e .  The f a c t  t h a t  t h e  l a v a s  r a d i a t e  i n t e r m i t t e n t l y  

from Rangwa and t h i n  o u tw a rd s  s u g g e s t s  t h a t  t h e y  m o s t l y  o r i g i n a t e d  

from t h i s  a r e a .  The low a n g l e  o f  d ip  and wide e x t e n t  o f  t h e  l a v a s  

(up to  30 m i l e s  away from Rangwa) l e d  McCall to  c o n c lu d e  t h a t  t h e y  

a l l  o r i g i n a t e d  from n e p h e l i n i t e  dykes  t o w a rd s  t h e  p e r i p h e r y  o f  

t h e  dome. However,  t h e  f a c t  t h a t  t h e r e  a r e  so few n e p h e l i n i t e  dykes  

expo sed  i n  t h e  e r o s i o n  h o l lo w  rou n d  Rangwa i m p l i e s  t h a t  most o f  t h e  

l a v a s  o r i g i n a t e d  from a c e n t r a l  s o u r c e .

E. NEPHELINITE AGGLOMERATE.

More t h a n  h a l f  o f  t h e  p r e s e n t  mass o f  t h e  K i s i n g i r i  Volcano 

c o n s i s t s  o f  e x p l o s i v e l y  e r u p t e d  n e p h e l i n i t e  a g g l o m e r a t e .  The 

p r o p o r t i o n  i s  s m a l l e r  t h a n  a t  Napall and Elgon  (King 1948 and D av ie s  

1952 ) ,  where  t h e  v o l c a n o e s  a r e  composed o f  o v e r  95 p e r c e n t  

n e p h e l i n i t e  a g g l o m e r a t e .  At l e a s t  1 , 0 0 0  f t .  o f  a g g lo m e r a t e  s u r v i v e  

on Mfwangano, and 400 f t .  on R u s in g a .  On t h e  m a i n l a n d ,  n e a r l y

2,000 f t .  a r e  e x po sed  on t h e  e r o s i o n  s c a r p  o f  U s e n g e r e ,  r a t h e r  l e s s  

e l s e w h e r e .  Where t h e  a g g l o m e r a t e  i s  n o t  i n t e r c a l a t e d  w i t h  l a v a  

f lo w s ,  i t  fo rm s  l a r g e  and o v e r h a n g i n g  c l i f f s ,  n o t a b l y  on U sen g e re  and
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Mfwangano. On t h e  i s l a n d s ,  i t  can be shown t h a t  t h e r e  i s  an 

u n c o n f o r m i t y  a t  t h e  b a s e  o f  t h e  a g g l o m e r a t e ,  a s  to  t h e  s o u t h e a s t  

o f  Mfwangano (W hi tw o r th  1 9 0 1 ) ,  many o f  t h e  u n d e r l y i n g  d e p o s i t s  

a r e  m i s s i n g .

The a g g l o m e r a t e  o c c u r s  i n  l a y e r s  v a r y i n g  from many f e e t  t o  

a  few i n c h e s  t h i c k .  The m a t r i x  c o n s i s t s  o f  an a l t e r e d  m osa ic  o f  

c a r b o n a t e  and  z e o l i t e s ,  w i t h  l a r g e  v e s i c l e s  o f  r a d i a t i n g  n a t r o l i t e .  

The f r a g m e n t s  a r e  g e n e r a l l y  ro u n d e d  and u n s o r t e d ,  and v a r y  from 

c r y s t a l  s i z e  t o  s e v e r a l  f e e t  a c r o s s .  The c r y s t a l  f r a g m e n t s  a r e  

m o s t ly  s u b h e d r a l  p y r o x e n e s ,  and  ban ds  p ack e d  w i t h  t h e s e  were found  

on Ragwe, Gembe and Kaniamwa; t h e s e  may be o f  use  a s  m arke r  

h o r i z o n s  d u r i n g  d e t a i l e d  mapping o f  t h e  v o l c a n i c s .  The r o c k  

f r a g m e n t s  a r e  m a i n l y  o f  n e p h e l i n i t e  w i t h  l a r g e  p y ro x e n e  p h e n o c r y s t s .  

A few s m a l l e r  o n e s  a r e  o f  i j o l i t e  and p y r o x e n i t e ,  som et im es  v e r y  

r i c h  i n  p e r o v s k i t e  and  m a g n e t i t e  (RFP 2 1 ) ,  and b asem en t  and 

c a r b o n a t i t e  f r a g m e n t s  o c c u r  s p o r a d i c a l l y .

The t e x t u r e  and  vd.de d i s t r i b u t i o n  o f  t h e  a g g lo m e r a t e  a ro u n d  

Rangwa i n d i c a t e s  t h a t ,  a p a r t  from what h a s  be en  r e d e p o s i t e d  

s e c o n d a r i l y ,  i t  h a s  b e e n  form ed  by e x p l o s i v e  e r u p t i o n .  S i n c e  t h e  

f r a g m e n t s  a r e  l a r g e ,  p r e v a i l i n g  wind d i r e c t i o n  would  n o t  have  

i n f l u e n c e d  t h e  s p r e a d  o f  t h e  a g g lo m e r a t e  so much a s  t h a t  o f  t h e  a s h  

d e p o s i t s .
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F. INTRA-VOLGauI C SEDIMENTARY DEPOSITS.

T here  a r e  many u n c o n f o r m i t i e s  w i t h i n  t h e  v o l c a n i c  s u c c e s s i o n ;  

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

and o f  t h e  n e p h e l i n i t e  a g g l o m e r a t e .  A s s o c i a t e d  w i t h  t h e s e  

i n t e r m i s s i o n s  i n  v o l c a n i c  a c t i v i t y  s e d i m e n t a r y  d e p o s i t s  d e r i v e d  

m a in ly  from t h e  e r o s i o n  o f  v o l c a n i c  m a t e r i a l  o c c u r .  P a r t i c u l a r l y  

among t h e  t u f f s ,  i t  i s  o f t e n  h a r d  t o  t e l l  what h a s  been  d e r i v e d  and 

what i s  p r i m a r y .  These  r o c k s  o c c u r  t o w a rd s  t h e  edge o f  t h e  v o l c a n o ,  

and t h e y  c o n s i s t  o f  l a c u s t r i n e ,  f l u v i a t i l e  and s o i l  d e p o s i t s ,  a s  

w e l l  a s  r e s o r t e d ,  f a u l t e d  and s lum ped  p y r o c l a s t i c  m a t e r i a l .

On I k o r o  H i l l ,  s o u t h  o f  U s e n g e re ,  and a t  s e v e r a l  l o c a l i t i e s  

a lo n g  t h e  Kaniamwa E s c a r p m e n t ,  d e p o s i t s  o f  ban d ed ,  c l a y - l i k e  

m a t e r i a l  o c c u r  (McCall  1 9 3 8 ) ;  a l l  t h e s e  c o n t a i n  p y r o x e n e s  and 

s m a l l  f r a g m e n t s  o f  l a v a ,  and  t h e y  a r e  sandw iched  b e tw ee n  n e p h e l i n i t e  

f l o w s .  They were  p r o b a b l y  d e p o s i t e d  i n  p e r i p h e r a l  l a l c e s . On 

R u s in g a ,  t h e  Kulu  S e r i e s ,  t o  t h e  e a s t  o f  Lugongo, and t h e  Kathwanga 

S e r i e s ,  t o  t h e  n o r t h w e s t  o f  K i a h e r a ,  w hich  a r e  t e n t a t i v e l y  c o r r e l a t e d  

by S h a c k l e t o n ,  a r e  m a r l s ,  s h a l e s  and  b o u l d e r  b e d s ,  w hich  r e s t  

u ncon fo rn ia b ly  on much o f  t h e  s u c c e s s i o n  b e n e a th  t h e  n e p h e l i n i t e  

a g g l o m e r a t e . W h i tw o r th  ( i R o l )  h a s  d i s c o v e r e d  s i m i l a r  d e p o s i t s ,  t h e  

Sena Beds ,  a t  t h e  s o u t h e a s t  o f  Mfwangano, which a r e  o v e r l a i n  by 

th e  n e p h e l i n i t e  a g g l o m e r a t e ,  and he i n t e r p r è t e s  b o t h  t h e s e  and  t h e  

Kulu S e r i e s  a s  l a c u s t r i n e .  T h ic k  and i r r e g u l a r l y  d i s t r i b u t e d  s o i l s  

a r e  found  on Gumba:-  t h e  Gumba Red E a r t h s  (W h i tw o r th  1 9 3 3 ) ,  on



2 3 8 .

K i a h e r a  H i l l ,  r e d  p i s o l i t i c  e a r t h s  and g r i t s  ( S h a c k l e t o n  1931) 

and p o s s i b l y  on Mfwangano, r e d  c l a y s  (W hi tw or th  I 96I ) .  F i n a l l y ,  

i n  t h e  Kathwanga  a r e a ,  n o r t h w e s t  o f  K i a h e r a  H i l l ,  a  f a u l t  o c c u r s  

w i t h  a  downthrow to  t h e  w es t  o f  a b o u t  130 f t .  ( S h a c k l e t o n  I 9 3 1 ) ,  

t o  t h e  w es t  o f  w hich  t h e  b e d s  o f  t h e  main s u c c e s s i o n  a r e  b r o k e n  

up and s lum p ed .  These b e d s  a r e  o v e r l a i n  by u n d i s t u r b e d  d e p o s i t s  o f  

t h e  Kathwanga P o i n t  S e r i e s  and Kathwanga S e r i e s ,  p r o o f  t h a t  t h e  

d i s t u r b a n c e s  were  p e n e c o n te m p o r a n e o u s  w i t h  t h e  u n d e r l y i n g  d e p o s i t s ,

2. THE BASIS FOR CORRELATION.

Some t e n t a t i v e  c o r r e l a t i o n s  a r e  h e r e  p r o p o s e d ,  w hich  p r o v i d e  

t h e  b a s i s  f o r  t h e  h i s t o r y  o f  t h e  K i s i n g i r i  Volcano ( C h a p te r  X I I I ) .

A. CORRELATIONS WITHIN THE VOLCANICS AND SEDIMENTS.

The d e p o s i t s  on R u s in g a  and Mfwangano have b e e n  c o r r e l a t e d  

by W hitw or th  ( I 96 I ) ,  and McCall  (1938)  ha s  r e l a t e d  t h e s e  t o  t h e  

v o l c a n i c s  on t h e  m a in l a n d  ( F i g u r e  3 3 ) •  The d i s c o v e r y  o f  p r e v i o u s l y  

u n r e c o r d e d  m e l a n i t e  n e p h e l i n i t e  on t h e  m a in la n d  n e a r . G i n g o  d u r i n g  

t h e  p r e s e n t  s u r v e y  i s  r e l e v a n t  t o  t h e s e  c o n c l u s i o n s .  I t  i s  

r e a s o n a b l y  c e r t a i n  t h a t  m e l a n i t e  n e p h e l i n i t e  o n l y  o c c u r s  a t  one 

s t r a t i g r a p h i e  l e v e l ,  s i n c e  on t h e  i s l a n d s  and a t  Gingo i t s  b a s e  i s  

s t r o n g l y  u n c o n f o r m a b l e , and  d e r i v e d  c r y s t a l s  o f  m e l a n i t e  o n l y  o c c u r  

i n  d e p o s i t s  above  i t .  B e n e a th  i t ,  up t o  330 f t .  o f  c o n g lo m e r a t e s  

and t u f f s  a r e  e x p o sed  on R u s i n g a ,  and r a t h e r  l e s s  on Mfwangano. On
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t h e  m a i n l a n d ,  t h e  m e l a n i t e  n e p h e l i n i t e  n e v e r  o v e r l i e s  more t h a n  

20 f t .  o f  c o n g l o m e r a t e ,  and som etim es  i t  r e s t s  d i r e c t l y  on b a s e m e n t .

On t h e  i s l a n d s ,  t h e  m e l a n i t e  n e p h e l i n i t e  i s  s u c c e e d e d  by up 

to  200 f t .  o f  t u f f s  and c o n g l o m e r a t e s ,  a s  w e l l  as  some d e r i v e d  

s e c o n d a r y  d e p o s i t s ,  b u t  on t h e  m a in l a n d ,  t h e  p l a c e  o f  t h e s e  i s  t a k e n  

by a t h i n  r u b b l y  h o r i z o n ,  w hich  i s  s e e n  on t h e  s o u t h e r n  s l o p e s  o f  

N yam arand i .  The u p p e r  t u f f s  and c o n g lo m e r a t e s  on t h e  i s l a n d s  a r e  

s u c c e e d e d  u n c o n fo r m a b ly  by n e p h e l i n i t e  a g g l o m e r a t e ,  w i t h i n  w hich  

n e p h e l i n i t e  l a v a  f lo w s  g r a d u a l l y  become more f r e q u e n t .  On t h e  

m a in la n d  h ow ever ,  t h e  n e p h e l i n i t e  a g g lo m e r a t e  i s  u n d e r l a i n  by 

v a r i a b l e  t h i c k n e s s e s  o f  l a v a s ,  many o f  which  have b e en  shown t o  

p o s t d a t e  t h e  m e l a n i t e  n e p h e l i n i t e .  Thus ,  i n  t h e  t im e  b e tw ee n  th e  

emplacement  o f  t h e  m e l a n i t e  n e p h e l i n i t e  and t h e  n e p h e l i n i t e  

a g g l o m e r a t e ,  t u f f s  and  c o n g lo m e r a t e s  were  d e p o s i t e d  t o  t h e  n o r t h  and 

n o r t h w e s t ,  w h i l e  l a v a s  were  e r u p t e d  o v e r  o t h e r  s e c t o r s  o f  th e  

v o l c a n o .

B. CORRELATIONS BETWEEN RAIVGWA AND THE REST OF THE VQLGaIVO.

S i n c e  t h e  l o w e s t  c o n g lo m e r a t e s  exp o sed  on R u s in g a  and 

Mfwangano c o n t a i n  f r a g m e n t s  o f  i d e n t i f i a b l e  a l k a l i n e  p l u t o n i c s ,  and 

most o f  t h e  n e p h e l i n i t e  l a v a s  and a g g l o m e r a t e s  p o s t d a t e  t h e s e  

c o n g l o m e r a t e s ,  t h e  emplacem ent  o f  t h e  a l k a l i n e  p l u t o n i c s  a ro u n d  Rangwa 

must p r e c e d e  t h e  e x t r u s i o n  o f  most  o f  t h e  n e p h e l i n i t e  l a v a s  and 

a g g lo m e r a t e  a s  w e l l  a s  t h e  c o n g l o m e r a t e s  t o  t h e  n o r t h  ( F i g u r e  3 8 ) .
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As McCall (1 9 3 8 , p 7 6 ) observed, the volcanics on Gwassi  and Gembe 

r e s t  on an irregular and highly eroded basement surface (I’igure 39). 

The i n w a rd  projection of this surface must have cut some of the 

plutonics, as on Kiako. A period of e r o s i o n  is thus represented 

during which t h e  lo w e r  c o n g lo m e r a t e s  and tuffs were deposited on 

Rusinga and Mfwangano (Figure 3 8 ) .

From t h i s  e v id e n c e  o f  i n c l u d e d  f r a g m e n t s ,  t h e  p y r o c l a s t i c s , 

b r e c c i a s  and c a r b o n a t i t e s  on Rangwa were  a l s o  formed a f t e r  t h e  e a r l y  

a l k a l i n e  p l u t o n i c s .  The p y r o c l a s t i c s  c o n t a i n  u n a l t e r e d  f r a g m e n t s  o f  

basem ent  and p l u t o n i c s ,  b u t  t h e  f r a g m e n t s  o f  v o l c a n i c s  a r e  h i g h l y  

a l t e r e d ;  i f  t h e  p y r o c l a s t i c  v e n t s  had  been  d r i l l e d  a f t e r  t h e  

b u i l d i n g  o f  t h e  main v o l c a n i c  p i l e  o f  n e p h e l i n i t e  l a v a s  and 

a g g l o m e r a t e s ,  i t  i s  u n l i k e l y  t h a t  t h e  v e n t  r o c k s  would n o t  c o n t a i n  

a t  l e a s t  some f r a g m e n t s  o f  f r e s h  n e p h e l i n i t e .  The t e x t u r e ,  

c o m p o s i t i o n  and p r o b a b l e  mode o f  f o r m a t i o n  o f  t h e  p y r o c l a s t i c s  on 

Rangwa ( p p l 2 0  -  124 ) r u l e  o u t  any c o r r e l a t i o n  b e tw e e n  them and t h e  

n e p h e l i n i t e  l a v a  and  a g g lo m e r a t e  o f  t h e  v o l c a n o .  T h e r e f o r e ,  t h e  

p y r o c l a s t i c s  must  have  b e e n  formed d u r i n g  the. same p e r i o d  a s  t h e  t u f f ;  

and c o n g l o m e r a t e s  t o  t h e  n o r t h  and n o r t h w e s t ,  w h i l e  e r o s i o n  c o n t i n u e d  

ove r  o t h e r  p a r t s  o f  t h e  domed b a s e m e n t .

Some s i m i l a r i t i e s  e x i s t  b e tw ee n  t h e  p y r o c l a s t i c s  on Rangwa 

and th e  c o n g l o m e r a t e s  and t u f f s  on t h e  i s l a n d s

1 .  A c c r e t i o n a r y  l a p i l l i  a r e  found  e x t e n s i v e l y  a t  one 

s t r a t i g r a p h i e  l e v e l  on t h e  i s l a n d s  nam ely  i n  t h e  t u f f s  t h a t  o c c u r
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b e tw e e n  t h e  r . i e l a n i t e  n e p h e l i n i t e  and t h e  n e p h e l i n i t e  a g g l o m e r a t e ;  

t h e y  a l s o  o c c u r  i n  s m a l l e r  amounts l o w e r  i n  t h e  s u c c e s s i o n .

S i m i l a r  l a p i l l i  a r e  found  i n  t h e  Banded f u f f  o f  Rangwa, and t h e  same 

m i n e r a l  a s s e m b la g e  o c c u r s  i n  t h e  t u f f s  on Rangwa and on t h e  i s l a n d s .

2.  f i le  b a sem en t  and p l u t o n i c  f r a g m e n t s  o f  t h e  Bower and 

Upper A g g lo m e r a te s  on Rangwa a r e  s i m i l a r  t o  t h o s e  o f  t h e  

c o n g l o m e r a t e s  on R u s in g a  and Mfwangano.

3* E x c l u d in g  t h e  m e l a n i t e  n e p h e l i n i t e  and t h e  s e c o n d a r y  

d e p o s i t s ,  t h e  s u c c e s s i o n s  on R u s in g a  and Mfwangano c o n s i s t  o f : -  

a p r e d o m i n a n t l y  c o n g l o m e r a t i c  s e r i e s ,  and a  t u f f a c e o u s  s e r i e s ,  

f o l lo w e d  by a  f u r t h e r  t h i n  c o n g l o m e r a t e .  On Rangwa, t h e  s u c c e s s i o n  

c o n s i s t s  o f  t h e  Bower A g g lo m e ra te ,  f u f f  Group and Upper A g g lo m e r a te .

B ased  on t h e s e  t h r e e  p o i n t s  and on t h e  f a c t  t h a t  t h e  

p y r o c l a s t i c s  on Rangwa and t h e  t u f f s  and c o n g l o m e r a t e s  t o  t h e  n o r t h  

were formed d u r i n g  t h e  same p e r i o d  o f  t i m e ,  a  t e n t a t i v e  c o r r e l a t i o n  

i s  made b e tw e e n  t h e  two s u c c e s s i o n s .

fh e  f a c t  t h a t  some o f  t h e  n e p h e l i n i t e  a g g l o m e r a t e s  o f  t h e  

K i s i n g i r i  V o lc an o ,  n o t a b l y  on Mfwangano (W hi tw or th  I 9 6 1 ) ,  c o n t a i n  

f r a g m e n t s  o f  c a r b o n a t i t e  i n d i c a t e s  t h a t  p h a s e s  o f  c a r b o n a t i t e  

a c t i v i t y  o c c u r r e d  on Rangwa d u r i n g  t h e  p e r i o d  o f  n e p h e l i n i t e  e r u p t i o n s .  

The Kinyamungu C a r b o n a t i t e  on Rangwa must  p o s t d a t e  t h e s e  e r u p t i o n s ,  

as  i t  p l u g s  t h e  a r e a  o f  t h e  v e n t  from w hich  t h e  n e p h e l i n i t e s  were 

e r u p t e d .
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X I I I

IHa PaOPUoED XISIÜ2Y OF THE XISIMGIHI VOLGAKO

1 . THE aUBVOLCAHIC ;5ÜHFAGE.

The l a n d  s u r f a c e  o f  t h e  K av i rondo  a r e a  p r i o r  to  any v o l c a n i c  

a c t i v i t y ,  o r  t h e  doming and f a u l t i n g  a s s o c i a t e d  w i t h  i t ,  s u r v i v e s  

a t  t h e  c o n t a c t  ro u n d  t h e  o u t e r  l i m i t  o f  t h e  v o l c a n i c s  o f  t h e  

K i s i n g i r i  V o lcan o ,  t o  t h e  s o u t h  and e a s t  o f  Rangwa. f h e  b a s e  o f  

t h e  v o l c a n i c s  (McCall  193S -  Map) i s  i r r e g u l a r ,  b u t  i t s  h e i g h t  

r i s e s  g r a d u a l l y  from K i r a ,  e a s t  o f  Karungu ,  where i t  i s  n e a r  l a k e  

l e v e l  ( 3 ,7 3 0  f t . ) ,  t o w a rd s  t h e  e a s t  and  n o r t h e a s t ,  u n t i l ,  a b o u t  

e i g h t  m i l e s  s o u t h  o f  Homa Bay, i t  c r o s s e s  t h e  4 ,3 0 0  f t .  c o n t o u r ,  and 

th e n  f a l l s  away a g a i n  t o w a rd s  t h e  l a k e ,  n e a r  Homa Bay. Between t h e  

l i n e s  o f  t h e  Kaniamwa and Mfwangano F a u l t s , t h e  b a sem e n t  s u r f a c e  

has  b e e n  a f f e c t e d  b o t h  by doming and f a u l t i n g .  To t h e  n o r t h ,  t h e  

s u b v o l c a n i c  s u r f a c e  on Uyoma i s  a  m o n o c l in e  ( S h a c k l e t o n  1 9 3 1 ) ,  whereai  

to  t h e  n o r t h  o f  R u s in g a  and Mfwangano, i t  i s  be low  lalce l e v e l .

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

from a b o u t  4 , 3 0 0  f t .  t o  3 , 3 0 0  f t .  o r  l e s s ,  o v e r  a d i s t a n c e  o f  f o r t y  

m i l e s ;  t h e  g r a d i e n t  i s .  a b o u t  23 f t .  p e r  m i l e .

2. DOMING ÀKB THE EilRLY PLUTONIC CENTRE.

The s u r f a c e  a ro u n d  Rangwa was domed, and much o f  t h e  basem en t  

w i t h i n  t h e  domed a r e a  was p r o b a b l y  b r e c c i a t e d  and  a l t e r e d  a s  a  r e s u l t
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o f  i n t r u s i o n s  o f  i j o l i t e ,  u n c o m p a h g r i t e  and c a r b o n a t i t e  

(pp 67 -  68 ) .  The o r i g i n a l  form o f  t h e  dome h a s  b e e n  o b s c u r e d  by

e r o s i o n  p r i o r  t o  t h e  emplacement  o f  t h e  main v o l c a n i c s ,  and by 

movements on t h e  Kaniamwa and Mfwangano F a u l t s  a f t e r  v o l c a n i c  

a c t i v i t y ,  b u t  i t  i s  p o s s i b l e  t o  a s s i g n  minimum d im e n s io n s  to  i t .  

F i g u r e  39 shows t h a t  t h e  dome i s  more o r  l e s s  c o n c e n t r i c  w i t h  Rangwa, 

e x c e p t  t h a t  t h e r e  i s  a marked bu lge  beyond  t h e  Sagurume I j o l i t e .

Three m i l e s  o u t  from Rangwa, t h e  i n n e r m o s t  p o i n t  a t  which  c o n t o u r i n g  

i s  a t  a l l  r e l i a b l e ,  t h e  dome r i s e s  to  a  h e i g h t  o f  3 , 0 0 0  -  4 ,0 0 0  f t .  

above t h e  undomed s u r f a c e .  The o n ly  p l a c e  where t h e  basem en t  

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

on T a k a w i r i  I s l a n d ,  where  i t  r i s e s  t o  a b o u t  3 ,8 0 0  f t .  above s e a  

l e v e l ,  o r  300 -  300 f t .  above t h e  s u r f a c e  p r i o r  to  doming. The 

s u r f a c e  o f  t h e  i s l a n d  i s  n e a r  t h e  ba sem en t  v o l c a n i c  c o n t a c t ,  an d ,  a s  

i t  i s  a b o u t  e i g h t  m i l e s  from t h e  c e n t r e  o f  Rangwa, i t  can  be s e e n  

t h a t  t h e  a p p r o x i m a t e  s l o p e  o f  t h e  dome i s  300  -  730  f t .  p e r  m i l e  

(o r  an a n g l e  o f  s l o p e  o f  6° -  9 ^ ) .  O b s e r v a t i o n s  from e l s e w h e r e  on 

th e  dome c o n f i r m  t h a t  t h e  a v e r a g e  s l o p e  was o f  t h i s  o r d e r  o r  r a t h e r  

l e s s  t o w a r d s  t h e  o u t s i d e .  The dome must  have  had a  d i a m e t e r  o f  a b o u t  

tw en ty  m i l e s ,  and i n v o l v e s  a  maximum e l e v a t i o n  o f  t h e  p r e v o l c a n i c  

s u r f a c e  by a t  l e a s t  3 , 0 0 0  f t . ( F i g u r e  4 o ) .

S i n c e  t h e  doming was p r o b a b l y  c o n te m p o ra n e o u s  w i t h  some o f  

th e  e a r l y  a l k a l i n e  i n t r u s i o n s ,  r a d i o m e t r i c  d a t e s  on t h e  i n t r u s i v e s  

a re  r e l e v a n t  t o  t h e  age  o f  t h e  doming ( s e e  a p p e n d i x  A).
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3 .  PHEVOLCAI.IG EHOoIQN OF THE W n E .

Et s e v e r a l  -o laces on t h e  i n w a r d - f a c i n g  e r o s i o n  s c a r p ,  

e s p e c i a l l y  on Kialco, e a r l y  a l k a l i n e  p l u t o n i c s  a r e  exposed  n e a r  t h e  

b a s e m e n t / v o l c a n i c  c o n t a c t .  At ICiaJio where t h e  b asem e n t  h a s  b e e n  

e r o d e d  down t o  t h e  p l u t o n i c s ,  t h e r e  a r e  two p ro n o u n ce d  n o t c h e s  i n  t h e  

c o n t o u r s  on t h e  s u r f a c e  o f  t h e  dome a s  i t  s u r v i v e s  t o d a y .  These  may 

r e p r e s e n t  p r e v o l c a n i c  v a l l e y s  c a r v e d  i n  t h e  dome, and t h e  same 

p r o b a b l y  o c c u r s  e l s e w h e r e ,  where e x p o s u r e  i s  n o t  so good .

A p a r t  from Mbassa,  t h e  r i n g  o f  basem en t  h i l l s  h a s  b e en  removed 

e n t i r e l y  s o u t h  o f  t h e  Mfwangano F a u l t  i n  t h e  s e c t o r  b e tw ee n  B u k u la  

and Sagurume, and i t  i s  s u g g e s t e d  t h a t  t h e  g r e a t e s t  amount o f  

p r e v o l c a n i c  e r o s i o n  o c c u r r e d  i n  t h a t  s e c t o r  ( Diagram A i n  t h e  f o l d e r ) .

D ur ing  t h i s  p e r i o d  o f  e r o s i o n ,  s e d i m e n t a t i o n  n e a r  Karungu 

p r o b a b l y  b e g a n ,  and  i t  i s  p o s s i b l e  t h a t  e r o s i o n  o f  t h e  dome 

c o n t r i b u t e d  some o f  t h e  d e t r i t u s  t h e y  c o n t a i n .  The I i ighes 't  b e d s  

t h e r e  i n c l u d e  b i o t i t e  and p y ro x e n e  which  a r e  s i m i l a r  t o  t h o s e  i n  t h e  

i g n e o u s  r o c k s  a t  Rangwa, b u t  i t  i s  n o t  known w h e th e r  t h e y  a r e  from 

an e a r l y  e r u p t i o n  o r  m e r e ly  d e t r i t a l  m i n e r a l s  washed down a f t e r ,  

e r o s i o n  had r e a c h e d  t h e  a l k a l i n e  p l u t o n i c s  (McCall  1938 p 2 8 ) .

I t  i s  i m p o s s i b l e  t o  ju dg e  t h e  o r i g i n a l  e x t e n t  o f  t h i s  a r e a  o f  

s e d i m e n t a t i o n ,  s i n c e  i t  i s  l i k e l y  t h a t  l a r g e  t r a c t s ' o f  i t  have  b e e n  

removed by s u b s e q u e n t  e r o s i o n .  The p r o b a b i l i t y  i s  t h a t  e r o s i o n  o f  

th e  dome l e d  t o  p e r i p h e r a l  s e d i m e n t a t i o n  i n  a l l  s e c t o r s .
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4 .  THE EnRLY CONGLOMERATES AND TUFFS.

A f t e r  t h e  e a r l y  e r o s i o n  o f  t h e  dome, what may have be en  t h e  

f i r s t  e x t r u s i v e  e p i s o d e  a t  K i s i n g i r i  o c c u r r e d .  A g a s - d r i l l e d  v e n t  

was p u sh e d  t h r o u g h  t o  t h e  s u r f a c e  s l i g h t l y  t o  t h e  n o r t h  o f  t h e  

c e n t r a l  a l k a l i n e  i n t r u s i o n  (pp 1 2 0 -  124 ) ,  The f l u i d i s e d  column 

which  f i l l e d  t h e  v e n t  c o n t a i n e d  f r a g m e n t s  o f  b a sem en t  and p l u t o n i c  

r o c k s  which  i t  had  d i s l o d g e d  on th e  way up ,  a s  w e l l  a s  l i q u i d  and 

h a l f - c o n s o l i d a t e d  i g n e o u s  m a t e r i a l  w hich  were a g i t a t e d  i n  a 

t u r b u l e n t  m a t r i x  o f  h o t  ga s  and l a v a  d r o p l e t s .  At l e a s t  t h r e e  t i m e s  

t h i s  column o v e r f l o w e d  t h e  c r a t e r ,  and m a t e r i a l  from t h e  v e n t  i s  

t h o u g h t  t o  have  f lo w ed  o u t  t o  t h e  n o r t h  a s  nu e es  a r d e n t e s ,  c a u s i n g  

a v a l a n c h e s  and m udf low s,  which  t o r e  up l a r g e  f r a g m e n t s  from t h e  

s h a t t e r e d  b asem en t  o v e r  which t h e y  f low ed  .and ro u n d e d  them by 

a b r a s i o n .  The f lo w s  e x t e n d e d  e i g h t  -  f i f t e e n  m i l e s  t o  t h e  n o r t h  and 

n o r t h w e s t .  Between t h e s e  o u t - p o u r i n g s , p a r t s  o f  t h e  f l u i d i s e d  

column s o l i d i f i e d ,  and a s h  was e r u p t e d  from t h e  v o l c a n i c  c e n t r e ,  most  

o f  which  was b lown t o  t h e  n o r t h  and n o r t h w e s t  by t h e  p r e v a i l i n g  w i n d s .  

During  t h e  l o n g e r  l u l l s  i n  v o l c a n i c  a c t i v i t y ,  some o f  what had b e e n  

e r u p t e d  was e ro d e d  and r e d e p o s i t e d .  F i n a l l y ,  t h e  c e n t r a l  c r a t e r  

was f i l l e d  w i t h  f lo w s  o f  a g g l o m e r a t e ,  which  s o l i d i f i e d  d i p p i n g  a t  a 

low a n g l e  t o w a r d s  t h e  v e n t .

D ur ing  t h i s  t i m e ,  t h e  e n v i ro n m e n t  a t  t h e  p e r i p h e r y  o f  t h e  

dome a l t e r n a t e d  b e tw ee n  s h a l l o w  l a k e s  and  a r i d  t e r r a i n  (W h i tw o r th  1 9 3 3 ) ,  

whereas  t h e  s l o p e s  o f  t h e  dome may w e l l  have s u p p o r t e d  r a i n  f o r e s t s .
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in which the early primates, of which there is fossil evidence on 
husin^-a and Iffwanr^ano, lived (Bishop I 9 6 3 ) .  These two types of 
environment persisted, as the volcano grew.

The relative heights of the source (the Bower Agglomerate on 
Hangwa) and the deposits on the periphery (the conglomerates on 
husinga and mfwangano), only differ by a few hundred feet today, but 
allowing for the displacements along the Mfwangano Fault and the 
ring fault around Aangwa, the original height of the source may be 
estimated to have been 3,000 - 5,000 ft. above the areas of 
deposition; such a gradient would be adequate to explain the 
landslides and mudflows.

5.  THE KBBANITE NBPHELINITE.

After further erosion, which removed many of the earlier 
deposits from central Rusinga, the melanite agglomerate flowed out in 
the same direction as the conglomerate mudflows, picking up and 
incorporating fragments from them. The vent from which the melanite 
nephelinite flowed was certainly in the vicinity of Rangwa, but 
there is no evidence that it was on Hangwa itself; it might well 
have been a new vent in Kaksingiri Bay. The melanite nephelinite is, 
however, packed with ijolite fragments, which must be from an 
earlier intrusion at the site of the vent.



6. THE BUCGEBoIQN BETWEEN THE iiELANITE NEPHELINITE AND THE
I-IAIN HEPHELIHITE3.

A f t e r  t h e  emplacement  o f  t h e  m e l a n i t e  n e p h e l i n i t e ,  a s h  was 

e r u p t e d  a g a i n  from t h e  c e n t r a l  v e n t  o f  Rangwa i n  f a r  l a r g e r  amounts  

t h a n  b e f o r e .  I t  was blown m a in ly  t o  t h e  n o r t h  and n o r t h w e s t ,  and 

f e l l  b o t h  i n t o  w a t e r  and on d ry  l a n d .  Much o f  i t  was blown t h r o u g h  

c l o u d s  o f  v a p o u r ,  so t h a t  a c c r e t i o n a r y  l a p i l l i  fo rm ed,  and t h e s e  

s u r v i v e  i n  t h e  t u f f  t h a t  f e l l  i n  a  d ry  e n v i r o n m e n t .  The c r a t e r  on 

Rangwa was f i l l e d  w i t h  s e v e r a l  t h o u s a n d  f e e t  o f  a s h ,  some o f  w h ich ,  

i n  t h e  n o r t h e r n  p a r t ,  f e l l  i n t o  a  c r a t e r  l a k e .  On t h e  p e r i p h e r y  t o  

t h e  n o r t h ,  a  s u f f i c i e n t  g r a d i e n t  e x i s t e d  f o r  much o f  t h e  t u f f  t o  be 

e ro d e d  and r e d e p o s i t e d .

When a c t i v i t y  a t  t h e  c e n t r a l  v e n t  had t e m p o r a r i l y  d i e d  down, 

a new v e n t  was formed by g a s - d r i l l i n g  t h r o u g h  t h e  n o r t h e r n  p a r t  o f  

Rangwa; t h i s  i s  t h o u g h t  t o  have o v e r f lo w e d  o n ly  once  to  p r o d u c e  t h e  

t h i n  h o r i z o n  o f  c o n g lo m e r a t e  b e n e a t h  t h e  n e p h e l i n i t e  a g g lo m e r a t e  on 

R u s in g a .  The v e n t  r o c k s  s u r v i v e  a s  t h e  Upper A g g lo m era te  on Rangwa, 

and ,  a p a r t  f rom some new basem en t  and p l u t o n i c  m a t e r i a l ,  most  o f  

t h e  f r a g m e n t s  a r e  o f  p r e v i o u s l y  formed p y r o c l a s t i c s .  However,  on 

H u s in g a ,  t h e  c o n g lo m e r a t e  c o n t a i n s  f r a g m e n t s  from t h e  u n d e r l y i n g  

m e l a n i t e  n e p h e l i n i t e  a g g l o m e r a t e ,  and b a sem en t  and p l u t o n i c  f r a g m e n t s  

which were  p r e s u m a b ly  washed i n t o  t h e  p a t h  o f  t h e  f lo w .

E xce p t  f o r ,  p e r h a p s ,  s m a l l  a r e a s  which  had b e e n  c o v e r e d  by 

e a r l i e r  l a v a  f l o w s ,  t h e  r e s t  o f  t h e  dome had b e e n  s u f f e r i n g  e r o s i o n
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s i n c e  i t s  f o r m a t i o n ,  and i t  i s  p o s s i b l e  t h a t  s e d i m e n t a t i o n  a t  

Karungu and e l s e w h e r e  l a s t e d  u n t i l  t h i s  s t a g e .  B e fo re  t h e  e r u p t i o n  

o f  t h e  main n e p h e l i n i t e s , t h e  v o lca n o  c o n s i s t e d  o f  a  p a r t l y  e ro d e d  

dome, r i s i n g  4 , 0 0 0  -  5 ,0 0 0  f t .  above t h e  s u r r o u n d i n g  l a n d  s u r f a c e ,  

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

c r a t e r .  L a rg e  g a s h e s  were c u t  i n  t h e  n o r t h e r n  s l o p e s  o f  t h e  dome, 

and up t o  600 f t .  o f  mixed d e p o s i t s  were s p r e a d  o u t  t o  t h e  n o r t h  and 

n o r t h w e s t .  O th e r  d e t r i t a l  s e d i m e n t s  o c c u r r e d  ro u n d  t h e  p e r i p h e r y  o f  

t h e  dome, e s p e c i a l l y  t o  t h e  s o u t h  (Diagram B i n  t h e  f o l d e r ) .

7 .  THE EVOLUTION OF THE tiAIN LEPHLLINITE YOLGALO.

A f t e r  t h e  f o r m a t i o n  o f  t h e  e a r l y  g a s - d r i l l e d  v e n t s ,  t h e  main  

n e p h e l i n i t e  v o l c a n o  was b u i l t .  Host  o f  t h e  v o l c a n i c  m a t e r i a l  f lo w ed  

o r  was e j e c t e d  from a c e n t r a l l y  p l a c e d  v e n t  on Hangwa, th o u g h  some 

o f  t h e  l a v a s  c o u ld  have f lo w ed  from o u t l y i n g  n e p h e l i n i t e  dykes  

( o f .  McCall  1 9 5 8 ) .

A f t e r  e x t e n s i v e  e r u p t i o n s  o f  n e p h e l i n i t e ,  t h e  whole  o f  t h e  

c e n t r a l  p a r t  o f  t h e  v o l c a n o ,  i n c l u d i n g  t h e  c r a t e r  formed r o u n d  t h e  

e a r l y  g a s - d r i l l e d  v e n t ,  s u b s i d e d  a s  much a s  2 ,0 0 0  f t . ,  fo rm in g  a  

l a r g e  c a l d e r a ,  w h ich  must have  be en  f i l l e d  by s u b s e q u e n t  n e p h e l i n i t e  

l a v a s  and  a g g l o m e r a t e s .  P e r i o d i c a l l y ,  t h e  v e n t  was p lu g g e d  a t  a  

lo w e r  l e v e l  by c a r b o n a t i t e ,  and c a r b o n a t i t e  c o n e s h e e t s  and dykes  

r i d d l e d  t h e  s u b s i d e d  b l o c k .  F ra g m en ts  o f  c a r b o n a t i t e  a s  w e l l  a s  o t h e r  

p l u t o n i c s  and b a sem e n t  f rom t h e  v e n t  w a l l s  were  b l a s t e d  o u t  from t im e
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t o  t im e  w i t h  t h e  a g g lo m e r a t e  u n t i l  t h e  v e n t  was f i n a l l y  p l u g g e d  ’ey

c a r b o n a t i t e .

O u t s i d e  t h e  v e n t ,  an uneven d i s t r i b u t i o n  p a t t e r n  was c a u s e d  

by t h e  f a c t  t h a t  t h e  i n t e r c a l a t e d  l a v a s  f low ed  i n  some d i r e c t i o n s  

more t h a n  o t h e r s .  To t h e  n o r t h  no l a v a s  p r e c e d e d  t h e  f i r s t  

n e p h e l i n i t e  a g g l o m e r a t e s ,  w he rea s  to  t h e  w es t  o f  Hangwa up t o

1 ,0 0 0  f t .  o f  l a v a  o c c u r r e d  f i r s t .  P re su m ab ly  t h i s  i r r e g u l a r i t y  was 

d i c t a t e d  by t h e  e r o s i o n  p a t t e r n  on t h e  dome and s u b s e q u e n t  v o l c a n i c  

c o n e .  On U s e n g e r e ,  n e a r l y  4 ,0 0 0  f t .  o f  n e p h e l i n i t e s  s u r v i v e ,  so t h a t  

t h e  v o lc a n o  must  have r i s e n  a t  l e a s t  9 ,0 0 0  f t .  above t h e  basem en t  

s u r f a c e  ( F i g u r e  40 and d iag ram  C i n  t h e  f o l d e r ) .  There  i s  no way 

o f  t e l l i n g  how much n e p h e l i n i t e  has  b e en  e ro d e d  o f f  t h e  to p  o f  t h e  

s u c c e s s i o n .  B o th  t h e  l a v a s  and a g g l o m e r a t e s  s p r e a d  a  lo n g  way from 

t h e i r  v e n t ,  and  some s u r v i v e  to d a y  tw e n ty  f i v e  m i l e s  away from Hangwa 

to  t h e  n o r t h ,  e a s t  and s o u t h .

The i n d i v i d u a l  f lo w s  a r e  so p o o r l y  e x p osed  t h a t  i t  i s  r a r e l y  

p o s s i b l e  t o  m easu re  t h e i r  d i p s  r e l i a b l y  i n  t h e  f i e l d ,  t h o u g h  d i p s  o f  

up t o  15*  ̂ have  b e e n  s e e n  on t h e  i n w a r d - f a c i n g  e r o s i o n  s c a r p s .

However, l a v a  o f t e n  c ap s  t h e  o u t w a r d - d i p p i n g  r i d g e s  o f  v o l c a n i c s ,  a nd ,  

on t h e  a e r i a l  p h o t o g r a p h s ,  i t  i s  som etim es  p o s s i b l e  t o  t r a c e  

i n d i v i d u a l  f l o w s  f o r  s e v e r a l  m i l e s ,  s p e c i a l l y  when t h e y  o v e r l i e  

a g g l o m e r a t e .  In  t h i s  way, d i p s  o f  4^ -  6° were  m e a su re d  s e v e n  -  t e n  

m i l e s  f rom t h e  c e n t r e ,  n o r t h w e s t  o f  t h e  Olambwe V a l l e y ,  and on Gembe, 

fo u r  -  e i g h t  m i l e s  from t h e  c e n t r e ,  t h e  d i p s  a r e  6° -  1 0 ° .  On
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Kaniamwa and Mfwangano, t e n  -  f i f t e e n  m i l e s  o u t ,  t h e  d ip  i s  p r o b a b l y  

a b o u t  l - j°  -  2 ° .  S o u th  o f  Magunga, where  t h e  Kaniamwa F a u l t  d i e s  o u t ,  

t h e r e  a r e  more o r  l e s s  f l a t  l y i n g  l a v a s  on n o r t h - s o u t h  r i d g e s ;  

p r o b a o l y  movement on t h e  f a u l t  h a s  a l t e r e d  t h e s e  d i p s ,  a  f a c t o r  which  

may have had an  e f f e c t  on a l l  t h e  d i p s  o f  t h e  v o l c a n i c s  b e tw ee n  t h e  

mfwangano and Kaniamwa F a u l t s .  The d i p s  m easu red  a r e  n o t  much 

d i f f e r e n t  from t h e  i n f e r r e d  s l o p e  o f  t h e  p r e v o l c a n i c  dome.

No l a r g e  o u t w a r d - f a c i n g  c l i f f s  o f  v o l c a n i c s  o f  t h e  s o r t  t h a t  

e x i s t  on E lg o n  o c c u r  on K i s i n g i r i ;  so t h e  a g g lo m e r a t e  must t h i n  and  

d i e  o u t  b e n e a t h  l a v a  f l o w s ,  and t h e  h i g h e r  f lo w s  r e p r e s e n t  t h e  

maocimum s u r v i v i n g  s p r e a d  o f  t h e  v o l c a n i c s .  T h is  i s  w e l l  i l l u s t r a t e d  

i n  t h e  s o u t h e a s t ;  o v e r  a  t h o u s a n d  f e e t  o f  v o l c a n i c s  a r e  e x p o s e d  

on t h e  Kaniamwa E s c a r p m e n t ,  b u t  t h e s e  d i e  o u t  s e v e n  m i l e s  to  t h e  

s o u t h e a s t ,  a l t h o u g h  t h e  t o p  f low  a t  Kaniamwa can be t r a c e d  t h r o u g h o u t  

t h a t  d i s t a n c e .

8 .  BA2LY POoJ-YOLCAMIC EROSION AKD THE KFtJAIjGAIiO AMD
iCAMIAi-iWA jTAULTS.

P r o b a b l y  c o n s i d e r a b l e  e r o s i o n  o c c u r r e d  d u r i n g  t h e  b u i l d i n g  

o f  t h e  n e p h e l i n i t e  v o l c a n o .  C e r t a i n l y  much o f  t h e  v o lc a n o  had  b e e n  

e ro d e d  away b e f o r e  t h e  main movement on t h e  Mfwangano and Kaniamwa 

F a u l t s .  I t  i s  s u g g e s t e d  t h a t ,  a t  an e a r l y  s t a g e ,  a  l a r g e  r a d i a l  

v a l l e y  d e v e l o p e d ,  f l o w in g  o u t  t o  t h e  n o r t h  b e tw e e n  H u s in g a  and  

Mfwangano, and e r o d i n g  head w ards  t o  t h e  c e n t r e  o f  t h e  v o l c a n o .
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E r o s i o n  down t h i s  v a l l e y  must have removed most o f  t h e  v o l c a n i c s  

a lo n g  i t s  c o u r s e  b e f o r e  any movement on t h e  Mfwangano F a u l t .  Had 

t h i s  n o t  h a p p e n e d ,  i t  i s  h a r d  to  e x p l a i n  why such  a  l a r g e  s e c t i o n  o f  

t h e  s c a r p  o f  t h e  Mfwangano F a u l t  does  n o t  e x i s t  t o d a y  ( F i g u r e  5 b ) ,  

when t h e  Kaniamwa f a u l t  l i n e  s c a r p  s u r v i v e s  l a r g e l y  u n e ro d e d ;  t h e  

f i r s t  b r e a c h  i n  t h e  f i n a l  c r a t e r  w a l l  must  have b een  i n  t h e  n o r t h ,  

and ,  had  t h i s  h ap p ened  a f t e r  t h e  f a u l t i n g ,  t h e  s t r e a m  f l o w i n g  from 

i t  would have  b e en  b l o c k e d  by t h e  f a u l t  s c a r p ,  so t h a t  i t  would have  

t u r n e d  t h r o u g h  1 2 0 ° ,  and f low ed  s o u t h w e s t  b e tw ee n  T a k a w i r i  and 

K i b u o g i .  I t  i s  u n l i k e l y  t h a t  t h e  m a s t e r  s t r e a m  on t h e  v o lc a n o  would 

have  done t h i s  (D iagram  D i n  t h e  f o l d e r ) .

The Mfwangano and Kaniaiiwa F a u l t s  a r e  a lm o s t  p a r a l l e l ,  and r u n  

w e s t - s o u t h - w e s t  e a s t - n o r t h - e a s t  a b o u t  t w e n ty  m i l e s  a p a r t ,  one on 

each  s i d e  o f  Hangwa. T h e i r  maximum th row  to w a rd s  e ac h  o t h e r  i s  

d i r e c t l y  o p p o s i t e  Hangwa. The Mfwangano F a u l t  r u n s  s o u t h  o f  T a k a w i r i  

and Mfwangano, and n o r t h  o f  K ib u o g i ,  t h r o u g h  t h e  M b i ta  C h a n n e l ,  and 

a c r o s s  t h e  Uyoma P e n i n s u l a .  Between K ib u o g i  and Mfwangano, t h e  th r o w ,  

as  dedu ced  from t h e  h e i g h t s  o f  t h e  main  n e p h e l i n i t e s  on t h e  two 

i s l a n d s ,  i s  a t  l e a s t  1 , 5 0 0  f t .  A c ro s s  t h e  M b i ta  C h a n n e l ,  t h e  

n e p h e l i n i t e s  have b e en  d i s p l a c e d  by o v e r  500 f t .  and  on Uyoma t h e  

f a u l t  s c a r p  i s  o n l y  200 f t .  h i g h .  I n d i r e c t  e v i d e n c e  t h a t  t h e  

Kaniamwa E sc a rp m en t  i s  a  f a u l t  l i n e  s c a r p  i s  t h a t  i f  i t  were  n o t  

basem ent  r o c k s  would  o c c u r  a t  h e i g h t s  o f  o v e r  4 , 0 0 0  f t .  i n  t h e  Olambwe
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V a l l e y ;  so f a r ,  no c o r r e l a t i o n s  have been  made b e tw ee n  t h e  

n e p h e l i n i t e s  on e i t h e r  s i d e  o f  t h e  f a u l t .  The maximum h e i g h t  o f  t h e  

e s c a r p m e n t  i s  1 ,3 0 0  f t . ,  a t  t h e  p a r t  c l o s e s t  t o  Hangwa, and t h e  

maximum th r o w  on t h e  f a u l t  i s  p r o b a b l y  more t h a n  t h i s ,  a s  t h e  

v o l c a n i c s  w i t h i n  t h e  Olambwe V a l le y  a r e  c o v e r e d  by t h i c k  a l l u v i u m .

In  b o t h  d i r e c t i o n s  t h e  s c a r p  l o s e s  h e i g h t ,  w e s tw a rd s  t o w a rd s  t h e  

l a k e  n e a r  Karungu  and e a s t w a r d s  n e a r  Homa Bay. No o t h e r  l a r g e  

f a u l t s  have  b e en  r e c o g n i z e d  i n  t h e  a r e a .

McCall  (1958  p 8 1 ) n o t e s  t h e  d i f f e r e n c e  b e tw e e n  t h e  

s i m p l i c i t y  o f  t h e s e  f a u l t s  and t h e  c o m p l e x i t i e s  o f  t h e  f a u l t i n g  i n  t h e  

G rego ry  H i f t ,  and b e c a u s e  t h e  maximum th ro w s  o c c u r  o p p o s i t e  Hangwa 

he i n f e r s  t h a t  t h e  f a u l t s  " a r e  g e n e t i c a l l y  c o n n e c te d  w i t h  t h e  

e r u p t i o n s  o f  t h e  e x t e n s i v e  Upper K i s i n g i r i  p l a t e a u  l a v a s " .  The 

" r i f t "  h e r e  may t h u s  be d e s c r i b e d  a s  a " v o l c a n o - t e c t o n i c  d e p r e s s i o n "  

(W i l l i a m s  1 9 ^ 1 ) .

9 . LATE EHOSIQN.

S u b s e q u e n t  e r o s i o n  was r e l a t e d  to  t h e  b a s e  l e v e l s  r e f e r r e d  t o  

C h a p te r  X (pp 211 -  2 l 6  ) .  F i r s t ,  v a l l e y s  were c u t  t o  a  l a v e l  o v e r

a h u n d re d  f e e t  be low  t h e  p r e s e n t  lalce l e v e l .  An e r o s i o n  c a l d e r a  was 

h o l lo w e d  o u t  a ro u n d  Hangwa, s i n c e  a c c e s s  had  be en  g a i n e d  t o  i t  by a  

s t r e a m  from t h e  n o r t h ,  e r o s i o n  a lo n g  t h e  r a d i a l  d r a i n a g e  p a t t e r n  o f  

t h e  p e r i p h e r y  o f  t h e  v o l c a n o  was a c c e n t u a t e d ,  and e r o s i o n  p r o c e e d e d  

on t h e  Kaniamwa f a u l t  s c a r p  and on what was l e f t  o f  t h e  Mfwangano
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f a u l t  s c a r p .  A par t  from t h e  p r e s e n c e  o f  t h i c k  a l l u v i u m  ro u n d  Hangwa, 

t h i s  lo w e r  b a s e  l e v e l  i s  r e p r e s e n t e d  by t h e  v e r y  t h i c k  s e c o n d a r y  

d e p o s i t s  i n  t h e  Olambwe V a l l e y  and t h e  a p p a r e n t l y  drowned t o p o g r a p h y  

on H u s in g a  (Kent 1953 pp 26 -  2 ? ) •  So v a s t  q u a n t i t i e s  o f  v o l c a n i c  

d e t r i t u s  were  removed from t h e  a r e a  a l t o g e t h e r ;  t h e i r  d e s t i n a t i o n  

i s  a  m a t t e r  f o r  c o n j e c t u r e .

The b a s e  l e v e l  was t h e n  r a i s e d  c o n s i d e r a b l y ,  and ,  f o r  t h e  

f i r s t  t i m e ,  t h e  v o l c a n o  was a lm o s t  s u r r o u n d e d  by an a n c e s t r a l  Lake 

V i c t o r i a .  Numerous r a i s e d  b e a c h  l e v e l s ,  t e s t i f y i n g  t o  p e r i o d s  o f  

s t a b i l i t y  o f  lalce l e v e l  have  been  r e c o g n i z e d  i n  t h e  K av i ro n do  a r e a .

The h i g h e s t  i s  K e n t ' s  l e v e l  o f  520 f t .  above t h e  p r e s e n t  l a k e  l e v e l  

(194-2), be lo w  which  Kent and S a g g e rs o n  (1952)  have  r e c o r d e d  a t  l e a s t  

s i x  l e v e l s .  These  l e v e l s  b o t h  s u p p o r t  and su p p le m e n t  t h e  e v id e n c e  

from a ro u n d  Hangwa (pp211 -  2 l 6 )  o f  a b i g  r i s e  i n  lalce l e v e l ,

f o l l o w e d  by a spasm od ic  f a l l .  V/lien t h e  l a k e  was a t  i t s  h i g h e s t  l e v e l ,

many o f  t h e  v a l l e y s  e ro d e d  d u r i n g  t h e  e a r l i e r  p e r i o d  were f i l l e d  w i t h  

a l l u v i u m ,  and t o d a y ,  a s  t h e  l a l ie  l e v e l  d r o p s ,  t h e s e  a r e  b e i n g  

r e e r o d e d  (Diagram  E i n  t h e  f o l d e r ) .

As e l s e w h e r e  ro u nd  Lalie V i c t o r i a ,  t h e  r a i s e d  b e a c h e s  a r e

P l e i s t o c e n e  R ecen t  i n  a g e ,  b u t  no c o r r e l a t i o n s  w i t h  t h e  w e s t e r n  s h o r e s

o f  t h e  l a k e  have  a s  y e t  b e en  made.
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XIV

SUi-liAl^Y AND CONCLUSIONS

1 .  SUMMARY.

A. HANGWA AND ITS IMMEDIATE SURROUNDINGS.

The r o c k s  on and a ro u n d  Hangwa form r i n g - s h a p e d  a r e a s  o f  

o u t c r o p ,  and t h e  o u t e r  r i n g s  a r e  g e n e r a l l y  o l d e r  t h a n  t h e  i n n e r  o n e s .

The i j o l i t e  and b i o t i t e  u n c o m p a h g r i t e  i n t r u s i o n  i s  a  c o m p o s i te  

o ne ,  and i t  i s  t h o u g h t  t o  have b een  c a u se d  by t h e  m u l t i p l e  i n j e c t i o n  

o f  m a t e r i a l  o f  i j o l i t i c  c o m p o s i t i o n  i n t o  a  body o f  m e l t e i g i t e  and 

p y r o x e n i t e .

The doming o f  t h e  basem ent  was p r o b a b l y  c a u s e d  by t h e  i n t r u s i o n  

o f  t h e  c e n t r a l  p l u t o n i c s .

B r e c c i a t i o n  o f  t h e  c o u n t r y  r o c k  o c c u r r e d  d u r i n g  doming.

The o u t e r  r i n g  o f  a l k a l i n e  p l u t o n i c s  t e n d s  to  f o l l o w  zo n es  

o f  b r e c c i a t i o n .

In  g e n e r a l ,  i j o l i t e s  and n e p h e l i n e  s y e n i t e s  c a u s e d  

f e n i t i s a t i o n ,  and c a r b o n a t i t e s  c a u s e d  f e l s p a t h i s a t i o n .  F e l s p a t h i s a t i o n  

i s  o f t e n  s u p e r im p o s e d  on f e n i t i s a t i o n .

The p y r o c l a s t i c s  on Hangwa a r e  m a in ly  e x t r u s i v e .

The p y r o c l a s t i c s  can be s p l i t  i n t o  two g r o u p s  o f  a g g l o m e r a t e ,  

b o t h  formed p r e d o m i n a n t l y  by f l u i d i s a t i o n ,  s e p a r a t e d  by a  t u f f  g r o u p ,  

w hich  was d e p o s i t e d  p a r t l y  s u b a e r i a l l y  and p a r t l y  i n  w a t e r .

Most o f  t h e  c a r b o n a t i o n  and f e l s p a t h i s a t i o n  i n  t h e  p y r o c l a s t i c s
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was c a u s e d  by v o l a t i l e s  and i o n s  o f  c a l c i u m ,  p o t a s s i u m  and sodium 

t r a p p e d  i n  t h e  r o c k  a s  i t  c o o le d .

S u b s i d e n c e  o f  t h e  v e n t  r o c k s  and t h e i r  im m e d ia te  s u r r o u n d i n g s  

o c c u r r e d  a f t e r  t h e  d e p o s i t i o n  o f  t h e  p y r o c l a s t i c s .

The c a r b o n a t i t e s  a r e  s p l i t  i n t o  t h r e e  g r o u p s ,  t h e  s m a l l  

c o n e s h e e t s  and d y k e s ,  c o a r s e  b r e c c i a t e d  c a r b o n a t i t e ,  r i c h  i n  m ic a  and 

a p a t i t e ,  and f i n e - g r a i n e d  m a g n e t i t e - r i c h  c a r b o n a t i t e  ( em p lac ed  m a in ly  

i l l  t h a t  o r d e r ) ,  a l l  o f  which  a r e  r e l a t e d  t o  a  c e n t r a l l y  p l a c e d  v e n t .

The s m a l l  c o n e s h e e t s  and dykes  a r e  found  t h r o u g h o u t  t h e  

p y r o c l a s t i c s .

The c o a r s e  m ic a c e o u s  c a r b o n a t i t e  forms a p a r t i a l  r i n g  ro u n d

t h e  c e n t r a l  a r e n a  o f  N y a k i r a n g a c h a ,  a.nd i s  a s s o c i a t e d  w i t h  a

f e l s p a t h i c  b r e c c i a .

The m a g n e t i t e - r i c h  c a r b o n a t i t e  v;as t h e  f i n a l  p l u g  t o  t h e  v e n t ,  

and i s  e x p o sed  on t h e  f l o o r  o f  N y a k i r a n g a c h a .

N e a r l y  a l l  t h e  c a r b o n a t i t e  i s  p r e d o m i n a n t l y  c a l c i t i c ,  b u t  some

o f  i t  may have  o r i g i n a t e d  a s  d o lo m i t e  o r  a n k e r i t e .

Some a l k a l i n e  d y k e s ,  m a in ly  p h o n o l i t e  and l a m p r o p h y r e ,  were  

i n t r u d e d  i n t o  t h e  complex a t  a  l a t e  s t a g e .

E r o s i o n  h a s  b e en  c o n t r o l l e d  m o s t ly  by many ch an g e s  i n  t h e  

b a s e  l e v e l .  P r e s e n t  day a c t i v i t y  r e p r e s e n t s  a  p a r t i a l  r e e r o s i o n  

to w a rd s  an  e a r l i e r  b a s e  l e v e l .

H y d r o th e r m a l  a c t i v i t y  c o n t i n u e d  u n t i l  q u i t e  r e c e n t l y .
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B. HANGWA AND THE KISINGIRI VOLCANO.

N e a r l y  a l l  t h e  v o l c a n i c s  o r i g i n a t e d  d i r e c t l y  o r  i n d i r e c t l y  a t  

a  s e r i e s  o f  v e n t s  a t  o r  n e a r  t h e  p o s i t i o n  o f  Rangwa.

The c o n g l o m e r a t e s  i n  t h e  lo w e r  p a r t  o f  t h e  s u c c e s s i o n  on 

R u s in g a  and Mfwangano a r e  t h o u g h t  t o  be m udflows,  i n i t i a t e d  by t h e  

o v e r f l o w  o f  m a t e r i a l  from a v e n t ,  and some o f  them a r e  c o r r e l a t e d  

t e n t a t i v e l y  w i t h  t h e  p y r o c l a s t i c s  on Rangwa.

The d i s t r i b u t i o n  o f  t h e  t u f f s  t o  t h e  n o r t h  and n o r t h w e s t  o f  

Rangwa i s  d i c t a t e d  by t h e  p r e v a i l i n g  wind d i r e c t i o n .

Most o f  t h e  m e l a n i t e  n e p h e l i n i t e s  were em placed  by f lo w  r a t h e r  

t h a n  e x p l o s i o n .

F r e q u e n t  l u l l s  i n  v o l c a n i c  a c t i v i t y  c a u s e d  u n c o n f o r m i t i e s  and 

t h e  d e p o s i t i o n  o f  i n t r a v o l c a n i c  s e d i m e n t s .

Most o f  t h e  n e p h e l i n i t e  l a v a s  and a g g lo m e r a t e  on t h e  m a i n l a n d  

were  em placed  a f t e r  c o n s i d e r a b l e  e r o s i o n  o f  t h e  domed ba sem e n t ,  and 

a f t e r  t h e  e r u p t i o n  o f  t h e  m e l a n i t e  n e p h e l i n i t e ;  so  t h e  c e n t r a l  i j o l i t e  

can  be c o r r e l a t e d  w i t h  few i f  any o f  t h e  l a v a s  o r  a g g l o m e r a t e s .

The n e p h e l i n i t e  l a v a s  and a g g l o m e r a t e s  a r e  t h o u g h t  t o  have 

o r i g i n a t e d  a t  a  v e n t  on t h e  s i t e  o f  N y a k i r a n g a c h a ,  and t h e  p h a s e s  o f  

c a r b o n a t i t e  i n t r u s i o n  t h e r e  may be r e l a t e d  to  e v e n t s  i n  t h e  se q u e n c e  

o f  e r u p t i o n  o f  t h e  l a v a  and a g g l o m e r a t e .

The Kaniamwa and Mfwangano F a u l t s ,  which c a u s e d  t h e  c e n t r a l  

p a r t  o f  t h e  v o l c a n o  t o  s u b s i d e ,  p o s t d a t e  most  o f  t h e  v o l c a n i c  a c t i v i t y .

E r o s i o n  p r o c e e d e d  most  q u i c k l y  to  t h e  n o r t h ,  where  t h e
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n e p h e l i n i t e s  a r e  u n d e r l a i n  by p o o r l y  c o n s o l i d a t e d  d e p o s i t s .

A l a r g e  b a s i n  was h o l lo w e d  o u t  ro u n d  Hangwa, a s  t h e  v o l c a n i c  

s c a r p s  r e t r e a t e d ,  and a  r a d i a l  p a t t e r n  o f  d r a i n a g e  was e s t a b l i s h e d  

on t h e  p e r i p h e r y  o f  t h e  v o l c a n o .

2 .  GGMPAHIdQNS.

These  f e a t u r e s  found  i n  t h e  a r e a  o f  Hangwa a r e  compared w i t h  

r e l e v a n t  o c c u r r e n c e s  e l s e w h e r e : -

1 .  The a s s o c i a t i o n  o f  c a r b o n a t i t e  w i t h  a l k a l i n e  s i l i c a t e s .

2 .  The o c c u r r e n c e  o f  a l k a l i n e  p l u t o n i c s  w i t h  v o l c a n i c s .

5 .  F l u i d i s a t i o n  and b r e c c i a t i o n  a t  t h e  v e n t .

4 .  The o c c u r r e n c e  o f  p y r o c l a s t i c s  rou n d  t h e  v e n t .

5 .  The emplacement  o f  c a r b o n a t i t e  i n  t h e  v e n t .

A. THE ASSOCIATION OF GAHBONaTITE WITH ALKALINE SILICATES.

.111 t h e  p h a s e s  o f  c a r b o n a t i t e  on Hangwa a r e  l a t e r  t h a n  t h e

main a l k a l i n e  n l u t o n i c  i n t r u s i o n s ,  a  r e l a t i o n s h i p  which  i s  w i d e s p r e a d  

i n  a l k a l i n e  com plexes  where c a r b o n a t i t e  i s  p r e s e n t .  A l th o u g h  a t  t h e  

p r e s e n t  e r o s i o n  l e v e l  on Hangwa c a r b o n a t i t e  i s  se ldom  s e e n  t o  i n t r u d e  

a l k a l i n e  p l u t o n i c s ,  t h e  age  r e l a t i o n s  a r e  s i m i l a r  t o  t h o s e  a t  many 

o t h e r  E a s t  A f r i c a n  c e n t r e s ,  where  c a r b o n a t i t e  i n t r u d e s  an  e n v e l o p e  o f  

a l k a l i n e  s i l i c a t e s .  For  exam ple ,  on Napak (King 194-9) t h e  c a r b o n a t i t e  

o f  L okupoi  was em placed  a t  t h e  c e n t r e  o f  a  mass o f  i j o l i t e ,  and a t  

T oro ro  ( D a v ie s  1956)  c a r b o n a t i t e  h a s  i n t r u d e d  and b r e c c i a t e d  n e p h e l i n e
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s y e n i t e  and i j o l i t e .

i lround Han,f>;wa, f e n i t i s a t i o n  i s  n o r m a l ly  a s s o c i a t e d  w i t h  a l k a l i n e  

s i l i c a t e s ,  and f e l s p a t h i s a t i o n  w i t h  c a r b o n a t i t e s .  Where t h e  two 

p r o c e s s e s  o c c u r  t o g e t h e r ,  f e l s p a t h i s a t i o n  i s  imposed  on f e n i t i s a t i o n ,  

a  phenomenon w hich  can  be s e e n  b e s t  a t  some p r e d o m i n a n t l y  c a r b o n a t i t e  

c e n t r e s  ( a s  a t  T o r o ro ,  King and S u t h e r l a n d  I 9 6 7 ) .  On Chilw a  I s l a n d  

(G a rso n  and Campbell  Sm i th  1 9 5 8 ) ,  b r e c c i a s  o f  f e n i t e  a r e  f e l s p a t h i s e d .

3 .  THE OCCURRENCE OF ALKALINE PLUTONICS WITH VOLCAiTIGS.

The e r o s i o n  l e v e l  i s  such  t h a t  a c e n t r a l  i n t r u s i o n  o f  a l k a l i n e  

p l u t o n i c s  and t h e  r e m n a n ts  o f  a  l a r g e  n e p h e l i n i t e  v o lc a n o  b o t h  

s u r v i v e .  Napali, where b o th  v o l c a n i c s  and p l u t o n i c s  a r e  e x p o se d ,  i s  a  

l a r g e  c e n t r a l  t y p e  v o l c a n o  which  has  a lm o s t  s i m i l a r  r o c k  a s s e m b l a g e s .  

However,  some f e a t u r e s  o c c u r  on t h e  K i s i n g i r i  Volcano which  a r e  n o t  

e v i d e n t  o r  c a n n o t  be p r o v e d  a t  Napak; l a r g e  amounts  o f  b i o t i t e  

u n c o m p a h g r i t e  o c c u r  a t  t h e  p l u t o n i c  c e n t r e  on Rangwa. The c e n t r a l  

p l u t o n i c s  e x p o sed  on Rangwa p r e c e d e  most o f  t h e  n e p h e l i n i t e s  o f  t h e  

v o l c a n o ,  w h e re a s  t h e  s u r v i v i n g  a l k a l i n e  p l u t o n i c s  a t  Napak p r o b a b l y  

p o s t d a t e  t h e  n e p h e l i n i t e  e r u p t i o n s .  A l a r g e  s u b s i d e d  mass o f  l a y e r e d  

p y r o c l a s t i c s ,  which  a r e  l a t e r  t h a n  t h e  a l k a l i n e  p l u t o n i c s ,  s u r r o u n d  

t h e  c e n t r a l  c a r b o n a t i t e s  on Rangwa.

D a v ie s  (1952)  i n f e r r e d  t h a t  a  c a r b o n a t i t e  c e n t r e  e x i s t s  b e n e a t h  

E lg o n ,  and Dawson ( I 9 6 2 ) ,  b e c a u s e  o f  t h e  wide  r a n g e  o f  a l k a l i n e  

p l u t o n i c  and  c a r b o n a t i t e  f r a g m e n ts  i n c l u d e d  i n  t h e  n e p h e l i n i t e
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a g g l o m e r a t e ,  showed t h a t  e a r l i e r  a l k a l i n e  c e n t r e s  e x i s t e d  b e n e a t h  

Oldoi i iyo  L e n g a i .  The f a c t  t h a t  n e p h e l i n i t e  a g g l o m e r a t e s  so o f t e n  

c o n t a i n  f r a g m e n t s  o f  a l k a l i n e  p l u t o n i c s  c o u ld  im p ly  t h a t  t h e i r  v e n t s  

have  som et im es  b e e n  d r i l l e d  t h r o u g h  a l k a l i n e  p l u t o n i c  c e n t r e s :  t h i s  

i s  i n  f a c t  t h e  c a s e  a t  Napak a l s o .  So i t  i s  n o t  anom alous  t h a t  t h e  

c e n t r a l  p l u t o n i c  complex which  s u r v i v e s  a t  Rangwa was formed b e f o r e  

t h e  main n e p h e l i n i t e  e r u p t i o n s  t h e r e .

At t h e  c a r b o n a t i t e  c e n t r e  a t  Mbeya i n  T a n z a n i a  (Fawley  and 

James 1955)  and a t  Chi lwa  i n  Malawi (G arson  and Campbell  S m i th  1 9 5 8 ) ,  

i t  h a s  b e e n  s u p p o s e d  t h a t  l a r g e  v o l c a n i c  s u p e r s t r u c t u r e s  once e x i s t e d .  

The o c c u r r e n c e  o f  c a r b o n a t i t e s  a t  Rangwa a t  t h e  c e n t r e  o f  a  

n e p h e l i n i t e  v o l c a n o  must g iv e  i n d i r e c t  s u p p o r t  t o  t h e s e  s u p p o s i t i o n s .

C. FLUIDISATION AND BRECCIATION AT THE VENT.

Most o f  t h e  a g g l o m e r a t e s  on Rangwa show t h e  c h a r a c t e r i s t i c s  o f  

r o c k s  formed by f l u i d i s a t i o n  (pp 120- 124) ,  and t h e  c e n t r a l  

c a r b o n a t i t e s  a r e  i n t i m a t e l y  a s s o c i a t e d  w i t h  b r e c c i a  formed p a r t l y  f rom 

f r a g m e n t s  o f  t h e  p y r o c l a s t i c s .  These f e a t u r e s  a r e  found  w i d e ly  b o t h  

a t  c a r b o n a t i t e  c e n t r e s  and i n  o t h e r  v o l c a n i c  e n v i r o n m e n t s .

The r o c k s  o f  t h e  t h r e e  c a r b o n a t i t e  v o l c a n o e s  o f  t h e  R u fu n sa  

V a l l e y  i n  Zambia ( B a i l e y  I 96O) have some a f f i n i t i e s  w i t h  t h e  

p y r o c l a s t i c s  and c a r b o n a t i t e s  on Rangwa. The a g g l o m e r a t e  on Chasw e ta  

c o n s i s t s  m a i n l y  o f  r o u n d e d  f r a g m e n t s  i n  a c a l c a r e o u s  m a t r i x ,  and 

B a i l e y  c o n s i d e r s  t h a t  t h e s e  were  formed d u r i n g  t h e  c o n t i n u o u s  p h a s e  o f
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f l u i d i s a t i o n ;  t h e  l a r g e r  o f  t h e  v e n t s  a t  Chasweta  h a s  been  p l u g g e d  

by a  c o n c e n t r i c a l l y  b anded  c a r b o n a t i t e ,  which  h a s  c a u s e d  b r e c c i a t i o n  

and f e l s p a t h i s a t i o n ,

R ey n o ld s  (1954)  d e s c r i b e d  t h e  p r o c e s s  o f  f l u i d i s a t i o n ,  and 

c i t e s  a  wide r a n g e  o f  g e o l o g i c a l  exam ples  i n  w hich  i t  c o u ld  have 

o p e r a t e d ,  some o f  which  a r e  v o l c a n i c  o r  s u b v o l c a n i c ,  f o r  example  t h e  

u p r u s h i n g  g a s  p h a s e  on V esuv ius  and t h e  Swabian t u f f  p i p e s .  The v e n t  

a g g l o m e r a t e  o f  t h e  P e r i p h e r a l  Zone o f  t h e  c a l d e r a  o f  t h e  Ardh B h e inn  

a r e a  i n  f i r r a n  (iCing 1 9 5 5 ) ,  w i t h  i t s  g r e a t  v a r i e t y  o f  r o u n d e d  f r a g m e n t s  

i n  an in h o m o g e n e o u s , som etim es  banded  m a t r i x  h a s  a  s i m i l a r  t e x t u r e  

t o  some o f  t h e  a g g l o m e r a t e s  on Rangwa.

D. THE OCCURRENCE OF PYROGLiiBTIGS ROUND THE VENT.

The in w a rd  d i p s  o f  t h e  b a n d in g  and b e d d in g  o f  t h e  a g g l o m e r a t e s  

and t u f f s  on Rangwa have b e en  i n t e r p r e t e d  a s  b e i n g  p a r t l y  

d e p o s i t i o n a l ,  and  p a r t l y  due t o  t h e  s u b s i d e n c e  o f  t h e  v o l c a n i c  c e n t r e ,  

and t h e  c a r b o n a t i o n  and f e l s p a t h i s a t i o n  o f  t h e  a g g l o m e r a t e s  a r e  

t h o u g h t  t o  have  b e en  c a u se d  by c a r b o n a t e  and a l k a l i s  t r a p p e d  i n  t h e  

r o c k  a s  i t  c o o l e d .  Two e x a n p l e s  show t h a t  r o c k s  o f  s u p e r f i c i a l  

s i m i l a r i t y  may be formed i n  v e r y  d i f f e r e n t  ways o r  have  d i f f e r e n t  

r e l a t i o n s  t o  t h e i r  s u r r o u n d i n g s .

Verwoerd ( i 960 p 153)  d e s c r i b e d  t h e  G o u d in i  Volcano  i n  S o u th  

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

and t u f f " .  More t h a n  two t h i r d s  o f  t h e  a r e a  i s  c o v e r e d  by f i n e - g r a i n e d

s e d i m e n t s  w i t h  in w a rd  d i p s  o f  30° -  8 0 ° .  The body i s  o v a l  w i t h  a
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l o n g e r  d i a m e t e r  o f  n e a r l y  f o u r  m i l e s .  Verwoerd m a i n t a i n s  t h a t  t h e  

t u f f s  were  formed by th e  subaqu eo us  r e d e p o s i t i o n  o f  v o l c a n i c  m a t e r i a l  

i n  a c o n t i n u a l l y  s u b s i d i n g  b a s i n ,  and t h a t ,  s i n c e  some b a n d s  a r e  more 

c a r b o n a t e - r i c h  t h a n  o t h e r s ,  t h e  a l t e r a t i o n  was c a u s e d  by " s e l e c t i v e  

c a r b o n a t i s a t i o n " .

R ichey  (1938)  d e s c r i b e d  t h e  v e n t s  o f  t u f f  and a g g lo m e r a t e  

d r i l l e d  t h r o u g h  t h e  T e r t i a r y  P l a t e a u  B a s a l t s  a t  Ben R i a n t  on 

i t rdnam urchan .  lie s u p p o s e d  t h a t  t h e  o r i g i n a l  c r a t e r s  were formed by 

g i g a n t i c  e x p l o s i o n s ,  and t h a t  rh y th m ic  d e p o s i t i o n  o f  a g g lo m e r a t e  and 

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

m a t e r i a l  s u c c e e d e d  by g a s  p h a s e s .  Near t h e  v e n t - w a l l s ,  t h e  

a g g l o m e r a t e s  c o n t a i n  many f r a g m e n t s  o f  b a s a l t ,  wh ich  R ichey  

i n t e r p r e t e d  a s  s c r e e  from t h e  w a l l s .  So,  a l t h o u g h  t h e  mode o f  

f o r m a t i o n  o f  some o f  t h e  a g g l o m e r a t e s  and t u f f s  may n o t  have b e e n  

u n l i k e  t h a t  o f  t h e  p y r o c l a s t i c s  on Rangwa, t h e i r  o u t e r  b o u n d a ry  i s  

n o t  f a u l t e d .

E. THE EMPLACEI-iENT OF CARBONATITE IN THE VENT.

The emplacement  o f  t h e  Kinyamungu C a r b o n a t i t e  on Rangwa was 

t h e  f i n a l  m a jo r  i g n e o u s  e v e n t  on Rangwa, and i t  p r o b a b l y  p l u g g e d  t h e  

m ain  v e n t  o f  t h e  K i s i n g i r i  V o lcano .  C a r b o n a t i t e  p l a y s  a  s i m i l a r  p a r t  

a t  many o t h e r  a l k a l i n e  v o l c a n i c  c e n t r e s .  At K e r i m a s i ,  t h e  v e n t  i s  

p l u g g e d  by b a n d ed  m a g n e t i t e - r i c h  c a r b o n a t i t e  ( Jam es  1 9 3 6 ) .  At o t h e r  

more e r o d e d  c o m p lex e s ,  t h e  c e n t r a l  p o s i t i o n  and l a t e  o c c u r r e n c e  o f
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c a r b o n a t i t e  im p ly  t h a t  t h e  v e n t s  o f  a l k a l i n e  v o l c a n o e s  a r e  n o r m a l ly  

p l u g g e d  by c a r b o n a t i t e .  The t r e n d  to w a rd s  c a r b o n a t e  e n r i c h m e n t  i n  

t h e  l a v a s  o f  O ld o iny o  L en g a i  (Dawson 1962) i s  p r o b a b l y  an  e x t r u s i v e  

m a n i f e s t a t i o n  o f  t h i s  phenomenon.

3 .  GENERAL OBSERVATIONS.

The o r d e r  o f  f o r m a t i o n  o f  t h e  main g r o u p s  o f  r o c k s  on Rangwa

i s  : -

1 .  A l k a l i n e  p l u t o n i c s .

2 .  C a r b o n a te d  p y r o c l a s t i c s ,

3 .  L a t e  c a r b o n a t i t e s  and c a r b o n a t e d  and f e l s p a t h i s e d  b r e c c i a s .  

I t  h a s  b e e n  s u g g e s t e d  t h a t  most o f  t h e  n e p h e l i n i t e s  o f  t h e  K i s i n g i r i  

Volcano were  e x t r u d e d  a f t e r  t h e  Rangwa p y r o c l a s t i c s ,  and b e f o r e  t h e  

f i n a l  c a r b o n a t i t e  on Rangwa.

The e a r l y  a l l i a l i n e  p l u t o n i c s  form a  r e l a t e d  g ro u p ,  o f  w hich  

t h e  e a r l i e s t  formed members a r e  p r o b a b l y  p y r o x e n i t e  and m e l t e i g i t e  

and w hich  i n c l u d e  c a r b o n a t i t e .  Vents  were  d r i l l e d  t h r o u g h  t h e  e a r l y  

p l u t o n i c s  by r i s i n g  s t r e a m s  o f  g a s  w h ich  was r i c h  i n  c a r b o n  d i o x i d e  

and c o n t a i n e d  c a l c i u m ,  sodium and p o t a s s i u m .  The m a t e r i a l  c a r r i e d  by 

t h e s e  s t r e  amis was em placed  e i t h e r  a s  f lo w s  o f  a g g lo m e r a t e  o r  a s  a s h  

f a l l s .  I t  i s  t h o u g h t  t h a t  t h e  n e p h e l i n i t e  l a v a s  and a g g l o m e r a t e s  

were e r u p t e d  from t h e  c e n t r e  o f  t h e  v e n t  a r e a ,  and t h e  v e n t  was p l u g g e d  

by a  s e r i e s  o f  c a r b o n a t i t e s ,  which  were  em placed  e i t h e r  by e x p l o s i v e  

a c t i o n  o r  a s  l i q u i d s .



2u3.

The r o c k s  formed on Rangwa and t h e  K i s i n g i r i  Volcano form 

two s e r i e s

1 .  j l l k a l i n e  s i l i c a t e s ,  b o t h  i n t r u s i v e  and e x t r u s i v e ,  and

f e n i t e s .

2 .  C a r b o n a t i t e s ,  r o c k s  o f  c a r b o n a t i t i c  a f f i n i t i e s  and 

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

I n  a  c y c l e  o f  a c t i v i t y ,  t h e  se c o n d  g ro up  n e a r l y  a lw ays  s u c c e e d s  t h e  

f i r s t .
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A ppendix  A.

The f o l l o w i n g  r a d i o m e t r i c  d a t e s  have been  g i v e n  f o r  r o c k s  

from Hangwa:-

( a )  By Dr. M i l l e r  o f  Cambridge : -

B i o t i t e  from b i o t i t e  u n c o m p a h g r i t e  o f  t h e  c e n t r a l  

p l u t o n i c  complex

1 9 .0 + 0 . 3 m i l l i o n y e a r s

1 9 .0 +
0 .3 11

1 9 . 2 +
0 .3 11 11

1 9 .3
+

0 . 3 ÎÎ If

P h l o g o p i t e  from t h e  E k io ja n g o  C a r b o n a t i t e : -  

42 -  3 m i l l i o n  y e a r s .

(b )  By Dr.  S n e l l i n g  o f  Oxford

P yro xene  from Sagurume I j o l i t e : -  33 m i l l i o n  y e a r s .

B i o t i t e  from t u r j a i t e  o f  t h e  c e n t r a l
c o m p le x : -  17*3 ” "

O r t h o c l a s e - a e g i r i n e  r o c k  from K i a k o : -  24 m i l l i o n  y e a r s .  

Dr. M i l l e r  and  Dr.  D u e l l i n g  a r e  th a n k e d  f o r  making t h e s e  r e s u l t s  

a v a i l a b l e .



265.

A'O'oendix 3 .

RFA 2 and  RFA 3 a r e  b i o t i t e  u n c o m p a h g r i t e  

RFA 6 i s  c o a r s e - g r a i n e d  i j o l i t e .

The f o l l o w i n g f o u r  a n a l y s es  o f  .m in e ra ls  from th e a l k a l i n e

p l u t o n i c  r o c k s  on Ran-;wa were r e c e i v e d  a f t e r t h e  p r e s e n t s t u d y

3 C O m ple ted : -

Pyroxene Pyroxene M e l i l i t e B i o t i t e
from from from from

RFA 2. RFA 6 . RFA 3 . RFA 3 .

SiO^ 5 0 . 5 4 5 1 .6 0 4 2 .8 9 3 8 .4 8

TiO^ 1 .6 5 0 .5 3 0 .1 1 2 .9 5

A i p 3 2 . 4 4 1 .0 9 3 .8 7 1 4 .2 2

F e p 3 2 .2 4 2 .8 8 1 . 0 0 1 .0 9
FeO 2 .4 2 4 .8 3 2 .3 3 6 .7 3
MnO 0 .0 7 0 .2 7 0 .1 3 0 .1 6

HgO 1 5 .5 4 1 4 .2 0 8 .2 8 2 1 .5 6

CaO 2 4 .7 8 2 3 .6 3 3 3 .7 3 0 .9 8

Na^O 0 .3 8 0 .9 3 3 .3 6 0 .3 2

0 .0 5 0 .1 0 0 .3 8 1 0 .3 6

- - 1 .0 3 0 . 6 4

^2 1 - - 0 .2 7

^ 2 ^ 0 .0 7 0 .0 1 0 .4 7 0 .0 7

T o t a l 1 0 0 .18 1 0 0 .0 9 9 9 .3 4 9 7 .8 3

A n a l y s t : -  H.. L lo y d .
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