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ABSTRACT

The a re a  l i e s  between th e  K erio  and Suguta R iv e rs  in  so u th e rn  Turkana, 

Metamorphic basem ent ro ck s  a re  exposed a long  th e  a x is  o f  an a n t i c l i n a l  a rc h  

which i s  o v e r la in  by a  su ccess io n  o f  v o lc a n ic s  and a s s o c ia te d  sed im en ts , 

up to  2 ,0 0 0  f t .  (610  m .) in  th ic k n e s s  w est o f  i t ,  and up to  11 ,0 0 0  f t .  

(3 i ^00 ra .) e a s t  o f i t .

A b a s a l  g r i t  fo rm ation  p a s s e s  up in to  b a s a l t s  d a tin g  from l 6*6 ra .y ., 

which a re  th en  o v e r la in  unconform ably by a  th ic k  su ccess io n  o f p h o n o li te s .  

The l a t t e r  c o n s t i tu te  th e  T i a t i  H i l l s  e a s t  o f  th e  basem ent i n l i e r .  The , 

p h o n o li te s  a re  succeeded by b a s a l t s  which a re  in  tu rn  o v e r la in  by a  group 

o f la rg e  t r a c h y te  c e n t r a l  v o lc an o es , c o n s is t in g  o f t r a c h y te  la v a s  and 

su b o rd in a te  p y r o c la s t i c s ,  in c lu d in g  welded t u f f s ,  e ru p te d  from m u lti

c e n tre  source  zones. Minor b a s a l t  e ru p tio n s  a re  th e  l a s t  m a n ife s ta t io n  o f 

v o lc a n ic  a c t i v i t y  o ld e r  th an  th e  s h ie ld  vo lcanoes o f th e  a x i a l  zone. The 

l a t t e r  a re  on ly  re p re s e n te d  in  th e  p re s e n t  a re a  by th e  d i s t a l  p o r t io n s  

o f  a i r f a l l  t u f f  showers e ru p te d  from them.

S t r u c tu r a l ly ,  th e  o ld e r  e ru p tio n s  a re  r e l a t e d  to  a  m onocline a c t iv e  

a t  f i r s t  to  th e  w est o f  th e  p re s e n t  w ate rsh ed , b u t m ig ra tin g  s te a d i ly  

eastw ards w ith  tim e . In  t h i s  manner, e a s t  o f  th e  basem ent a rc h , th e  

v o lc a n ic s  become younger tow ards th e  c e n tre  o f th e  develop ing  r i f t  v a l le y .  

The younger v o lc a n ic s  a re  cu t by norm al f a u l t s  tre n d in g  g e n e ra l ly  n o r th -  

n o rth e a s tw a rd s .

A wide range o f rock  ty p e s  i s  p r e s e n t ,  in c lu d in g  b a s a n i to id s ,  

b a s a l t s ,  m u g e a rite s , p h o n o li te s  and t r a c h y te s  among th e  la v a s ,  and 

pumice t u f f s  and w elded t u f f s  among th e  p y r o c la s t ic s .  The b a s ic  and 

s a l i c  la v a s  a re  p re s e n t  in  ap p rox im ate ly  equ a l volume, and to g e th e r  a re  

f a r  more abundant th an  in te rm e d ia te  la v a s .  T h e ir  a l k a l i n i t y  d ec re ase s  

g e n e ra lly  w ith  tim e . The d i s t r i b u t io n  o f each m ajor s t r a t ig r a p h ie  u n i t  

i s  r e la te d  to  in f e r r e d  c y c le s  o f  raagmatism.
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CHAPTER 1

GENERAL INFORMATION AND INTRODUCTION



1 . S itu a tio n , eind Access

The a re a  i s  s i tu a te d  in  B aringo and South Turkana D i s t r i c t s ,  R i f t  

V a lley  P ro v in ce , Kenya, I t  dev ers  358 square  m ile s  (920  sq .km ,) and

l i e s  between l a t i t u d e s  1°15'N  and 1^29*N, and lo n g itu d e s  35°4l*E

and 3 6°10 'E , F ig .  1 .

The a re a  i s  bounded on th e  e a s t  by th e  ro ad  to  Lake R u d o lf, Two

m otorab le  t r a c k s  le a d in g  o f f  from t h i s  e n te r  th e  a r e a ,  one by way o f

th e  K ito  P ass , and a  second to  beyond A kore t.

F or th e  pu rposes o f mapping, re g io n s  ly in g  f a r  from th e  ro ad s  can 

be reach ed  by donkey s a f a r i s ,

2 .  Physiography

The a re a  can be d iv id ed  p h y s io g ra p h ic a lly  in to  th r e e  re g io n s .

F ig ,  2 ,

(a )  th e  Suguta low lands

(b ) th e  T i a t i  H i l l s  and Ribkwo H i l l s

( c )  th e  K erio  lo w lan d s.

The n o rth -f lo w in g  Suguta and K erio  R iv e rs  a re  perm anent in  th e  

l a t i t u d e  o f th e  p re se n t a r e a ,  bu t become sem i-perm anent n e a re r  Lake 

R u fo lf ,  They a re  a t  h e ig h ts  o f about 2 ,200  f t .  O.D. f o r  th e  S uguta, 

and 3 ,0 0 0  f t ,  O.D, fo r  th e  K e rio , The ground between them r i s e s  to  

over 7 ,000  f t ,  O .D ,, th e  h ig h e s t  p o in t be ing  T i a t i  a t  7»7l8 f t ,  O.D.

There i s  an o v e r a l l  c o r r e l a t io n  between v o lc a n ic  h i s to r y  and 

topography . Former v o lc an o es , a lth o u g h  d is s e c te d  to  v a ry in g  d eg ree s , 

a r e  s t i l l  i d e n t i f i a b l e  a s  to p o g rap h ic  u n i t s ,

(a )  The Suguta low lands occupy a  r e l a t i v e l y  sm all p a r t  o f  th e  

a r e a .  The Suguta r i s e s  a t  Kapeddo, a  few m ile s  so u th  o f  th e  a r e a .

I t s  v a l le y  a t  t h i s  l a t i t u d e  i s  n o t v e ry  w ide, be ing  bounded to  th e  

e a s t  by th e  P le is to c e n e  volcano  S i l a l i ,  and to  th e  w est by th e  Ribkwo
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PLATE I  : Silali and the Suguta flats^ from Lokitet.

PLATEE:  Chebelo from Lokitet.



The f l a t  i n t e r f l u v e s  a re  s trew n  w ith  a  t h i c k  m antle  o f  ro ck  w aste  in to  

w hich a r e  c u t one o r  two t e r r a c e  l e v e l s .

N earer th e  T i a t i  f o o t h i l l s ,  ro ck  o u tc ro p s  occur more f r e q u e n t ly ,  

and th e  K erio  low lands ta k e  on a  g r e a te r  degree o f  r e l i e f .  R es id u a l 

h i l l s  a re  p r e s e n t ,  th e  h ig h e s t  be in g  P ukaleh , th e  summit o f which i s  

450  f t .  ( l4 0  m.) above th e  su rro u n d in g  p l a in s .

3 .  D rainage

The p re s e n t  day d ra in a g e  p a t te r n  i s  d is c u s se d  in  C hapter 4 .  In  

t h i s  s e c t io n ,  th e  m ain tenance and d i s t r i b u t i o n  o f flow  w i l l  be d isc u sse d ,

The K erio  and S uguta a re  th e  o n ly  perm anent r i v e r s  in  th e  p re s e n t

a r e a .

The S uguta i s  fe d  by h o t s a l in e  s p r in g s  a t  Kapeddo, and a t  L o ru s io , 

i n  th e  s o u th e a s t  c o rn e r  o f  th e  p re s e n t  a r e a ,  where a  w ater te m p era tu re  

o f  72°C was re c o rd e d . I t  i s  a l s o  fe d  by c o o le r ,  n o n -s a lin e  s p r in g s  a t  

Kapeddo, and d u rin g  th e  r a in y  season  by r u n - o f f  from th e  Nginyang and 

Amaya R iv e rs ,  among o th e r s .

The K erio  i s  fe d  by h o t s p r in g s  a t  i t s  so u rce  in  th e  M etkei F o re s t ,  

and  by r u n - o f f  from t r i b u t a r y  s tream s d ra in in g  th e  Elgeyo Escarpm ent 

and c o o le r  a re a s  w est and so u th  o f  th e  main tru n k  s tre a m . I t s  w ater 

i s  c o o le r  th a n  th a t  o f  th e  S u gu ta , and much more se d im e n t- la d e n .

The a re a  i s  d ra in e d  e x c lu s iv e ly  by t r i b u t a r i e s  o f th e s e  two r i v e r s ,  

none o f  w hich i s  perm anent, because o f th e  se a so n a l n a tu re  o f  th e  

r a i n f a l l ,  VJhile th e  l a r g e r  t r i b u t a r i e s  a re  flo w in g , th e y  have trem endous 

e ro s iv e  and t r a n s p o r t  c a p a c i t i e s ,  and can move a t  speeds up to  

15  m .p .h . (24 k . p . h . ) ,  a lth o u g h  th e y  may o n ly  flow  f o r  s e v e ra l  days 

o r even h o u rs .  D uring p e r io d s  o f  such flo w , th e  r i v e r  re p le n is h e s  th e  

w a te r l e v e l  i n  i t s  own ch an n e l d e p o s i t s .

Away from r i v e r s ,  w a te r i s  co n fin e d  to  c lo se d  system  r a in  c a tc h 

ment p o o ls  on b a re  ro c k , o r to  o c c a s io n a l s p r in g s .  The l a t t e r  a re



c o n fin e d  to  a re a s  o f  b a s a l t ,  where th e  b a s a l  ru b b le  o f  b a s a l t  flow s 

a c t s  a s  an a q u i f e r ,  and a r e  more o r  l e s s  perm anent. Such s p r in g s  a re  

m a in ta in e d  by p e rc o la t in g  g roundw ater, a re  n o n - s a l in e ,  and may have 

d e p o s i ts  o f t r a v e r t i n e  a s s o c ia te d  w ith  them .

4 .  C lim ate

The c l im a te  i s  o f  th e  s e m i-a r id  savannah ty p e , w ith  a  s tro n g ly  

s e a s o n a l d i s t r i b u t i o n  o f  r a i n f a l l .  The an n u a l r a i n f a l l  i s  between 

15 i n s .  and 25 i n s .  (58  cm. and 64 cm.) p e r annum, f a l l i n g  m ain ly  in  

November and December -  th e  s h o r t  r a i n s ,  and from A p ril to  J u ly  -  th e  

lo n g  r a i n s .  T em perature depends on a l t i t u d e ,  ra n g in g  from 115°F 

( re c o rd e d  3«00 p.m . Jan u a ry  I 9 6 8 ) on th e  Suguta low lands to  50°F o r  

below n e a r  T i a t i  summit.

5 . F lo r a  and Fauna

The f l o r a  depends on ro ck  ty p e  and lo c a l  c l im a t ic  v a r ia t io n s  due 

to  r e l i e f ,  b u t h a s  been m o d ified  by o v e rg ra z in g  and s o i l  e ro s io n .  The 

whole a r e a  below  5 ,0 0 0  f t .  O.D. i s  c h a ra c te r iz e d  by a  sp a rse  th o rn  

bush cov er and im m ature s o i l s  d e f ic ie n t  i n  o rg a n ic  m a te r ia l .  The 

S uguta low lands su p p o rt on ly  o c c a s io n a l g ra s s  and th o rn  b u sh es . T h e ir  

g r a v e l ly  c h a r a c te r  changes a t  L o ru s io , where th e  s o i l  i s  im pregnated  

w ith  s a l t s  from  th e  h o t s p r in g s ,  and a  tough  sp ik y  g ra s s  t h r i v e s .

Over 5 ,0 0 0  f t .  O .D ., E uphorbia  candelabrum  a p p e a rs , and above 

6 ,5 0 0  f t .  O.D. p a tc h e s  o f dense deciduous f o r e s t  o c c u r .

The banks o f  th e  l a r g e r  r i v e r s  a re  f r in g e d  w ith  th in  s t r i p s  o f  

r i v e r i n e  f o r e s t .  T h is  i s  e s p e c ia l ly  t r u e  o f  th e  K erio  and i t s  l a r g e r  

t r i b u t a r i e s .  The K erio  p la in s  th em se lv es  have a  th ic k  cover o f th e  

' w a i t - a - b i t ' th o rn  b u sh .

The o r ig i n a l  fau n a  h as  been much red u ced  by th e  poaching  and 

g ra z in g  o f  th e  l o c a l  p e o p le , sind l i o n  and le o p a rd  a re  now v e ry  r a r e .



E le p h a n t, rh in o c e ro s  and hippopotam us no lo n g e r  e x i s t  in  th e  a r e a ,  

though  t h e i r  p re sen ce  in  th e  r e c e n t p a s t  i s  in d ic a te d  by th e  number o f 

p la c e  names r e f e r r in g  to  them .

L arge h e rd s  o f  G ra n t ' s g a z e l le  in h a b i t  th e  Suguta p la in s  and 

a d jo in in g  low er ground, to g e th e r  w ith  o c c a s io n a l oryx and o s t r i c h .  

G rea t kudu a re  found in  th e  h i l l s ,  w h ile  hyaena, h u n tin g  dogs and 

b u f f a lo  in h a b i t  th e  dense bush o f  th e  K erio  lo w la n d s .

Sm all mammals a re  abundant th ro u g h o u t th e  a r e a ,  to g e th e r  w ith  

v a r io u s  r e p t i l e s  and a  f lo u r i s h in g  in s e c t  l i f e .

6 . P eop le

The a re a  i s  in h a b i te d  by th e  Pokot and Turkana t r i b e s ,  th e  

boundary betw een them ru n n in g  s o u th e a s t-n o r th w e s t a lo n g  th e  A koret 

ro a d . Both t r i b e s  le a d  a  v e ry  f r u g a l  sem i-nom adic e x is te n c e ,  l i v in g  

a lm o st e n t i r e l y  on th e  b lo o d , m ilk  and meat o f  t h e i r  c a t t l e ,  cam els, 

sheep  and g o a ts .  The a v a i l a b i l i t y  o f  w a te r fo r  s to c k  de te rm in es  th e se  

p e o p le ’ s  movements, and even t h e i r  co n tin u e d  e x is te n c e .  N e v e r th e le s s , 

th e y  have s t e a d f a s t l y  r e fu s e d  most a t te m p ts  to  b e t t e r  t h e i r  l o t .  

C u l t iv a t io n  i s  m in im al, b u t in c lu d e s  m aize, to b acco  and sorghum.

O verg raz ing  i s  a  s e r io u s  problem , bu t th e y  r e fu s e  to  r e s t r i c t  

th e  s iz e  o r  movements o f t h e i r  h e rd s  o f s to c k .

To o u ts id e r s ,  th e y  a re  g e n e ra l ly  f r i e n d ly  and c o o p e ra tiv e ,

P la te  I I I ,  excep t f o r  th e  Pokot in  th e  K erio  v a l l e y .  S w a h ili i s  

spoken th ro u g h o u t most o f  th e  a r e a .

7 .  I n tro d u c t io n

T h is  s e c t io n  s e rv e s  to  in tro d u c e  th e  geo logy  o f th e  a r e a ,  and to  

p u t i t  i n to  a  r e g io n a l  c o n te x t .  P rev io u s  and c u r re n t  work w i l l  th e n  

be d is c u s s e d .

The a u t h o r 's  a r e a  i s  s i t u a t e d  i n  th e  R i f t  V a lley  a t  a  l a t i t u d e



PLAT EDI Jerikan,  a friendly and coopera t ive  Pokot



where th e  r i f t  v a l le y  a s  a  whole i s  w idening and showing an in c re a s in g  

d iv e r s i t y  o f  s t r u c t u r e s ,  F ig ,  3« Between N a iro b i and N akuru, th e  r i f t  

zone i s  n o t more th a n  40 m ile s  (65  km.) w ide. N orthw ards, i t  opens 

o u t ,  so t h a t  a t  0 °3 0 'N complex f a u l t  b lo ck s  occupy th e  r i f t  f lo o r ,  

w ith  a  v o lc a n ic  h i s to r y  more co m p lica ted  th a n  th a t  o f  th e  s h o u ld e rs . 

T h is  t r e n d  c o n tin u e s  n o rth w ard s , and a t  2°00*N th e  r i f t  zone i s  abou t 

90  m ile s  ( i4 5  km .) w ide.

Throughout i t s  le n g th ,  th e  r i f t  f lo o r  has had a  complex h i s to r y ,  

b u t th e r e  i s  o f te n  an approx im ate  b i l a t e r a l  symmetry abou t a  c e n t r a l  

zo n e . T h is  zone i s  a  f e a tu r e  which ex ten d s from Lake Magadi to  Lake 

R u d o lf, and i s  th e  s i t e  o f  th e  most re c e n t v o lc a n ic  a c t i v i t y ,  p a r

t i c u l a r l y  marked by th e  la rg e  c e n t r a l  v o lc a n o e s . Examples o f  th e se  

a r e  Suswa, M enengai, Paka, S i l a l i  and Emuriangokolok, n e a r ly  a l l  o f 

w hich have c a ld e r a s .

The r i f t  m arg ins th em se lv es  may be a  s in g le  f a u l t , a  s e r i e s  o f  

s te p  f a u l t s ,  o r  a  m o n o c lin a l downwarp.

The a u t h o r 's  a r e a  makes a  t r a n s e c t  from n e a r  th e  E lgeyo Escarpm ent, 

th e  w e s te rn  edge o f  th e  r i f t  z o n e ,to  th e  a x i a l  zone. The symmetry 

abou t th e  a x i a l  zone i s  o n ly  ap p ro x im ate , s in c e  th e re  a re  no co u n te r

p a r t s  o f  th e  K erio  v a l le y  o r  T i a t i  H i l l s  e a s t  o f th e  S ugu ta .

The a re a  c o n s i s t s  e s s e n t i a l l y  o f a  n o r th - s o u th  tr e n d in g  a rc h , 

i n  th e  eroded  co re  o f  w hich i s  exposed a  c r y s t a l l i n e  metamorphic 

com plex. T h is  i s  o v e r la in  by a  v o lc a n ic  sequence much th ic k e r  and 

more v a r ia b le  e a s t  o f  th e  a rc h  th a n  w est o f  i t .

A v a r ia b le  b a s a l  s u c c e s s io n  i s  p re s e n t ,  c o n s is t in g  o f g r i t s  and 

tu f f a c e o u s  se d im e n ts . In  th e  w est, th e  e a r l i e s t  v o lc a n ic  a c t i v i t y  

i s  b a s a l t i c ,  s e p a ra te d  from th e  o v e r ly in g  p h o n o li te s  by an unco n fo rm ity . 

T here i s  th e n  an ex tended  p e r io d  o f  e ro s io n  b e fo re  th e  e ru p tio n  o f th e  

Chepkowagh M u g earite . E a s t o f  th e  a rc h , bo th  b a s a l t s  and p h o n o li te s
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a r e  much t h i c k e r .  The p h o n o li te s  a re  th e n  o v e r la in  by fo rm atio n s  n o t 

p r e s e n t  w est o f  th e  a r c h .  The e a r l i e s t  o f th e se  i s  th e  T ir io k o  B a s a l ts  

which o v e r l i e s  v a r io u s  fo rm a tio n s  i n  th e  Tugen H i l l s  Group.

O v erly in g  th e  T ir io k o  B a s a l ts  i s  a  s e r i e s  o f t r a c h y t ic  s t r a t o -  

v o lc a n o e s  i n  which w elded t u f f s  a re  p ro m in en t. V a ria b le  th ic k n e s s e s  

o f  sed im en t a re  p r e s e n t ,  some o f  which c o n ta in  v e r te b r a te  f o s s i l  

re m a in s . S c a t te r e d  flow s o f o l i v in e - b a s a l t  were e ru p te d  from c e n tr e s  

on th e  e a s te r n  f r in g e s  o f  th e s e  v o lc a n o e s , m arking th e  end o f  a c t i v i t y  

o u ts id e  th e  c e n t r a l  zone .

The most r e c e n t  v o lc a n ic  d e p o s its  i n  th e  p re s e n t a re a  a re  

a s s o c ia te d  w ith  th e  a x i a l  zone c e n t r a l  v o lcan o es S i l a l i  and Emuruan- 

goko lok , and c o n s is t  p r in c i p a l l y  o f  th i n  pumice d e p o s i t s .

The s t r u c t u r e  o f  th e  a r e a  i s  no t co m p lica ted , and i s  r e l a t e d  to  

t i l t i n g  o f  th e  re g io n  e a s t  o f  th e  basem ent a rc h , on th e  T i a t i  Mono

c l i n e .  F a u l t in g  o c c u rs  p red o m in an tly  on a  n o r th n o r th e a s t  t r e n d ,  but 

n o r th w e s t- s o u th e a s t  tr e n d in g  f a u l t s  a l s o  o c c u r.

P la n a r  ( o r  n e a r ly  so ) e ro s io n  s u r fa c e s  occu r in  th e  a r e a .  The 

r e g io n a l  s ig n i f i c a n c e  o f  th e s e  s u r fa c e s  i s  d e a l t  w ith  in  C hapter

P e tro c h e m is try  i s  d is c u s s e d  in  C hap ter 6 . U n ti l  th e n , i t  s u f f ic e s  

to  say  t h a t  th ro u g h o u t th e  h i s to r y  o f th e  a r e a ,  c o n t r a s t in g  magmas 

have been a v a i la b l e  f o r  e ru p t io n ,  c lo s e ly  a s s o c ia te d  in  space and tim e , 

O l iv in e - b a s a l t s  a r e  common a s  a re  th e  h ig h ly  d i f f e r e n t i a t e d  t r a c h y te s  

and p h o n o l i te s ,  b u t la v a s  o f  in te rm e d ia te  com position  a re  r a r e .

8 . P re v io u s  Work

The Kenya R i f t  V a lle y  was t r a v e r s e d  and e x p lo re d  by e a r ly  

e x p lo re r s  such  a s  T e le k i ,  Van Hohnel and Jo seph  Thompson.

J.W . G regory , i n  I 8 9 6 , c ro s se d  th e  Tugen H i l l s ,  so u th  o f  th e  

p r e s e n t  a r e a ,  and c o l le c te d  specim ens which were d e sc r ib e d  by P r io r  

( 1903 ) .  G regory ’ s o b se rv a tio n s  were l a t e r  p u b lish e d  ( 1921 ) i n



"The R i f t  V a lle y s  and Geology o f E as t A f r ic a " .

B a ile y  W i l l i s  (193^) d e s c r ib e s  th e  Kamasia Range and th e  K erio  

V a lle y , a s c r ib in g  an e ro s io n a l  o r ig in  to  th e  l a t t e r .

O ther w orkers have p a id  a t t e n t i o n  to  th e  Lake B aringo B asin , 

in v o lv in g  much d is c u s s io n  o f  th e  sed im en ts  to  th e  w est o f th e  l a k e .

F u r th e r  n o r th ,  G lenday & P ark in so n  (1926 & 192?) s tu d ie d  th e  

m etam orphic ro c k s  and la v a s  n o r th e a s t  o f th e  p re s e n t a r e a .

Champion (1937) made many o b se rv a tio n s  on th e  geology o f  T urkana. 

The ro c k s  he c o l le c t e d  were d e sc r ib e d  by C am pbell-Sm ith (193Ô)*

Fuchs ( 1939 ) su g g e s te d  t h a t  th e  i n i t i a t i o n  o f th e  K erio  v a l le y  d a te s  

back to  ItLocene t im e s , and n o te d  th a t  i t  may have been ponded up by 

la v a s  a t  one tim e .

D ixey (1948) d is c u s s e d  th e  geology and e ro s io n  s u r fa c e s  o f 

T u rkana .

The L opero t a r e a ,  n o r th  o f  th e  p re s e n t a r e a ,  was mapped by 

J o u b e r t  ( I 9 6 6 ) .  He r e c o rd s  ign eo u s a c t i v i t y  in  th e  Turkana G r i t s .

R hem tu lla  (1970) d e s c r ib e s  th e  L o riyu  P la te a u ,  n o r th e a s t  o f 

th e  p re s e n t  a r e a ,  and g iv e s  ev idence  fo r  i t s  b e in g  a f a u l t e d  b lo c k .

He b r i e f l y  m en tions v o lc a n ic s  f u r th e r  so u th , which r e l a t e  to  and p ass  

in t o  th o s e  i n  th e  p re s e n t  a r e a .

The o n ly  p re v io u s  work i n  th e  p re s e n t a re a  i s  by Mason & Gibson 

( 1937 ) ,  who c a r r i e d  ou t a  re c o n n a is sa n c e  su rvey  o f th e  ground w est o f 

T i a t i .  M cCall (u n p u b lish e d  pap er) exam ined S i l a l i ,  and b r i e f l y  r e f e r s  

to  th e  Ribkwo H i l l s .

9 . C u rre n t Work

The E a s t A fr ic a n  G eo lo g ic a l R esearch  U n it, under th e  d i r e c to r s h ip  

o f  P ro fe s s o r  B .C. K ing, i s  c u r r e n t ly  in v e s t ig a t in g  a  la rg e  a re a  i n  th e  

r i f t  v a l l e y .  F ig .  1 . N orthw ard e x te n s io n  o f t h i s  a r e a  h as  had to  bo 

h a l t e d  because  o f  b a n d it  a c t i v i t y -

G eo p h y sica l in v e s t ig a t io n s  have been c a r r i e d  out in  th e  r i f t  

v a l l e y  by a  team  from Birmingham and L e ic e s te r  U n iv e r s i t ie s ,  but 

r e s u l t s  a re  no t y e t  a v a i l a b l e .



CHAPTER 2

STRATIGRAPHY AND GEOLOGICAL HISTORY



PART I t  THE IÆTAMORPHIC BASEI4ENT

T h is  h a s  o n ly  r e c e iv e d  c u rso ry  a t t e n t i o n  in  th e  p re s e n t  s tu d y .

I t  form s p a r t  o f  th e  Mozambique e ro g en ic  b e l t  o f  e a s te rn  A fr ic a  in  

w hich th e  dom inant s t r u c t u r e s  were de term ined  by an orogeny d a te d  a t  

5 OO-6OO m il l io n  y e a r s .

!& o ic ro p s  i n  a  ro u g h ly  n o r th - s o u th  s t r i p ,  4 to  ^ m ile s  (6-J to  8 km, ) 

w ide, betw een th e  T i a t i  H i l l s  and th e  K erio  r i v e r ,  F ig .  4 . Most 

abundant a re  b i o t i t e  g n e is s e s  (5/ 35 2 )* in  which th e  e s s e n t i a l  m in e ra ls  

a r e  q u a r tz ,  o l ig o c la s e ,  r a ic ro c lin e , b i o t i t e  and m uscovite  in  t h a t  

o r d e r .  H ornblende g n e is s e s  a l s o  o ccu r, to g e th e r  w ith  o c c a s io n a l 

h o rn b le n d e - r ic h  b an d s.

The g n e is s e s  a re  o f te n  g a r n e t i f e r o u s .  In  th e  h o rn b le n d e -g n e is s e s , 

th e  g a rn e ts  may have k e ly p h i t i c  rim s (5 /3 7 0 ) ,  P la te  IV,

The basem ent a p p e a rs  to  r e p re s e n t  a  m etased im en tary  assem blage. 

M arb les and pu re  q u a r t z i t e s  a re  a b s e n t,  bu t occur f u r th e r  to  th e  

w est (Mason and G ibson, o p .c i t . )  and to  th e  n o r th  ( J o u b e r t ,  o p .c i t . ) .  

The o r ig i n a l  sed im en ts  were p ro b ab ly  q u a r tz - r ic h  s i l t s t o n e s .

In  th e  C hep toko l R iv e r  a t  158462, t h i n  p tygm atic  q u a r tz o -  

f e ld s p a th ic  v e in s  o ccu r i n  th e  g n e is s e s ,  c o n n ec tin g  w ith  le u c o c r a t ic  

bands i n  th e  g n e is s ,  and c r o s s c u t t in g  th e  f o l i a t i o n  o f  th e  im m ediate ly  

a d ja c e n t  c o u n try  ro c k .  The v e in s  v a ry  from s h a rp ly  d e f in e d  to  

d i f f u s e  im p re g n a tio n s .

At 094491  i n  th e  N geleyo R iv e r , a  c r o s s - c u t t in g  d y k e - lik e  body 

ab o u t 10 f t .  (5  ni.) w ide was re c o rd e d . I t  i s  s c h is to s e ,  c o n s is t s  

a lm o st e n t i r e l y  o f  b i o t i t e  and h o rn b len d e , and i s  co n s id e re d  to  be a  

b a s ic  dyke in v o lv e d  i n  a  l a t e r  phase o f  d e fo rm a tio n .

E n t i r e ly  l a t e r  th a n  th e  d e fo rm a tio n  i s  a  phase o f p eg m atite  

i n t r u s i o n s .  These form i r r e g u l a r  c r o s s - c u t t i n g  b o d ie s  r a r e l y  more 

th a n  15  f t .  (5  m .) w ide, and c o n s is t  a lm ost e n t i r e l y  o f q u a r tz  and

See Appendix A, f o r  specim en l o c a l i t i e s .
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p e r t h i t i c  f e ld s p a r ,  to g e th e r  w ith  r a r e  m agnetite*  G raphic in te rg ro w th s  

o f  q u a r tz  and f e ld s p a r  were o c c a s io n a lly  seen*

At I 78A6 3 , th e r e  i s  an in t r u s io n  o f  q u a r tz  d io r i te *  The ro ck  has 

an  ig n e o u s  t e x tu r e  i n  th i n  s e c t io n ,  bu t i s  f o l i a t e d  in  th e  f i e l d  

( 5/ 389 ) .  I t  i s  composed o f  f e ld s p a r  (yO^) -  c a lc ic  o l ig o c la s e  to  

a n d e s in e ; p a le  g reen  d io p s id ic  a u g i te  (1 5 ^ ); q u a r tz  (iCÇo); a p a t i t e ,  

b i o t i t e  and m a g n e tite  (5% ).

S t r u c tu r e  in  th e  Basement

The s t r u c t u r e  i s  dom inated by th e  f o l i a t i o n  which d ip s  e a s ts o u th -  

e a s t  a t  a n g le s  u s u a l ly  l e s s  th a n  ^ 0 ° . Mason and Gibson ( o p * c i t . ,  p .28 ) 

s t a t e  t h a t  th e  f o l i a t i o n  i s  p a r a l l e l  to  th e  o r ig in a l  bedding and th a t  

f o ld in g  i s  i s o c l in a l*

The f o l i a t i o n  h as  i t s e l f  been in v o lv e d  in  open fo ld s  o f la rg e  

a m p litu d e . Minor s t r u c t u r e s ,  though p re s e n t ,  a re  r a r e .  No f a u l t in g  

was d e te c te d  i n  th e  basem ent.

The o ld e s t  ro c k s  o v e r ly in g  th e  basem ent a re  l e s s  th a n  30 m .y. 

o ld .  T here i s  th u s  a  m ajor uncon fo rm ity  above th e  basem ent, r e p re 

s e n t in g  a  tim e i n t e r v a l  o f  abou t 500 m.y* D uring t h i s  tim e , th e  

E a s t A fr ic a n  re g io n  was s u b je c te d  to  re p e a te d  u p l i f t  and e ro s io n . The 

l a t e r  c y c le s  o f  e ro s io n  were no t com plete , so t h a t  w hereas in  some 

p a r t s  o f  Kenya, th e  e a r l i e s t  v o lc a n ic s  were e ru p te d  on to  a  p e n e p la in , 

i n  o th e r  p a r t s  th e  s u b -v o lc a n ic  s u r fa c e  had  c o n s id e ra b le  r e l i e f .

PART 2: THE CAENOZQIC AND QUATERNjlRY ROCKS

In t r o d u c t io n

The C aenozoic and Q u a te rn a ry  fo rm a tio n s  in  th e  p re s e n t a re a  a re  

d iv id e d  by th e  basem ent o u tc ro p  in to  two d isc o n n e c te d  p a r ts*

West o f  th e  a rc h , th e  b a s a lts  o f  th e  K ap ch ere ra t Form ation  d ip  

w estw ards* E a s t o f  th e  a rc h ,  th e y  d ip  e a s tw a rd s . Very few b a s a l t  

dykes w ere found betw een th e  two p a r t s  o f  t h e i r  o u tc ro p .
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F u r th e r ,  th e  b a s a l t s  e a s t  o f th e  a rc h  a re  over 3^800 f t .  (1150 in,) 

t h i c k .  West o f  th e  a rc h , th e y  a re  abou t 1 ,500  f t .  (460 m.) th i c k .

F o r th e s e  two re a so n s  i t  i s  in f e r r e d  th a t  th e  sou rce  o f th e  

b a s a l t s  la y  e a s t  o f th e  a r c h .  The same re a so n in g  a p p l ie s  to  th e  

p h o n o li te s  o f  th e  Tugen H i l l s  Group.

The in fe re n c e  i s  that theK o lloa  and Tugen H i l l s  Groups were in v o lv ed  

in  t i l t i n g  to  th e  e a s t  by 8 °-1 0 °  w hile  w estw ards th e re  was a down- 

w arping  tow ards th e  p re s e n t  p o s i t io n  o f  th e  E lgeyo E scarpm ent. The 

basem ent a rc h  i s  th e  r e s u l t  o f  th e s e  opposing d i r e c t io n s  o f t i l t .

I t  may be n o te d  t h a t  a  s im i la r  p a t te r n  o f a rc h in g  i s  seen  in  th e  

Kamasia Range to  th e  so u th , i n  an u n in te r ru p te d  su c c e ss io n  o f 

v o lc a n ic s .

A. Caenozoic and Q u a te rn a ry  ro ck s  w est o f th e  a rch

At l e a s t  3 ,000  f t .  (920 m.) o f s t r a t a  a re  p r e s e n t ,  a lth o u g h  

in d iv id u a l  fo rm a tio n s  v a ry  c o n s id e ra b ly  in  th ic k n e s s .  The su c c e ss io n  

i s  summarized in  F ig ,  3»

A1. KOHLOA GROUP 

1 , Turkana G r i t s

These a re  p red o m in an tly  c o a rs e -g ra in e d  q u a r tz o - f e ld s p a th ie  

se d im e n ts . The youngest h o r iz o n s  a re  tu f f a c e o u s .  To th e  w est o f th e  

basem ent a rc h  th e y  ran g e  in  th ic k n e s s  from 0 f t .  i n  th e  so u th  to  

800 f t .  (230  m.) i n  th e  n o r th ,  t h e i r  maximum developm ent in  th e  

e n t i r e  a r e a .

The Turkana G r i t s  o u tc ro p  w idely  beyond th e  p re s e n t a r e a ,  n o ta b ly  

i n  South  and N orth  T urkana, bu t a ls o  on th e  e a s te rn  s id e  o f th e  r i f t  

v a l l e y .  They were a s c r ib e d  to  th e  J u r a s s i c  by Murray-Hughes (1935), 

th e  T r ia s  by Arambourg (1 9 3 5 ), and l a t e  M esozoic o r e a r ly  T e r t ia r y  

by Mason and G ibson ( o p .c i t . ) .  Fuchs ( o p .c i t . )  co n s id e re d  th a t  th e y
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were O ligo-M iocene in  age on f o s s i l  p la n t  and s t r u c t u r a l  ev id en ce . 

J o u b e r t  ( o p .c i t . )  con c lu d es  t h a t  th e y  a re  Lower Miocene in  ag e , s in c e  

a t  L opero t th e y  c o n ta in  D inothérium  h o b le y i.

Mason and G ibson ( o p .c i t . )  d is t in g u is h e d  between two sed im en tary  

fo rm a tio n s  i n  th e  a u th o r 's  a re a :  (a )  The Turkana G r i t s  o f w holly  p re -  

v o lc a n ic  age , and (b ) The T i a t i  G r i t s ,  o c c u rr in g  w ith in  th e  e a r ly  

v o lc a n ic s .  The p re s e n t  w r i te r  has  found t h e i r  mapping to  be in c o r r e c t ,  

and t h e i r  e s ta b lish m e n t o f th e s e  fo rm atio n s  d o u b tfu l .

In  th e  Chepkowagh R iv e r , b asem en t-b earin g  g ra v e ls  and pebble beds 

p ass  up in to  tu f fa c e o u s  g ra v e ls  and th e n  in to  t u f f s  w ith  bands o f 

basem ent p e b b le s . The a u th o r  has p la ced  th e  to p  o f  th e  Turkana G r i ts  

where th e  amount o f v o lc a n ic  m a te r ia l  exceeds th e  amount o f  basement 

m a te r ia l .

The Turkana G r i t s  r e s t  on a  w eathered  su r fa c e  o f basem ent. At 

093^91 th e  o ld  la n d  s u r fa c e  i s  exposed, f r e s h  g n e is s  p a s s in g  up in to  

a r o t t e d  w eathered  h o riz o n  abou t 4 f t .  (1 .3  m .) th ic k  b e fo re  th e  b a sa l 

beds ane en c o u n te re d . These a re  v e ry  c o a rs e , bu t p ass  r a p id ly  up 

in to  g ra v e ls  i n  which on ly  a  few p eb b les  exceed 4 cm. in  d ia m e te r .

The sed im en ts  a re  commonly composed o f w e ll-ro u n d ed  p eb b les  o f 

q u a r tz  and f e ld s p a r  d e r iv e d  from th e  basem ent (3 /3 3 1 , 3 /363)*  C halce

dony and c a l c i t e  a re  common m a tr ix  m in e ra ls .  D e t r i t a l  g ra in s  o f  g a rn e t, 

and fla lces  o f  b i o t i t e  and m uscovite  o ccu r, but a re  r a r e .

The f in e r - g r a in e d  ro c k s  sometimes show c u r re n t  bedding in d ic a t in g  

d e r iv a t io n  from th e  n o r th  and e a s t .  The a u th o r  i n f e r s  th a t  th e  Turkana 

G r i t s  were d e r iv e d  from th e  r i s i n g  w este rn  edge o f  th e  r i f t ,  bu t th a t  

th e r e  were a d d i t io n a l  so u rc e s  o f  m a te r ia l  w ith in  th e  re g io n  o f th e  

p re s e n t  r i f t  v a l l e y .  They were d e p o s ite d  in  a  su b s id in g  b a s in  a s  a 

c o a le sc e n c e  o f  piedm ont fa n s  and to r r e n t  bedded g r a v e l s .

F in e r -g r a in e d  d e p o s i ts  accum ulated  a t  th e  same tim e in  tem porary  

l a i te s .  T h in ly  bedded s i l t s t o n e s  were re c o rd e d  from an o u t l i e r  o f
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th e  Turkana G r i t s  a t  107493*

T here h as  been much d is c u s s io n  conce rn in g  th e  n a tu re  o f th e  sub- 

Miocene e ro s io n  su r fa c e  in  Kenya. In  th e  p re se n t a re a  i t  was a t  l e a s t  

u n d u la tin g , a s  in d ic a te d  by th e  v a r io u s  o u t l i e r s  o f Turkana G r i t s  

on to p  o f th e  basem ent a rc h . T h is  i s  d e a l t  w ith  i n  d e t a i l  f u r th e r  on.

2 . K apch erera t Form ation

T h is  o u tc ro p s  w idely  w est o f th e  a rc h , in  a  co n tin u o u s n o r th -  

n o r th e a s t  t r e n d in g  b e l t .  The low er p a r t  o f  th e  su c c e ss io n  c o n s is ts  o f 

la m in a te d  t u f f s ,  w h ile  th e  upper p a r t  i s  composed o f b a s a l t  la v a s .

The fo rm atio n  i s  1 ,8 0 0  f t .  (330 m.) th ic k  i n  th e  n o r th  o f  i t s  o u tc ro p , 

but i s  p ro b ab ly  l e s s  th a n  1 ,0 0 0  f t .  (300  m.) th ic k  in  th e  so u th .

The t u f f s  a re  w e ll  s o r te d  la m in a ted  rew orked p y r o c la s t i c s .  They 

v a ry  in  c o lo u r  from p u rp le  to  o ran g e , p in k , yellow  and w h ite , and 

range  from s i l t  to  sand  g ra d e . L arge c l a s t s  a re  r a r e  excep t fo r  pebbly  

la y e r s  n e a r  th e  b a se , where th e y  p ass  dov/n in to  th e  Turkana G r i t s .  In  

th e  extrem e so u th  o f  th e  a r e a ,  where th e  Turkana G r i t s  a re  a b se n t, 

th e r e  i s  a  c o a rs e ,  tu f f a c e o u s ,  g ra v e l ly  b a s a l  bed, abou t 6 f t .  ( 2 m .)  

th ic k  ( 3/ 3 3 3 ) « I t  c o n ta in s  abundant sm all p eb b les  o f  bo th  basement 

m a te r ia l  and a l t e r e d  la v a .  I t s  m a tr ix  i s  brow nish and fe r ru g in o u s .

D e r iv a t io n , o r  a t  l e a s t  rew ork ing , by c u r r e n ts  from th e  n o r th e a s t  

i s  in d ic a te d  by c u r re n t  bedding  a t  066433*

In  t h i n  s e c t io n ,  th e  t u f f s  show much peimeation o f th e  m a trix  by 

a  re d d is h  fe r ru g in o u s  m a te r ia l .  Lava fragm en ts  a re  alw ays a l t e r e d ,  

rendering the m afics  u n id e n t i f i a b le ,  and f e ld s p a r  on ly  i d e n t i f i a b l e  as 

su ch . C a lc i te  i s  common in  th e  m a tr ix , to g e th e r  w ith  secondary  

z e o l i t e s  (3 /3 3 3 )*  C ry s ta l  frag m en ts , commonly f e ld s p a r ,  a re  p re s e n t ,  

d e r iv e d  p o s s ib ly  from bo th  v o lc a n ic s  and basem ent. Q uartz  g r a in s ,  

a lm ost c e r t a in l y  from th e  basement a re  seen  i n  3 /3 6 8 , from n e a r th e
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base of the tuffs.

O verly in g  th e  t u f f s  a re  b a s a l t s ,  about 1 ,300  f t ,  (460 ra.) th ic k  

i n  th e  n o r th ,  bu t th in n in g  to  n o th in g  sou thw ards, where th e y  a re  l o c a l ly  

m is s in g . They d ip  8 °-1 2 °  to  th e  n o rth w e s t.

The b a s a l t s  o c c a s io n a lly  show ropy  s u r fa c e s ,  and a re  o f te n  ch a ra c 

t e r i z e d  by p la g io c la s e  p h e n o c ry s ts  up to  2^ cm. lo n g , sometimes in  

s u b - p a r a l l e l  a rran g em en t. The m a jo r ity  o f  th e  b a s a l t s  a re  o l iv in e -  

b e a r in g .  B a s a n ite s  a re  p re s e n t  ( 3/ 363 ) i n  which a n a l c i t e  o ccu rs  as  

an  i n t e r s t i t i a l  p rim ary  m in e ra l.

The b a s a l t s  o ccu r a s  t h in  co n tin u o u s  flo w s, p ro b ab ly  e ru p te d  

from f i s s u r e s .  T h is  i s  e s p e c ia l ly  t r u e  o f th e  con tin u o u s o u tc ro p  o f 

b a s a l t s  i n  th e  w es te rn  e x t r e m it ie s  o f th e  a r e a .  B a s a l t ic  agg lom era tes  

a t  077403  and 093389  i n d i c a te  t h a t  th e re  were a ls o  in d iv id u a l  e ru p tiv e  

c e n t r e s .

At Kei Pa So, 3OO f t .  (92 m.) o f  w e ll s o r te d  m assiv e ly  bedded

w h ite  o r c ream -co lo u red  san d s to n es  a re  i n t e r c a l a t e d  in  th e  b a s a l t s .

They c o n s is t  o f  q u a r tz  and f e ld s p a r  g ra in s  in  a  ch a lced o n ic  m a trix  

( 3/ 3 7 3 )» The sa n d s to n e s  th ic k e n  n o rth w ard s , presum ably tow ards t h e i r  

so u rc e , w hich i s  th o u g h t to  have been th e  f a u l t  b lock  west o f th e  

K ula F a u l t ,  F ig .  1 and F ig .  3 , now occup ied  by th e  h i l l s  M asol,

L a i te ru k  and K a ilo n g o l. I t  i s  in f e r r e d  th a t  movements on t h i s  f a u l t  

i n i t i a t e d  b o th  se d im e n ta tio n  and vo lcan ism  d u rin g  K apcherera t Forma

t i o n  tim e s , so t h a t  bo th  f a c ie s  i n t e r d i g i t a t e .

In  th e  so u th  o f  th e  a r e a ,  th e  b a s a l t s  were la r g e ly  removed by 

e ro s io n  b e fo re  th e  e ru p tio n  o f th e  S idekh P h o n o lite s ,  so th a t  th e  

b a s a l  t u f f s  o f  th e  l a t t e r  r e s t  on t u f f s  o f  th e  K apcherera t F orm ation .

On K w aisagat E a s t ,  60-70  f t .  ( l8 -2 1  m.) o f  b a s a l t s  a re  p re se n t below 

th e  b a s a l  t u f f s  o f  th e  S idekh P h o n o li te s ,  w hereas b a s a l t s  a re  ab sen t 

on K w aisagat W est.
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A2. THE TUGEN HILLS CROUP

le  The S idekh P h o n o lite s

T h is  fo rm a tio n  o u tc ro p s  i n  a  t h in  con tin u o u s s t r i p  n e a r  th e  K erio 

R iv e r , and d ip s  v ;estn o rth w est a t  F u r th e r  o u tc ro p s  occur on th e

so u th e rn  m argin o f th e  a r e a ,  and on th e  two K w aisagat h i l l s .  On 

K w aisagat W est, i t  re a c h e s  i t s  maximum th ic k n e s s  o f 200 f t .  ( 6 l  m .), 

F ig .  6 .

The low er t u f f  member and w elded t u f f  a re  m issing  on Kwaisagat 

E a s t ,  T h is  was p o s s ib ly  d e term ined  by th e  contem porary  topography .

I t  i s  i n f e r r e d  t h a t  th e  low er t u f f  and w elded t u f f  were e ru p te d  arour.d 

th e  base  o f a  r e s id u a l  b a s a l t  h i l l ,  and th a t  th e  e ru p tio n s  o f th e  

upper t u f f  member and p h o n o li te  covered  i t  co m p le te ly . The Sidekh 

P h o n o li te s  have a l s o  been in v o lv e d  in  an a n t i c l i n e  in  th e  im m ediate 

v i c i n i t y ,  F ig ,  7 ,

In  sq u a re s  0639 and 0740, th e  low er t u f f  member i s  l e s s  th a n  

23  f t .  ( 7^  m.) t h i c k ,  and in  sq u are  O3 3 8 , th e  low er t u f f  and welded 

t u f f  a re  a b s e n t .  B eneath C h eb o lo ty o lo t and Kasowan, th e  upper t u f f  

member r e s t s  d i r e c t l y  on t u f f s  o f th e  K ap cherera t F o rm ation .

These v a r i a t io n s  in  th ic k n e s s  and d i s t r i b u t io n  may be o r ig in a l ,  

o r due to  contem poraneous e ro s io n , o r b o th .

Both th e  upper and low er t u f f  members a re  p in k  in  c o lo u r, mas

s iv e ly  bedded, and i n t e r n a l l y  s t r u c t u r e l e s s  (3 /3 3 6 ) .  They c o n s is t  

o f  l i t h i c  and pumice l a p i l l i  in  a  l i t h i f i e d ,  tu f fa c e o u s ,  f in e -g ra in e d  

m a tr ix .  B io t i t e  f la k e s  a re  n e a r ly  alw ays p r e s e n t ,  to g e th e r  w ith  

frag m en ts  o f  s a n id in e .  A l te r a t io n  i s  u b iq u i to u s ,  cau s in g  much secon

dary  z e o l i t i s a t i o n  and p erm eation  o f th e  m a tr ix  by d issem in a ted  

fe r ru g in o u s  m a te r ia l .

The w elded t u f f  i s  n o t more th a n  20 f t .  (6  m.) th i c k .  I t  i s  

d a rk  g re e n ish  brown to  k h ak i in  c o lo u r , flow  banded, v e ry  compact and 

h a rd .  I t  c o n ta in s  abundant l i t h i c  l a p i l l i ,  and b i o t i t e ,  n e p h e lin e ,
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and f e ld s p a r  a re  i d e n t i f i a b l e  in  hand specim en.

Near th e  K erio , i t  form s an i l l - d e f i n e d  f e a tu re  t r e n d in g  n o r th -  

n o r th e a s t ,  bu t i s  w e ll exposed in  each la rg e  s tream  s e c t io n .  I t  i s  

w elded th ro u g h o u t i t s  v e r t i c a l  e x te n t .  Specimen 5 /3^6  shows f la t t e n e d  

sh a rd s  w ith  fra y e d  ends.

The p h o n o li te  i s  b la c k  w ith  a g re e n ish  t in g e ,  f in e -g ra in e d ,  com

p a c t ,  and h as  an alm ost f l i n t y  f e e l  and f r a c t u r e .  F re sh ly  broken 

s u r fa c e s  may have a  waxy l u s t r e .  In  hand specim en, b i o t i t e  and 

n e p h e lin e  ^are v i s i b l e .  The l a t t e r  i s  a l t e r e d  to  f ib ro u s  z e o l i t e s  in  

3/ 3^8 . S a n id in e , b i o t i t e  and p a le  g reen  d io p s id ic  a u g i te  p h en o cry s ts  

a r e  a ls o  p r e s e n t .  In  a l l  specim ens, th e re  i s  much r e c r y s t a l l i s a t i o n  

i n  th e  groundm ass.

A3, IN T R U S IO N S  OF UNCERTAIN AGE

Two sm a ll o u tc ro p s  o f o l iv in e  p h y ric  b a s a l t  occu r, in  sq u ares  

0440 and 0343, specim ens 5 /349  and 5 /301  r e s p e c t iv e ly .  T h e ir in t r u s iv e  

r e l a t i o n s h ip ,  how ever, i s  o n ly  in f e r r e d .  A lthough th e y  a re  u n lik e  

any o f  th e  b a s a l t s  i n  th e  K ap ch erera t Form ation  west o f th e  a rc h , th e y  

a re  v e ry  s im i la r  to  b a s a l t s  low in  th e  K ap cherera t Form ation e a s t  o f 

i t o  They may th u s  be o u t l i e r s  o f la v a  flow s e ru p te d  s im u ltan e o u sly  

w ith  th e  t u f f s ,  bu t th e  f i e l d  r e la t io n s h ip s  do no t fav o u r t h i s  i n t e r 

p r e t a t i o n .

They in t r u d e  t u f f s  o f  th e  K apcherera t Form ation , bu t t h e i r  upper 

age l i m i t  i s  unknovm®

In  sq u are  O3 3 9 , th e r e  i s  a  c i r c u l a r  p lug  o f  c o a rs e ly  p o rp h y r i t ic  

n e p h e lin e  m ic ro s y e n ite ,  1 ,500  f t .  (460 ra.) in  d ia m e te r . I t  c u ts  th e  

upper t u f f  member o f th e  S idekh  P h o n o lite s ,  and alm ost c e r t a in ly  

c u ts  th e  p h o n o li te s  bu t t h i s  i s  n o t p roven . Specimen 5 /3^6  i s  des

c r ib e d  i n  C hap ter 5»
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D uring and a f t e r  th e  d e p o s it io n  and e ru p tio n  o f th e  sed im en ts and 

v o lc a n ic s  o f th e  K o lloa  and Tugen H i l l s  G roups, th e  a re a  w est o f th e  

a rc h  was t i l t e d  tow ards th e  w es t. F a u l t in g  o ccu rred  on a  n o r th n o r th -  

e a s t  to  n o r th e a s t  t r e n d .

S u b seq u en tly  th e  a re a  was su b je c te d  to  a  lo n g -c o n tin u e d  p e r io d  

o f e ro s io n ,  re d u c in g  th e  a re a  between T i a t i  and th e  Elgeyo Escarpm ent 

to  a  m atu re , a lm ost f l a t  p la in ,  r e f e r r e d  to  su b se q u en tly  a s  th e  K erio 

S u r fa c e . R e s id u a l h i l l s  such a s  Pukaleh and Kei Pa So p ro je c t  above 

i t ,  McClenaghan (Ph.D . t h e s i s  in  p re p a ra t io n )  r e p o r ts  th a t  t h i s  su rfa c e  

t r u n c a te s  th e  N gorora b eds, which a re  8 to  9 m .y. o ld .  I t  i s  more 

f u l l y  d e sc r ib e d  in  C hap ter 3»

A4. THE CHEPKOWAGH MUGEARITE

There a re  two o u tc ro p s  o f  t h i s ,  2 ,000  f t ,  (6lO  m .) a p a r t  on th e  

n o r th  bank o f  th e  Chepkowagh R iv e r . The l a r g e r  o f th e  two g iv e s  r i s e  

to  a  f la t - to p p e d  f e a tu r e ,  r i s i n g  about 30  f t . (9 m .) above th e  le v e l  

o f  tn e  su rro u n d in g  p l a in s .  The s m a lle r  o u tc ro p  (3 /3 ^ 0 ) i s  o f id e n t i c a l  

l i t h o lo g y ,  nam ely a  p la g io c la s e -p h y r ic  m u g e a rite , in  which th e  pheno

c r y s t s  a re  in  p a r a l l e l  a lig n m en t, and th e  groundmass i s  p a le  g re y is h .

The o u tc ro p  in  th e  Chepkowagh R iv e r i s  in t e r p r e te d  a s  a  la rg e  

dyke from which la v a  was e ru p te d  on to  th e  K erio  S u rfa c e , th e  la r g e r  

o u tc ro p  b e ing  a  rem nant o f  t h i s .  N e ith e r  th e  o r ig in a l  e x te n t no r th e  

th ic k n e s s  a re  known, s in c e  th e  base i s  no t exposed .

S in ce  e ru p tio n  o f  th e  m u g e a rite , re ju v e n a tio n  h as  caused  some 

s l i g h t  in c i s io n  o f  th e  K erio  S u rfa c e . At C hep toko l, th e re  i s  a k n ic k  

p o in t  30  f t .  (9  m .) h ig h , P la te  V. Between th e  ro ad  and th e  K erio , 

t e r r a c e s  a re  developed  a long  th e  m ajor r i v e r s .  F ig .  8 shows th e  

i n t e r - r e l a t i o n s h i p  o f  th e  t e r r a c e s ,  th e  Chepkowagh M ugearite , and 

th e  K erio  S u rfa c e .



PLATEY Knickpoint a t  159462, C heptokol River.
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FIG.8 Relations of Chepkowagh Mugearite to  Kerio Surface.
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B. Caenozoic and Q u ate rn a ry  Rocks on Top o f  th e  Arch

The Turkana G r i t s  and bo th  t u f f s  and la v a s  o f th e  K apcherera t 

F o rm ation  a re  p re s e n t  a s  s c a t t e r e d  o u t l i e r s  o v e rly in g  basem ent.

The T urkana G r i t s  occur a s  o u t l i e r s  in  sq u ares  09^9 and 1049, 

where th e y  a re  re p re s e n te d  by q u a r tz o fe ld s p a th ie  g ra v e ls ,  w ith  s i l t 

s to n e s  i n  sq u are  1049, see  p . 1 2 .  They o u tc ro p  a t  134439, where 

3 f t .  ( l  m.) o f  c o a rse  g ra v e ls  w ith  cobb les  o f basement m a te r ia l  under

l i e  t u f f s  o f th e  K ap ch erera t F o rm ation . In  square  1343, th e re  i s  a 

r e s t r i c t e d  o u t l i e r  o f  tu f fa c e o u s  g r i t s .

These sm a ll o u t l i e r s  se rv e  to  in d ic a te  t h a t  th e  su rfa c e  on which 

th e  e a r ly  v o lc a n ic s  and sed im en ts  accum ulated  was u n d u la tin g , and 

n o t p la n a r .

B a s a l ts  o f  th e  K ap ch ere ra t Form ation  o u tc ro p  in  a b e l t  o f  o u t l i e r s  

betw een P ukaleh  and S in g e le l ,  and th e r e  i s  a  sm all c l u s t e r  o f o u t l i e r s  

around  170440, In  each o u t l i e r ,  th e  b a s a l t s  r e s t  d i r e c t l y  on basement 

g n e is s e s ,  w ith o u t any in te rv e n in g  sed im en ts  or t u f f s .  These b a s a l t s  

a re  m ain ly  a u g i te - p h y r ic ,

At P u k a leh , th e  su b -v o lc a n ic  s u r fa c e  i s  a t  a  h e ig h t o f c .3 ,7 3 0  f t?

0 .D . and r i s e s  to  abou t 3 ,8 0 0  f t .  O.D. n e a r S in g e le l .  The same su rfa c e  

o ccu rs  a t  a  h e ig h t o f  c . 3 ,4 0 0  f t .  O.D. a t  134439 and in  square  1049,

1 . e .  abou t 330 f t .  lo w e r. From th e se  d a ta  i t  i s  re a so n a b le  to  in f e r  

t h a t  th e  su b -v o lc a n ic  s u r fa c e  on to p  o f  th e  p re se n t a rc h  was marked 

by a r id g e  tr e n d in g  ro u g h ly  w e s ts o u th w e s t-e a s tn o r th e a s t , F ig ,  9*

The Turkana G r i t s  and t u f f s  o f th e  K apcherera t Form ation  accum ulated  

in  h o llo w s on th e  low er g round . L a te r ,  b a s a l t s  were e ru p te d  from 

so u rc e s  e a s t  o f  th e  p re s e n t  a rc h .  At I 723OO, th e re  i s  a  dyke o f a u g i te  

p h y r ic  b a s a l t s  w hich p ro b ab ly  a c te d  a s  a  so u rce  fo r  some o f th e  lo c a l  

l a v a s .  The b a s a l t s  flow ed over th e  to p  o f  th e  r id g e ,  bu t t h e i r  

e x te n t  n o r th  and so u th  o f i t  i s  unknown.
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G. Caenozoic Rocks E as t o f  th e  Arch

In tro d u c t io n

F ig ,  10 i l l u s t r a t e s  th e  r e l a t io n s h ip s  between th e  su c c e ss io n s  

w est o f ,  on to p  o f ,  and e a s t  o f  th e  basement a rc h .

The whole su c c e s s io n  e a s t  o f  th e  a rc h  i s  about 11,000  f t ,

(3 ,4 0 0  m.) t h i c k .  The e a r l i e s t  a c t i v i t y  o ccu rred  in  m iddle Miocene 

tim e s  a s s o c ia te d  w ith  an a c t iv e  zone which r e p re s e n ts  th e  northw ard  

c o n t in u a t io n  o f th e  Saimo and K ito  P ass f a u l t  sy stem s. T h is a c t iv e  

zone su b se q u e n tly  developed  in to  a  downwarp r e f e r r e d  to  a s  th e  T i a t i  

M onocline•

L a te r  v o lc a n ic  a c t i v i t y  o ccu rred  a long  n o r th n o r th e a s t  tre n d in g  

b e l t s ,  which a re  s i t u a t e d  p r o g re s s iv e ly  eas tw ard s  o f one a n o th e r . In  

t h i s  m anner, th e  youngest v o lc a n ic s  occur a d ja c e n t to  th e  a x i a l  zone 

o f  th e  r i f t ,  and a re  o v e r la in  on ly  by th e  M iddle to  Upper P le is to c e n e  

v o lc a n ic s  o f  th e  a x i a l  zone c e n t r a l  v o lc a n o e s .

These b e l t s  a re  rem arkab ly  co n tin u o u s  in  a n o r th -s o u th  se n se ,

0 1 . THE KOLLOA GROUP

1 , Turkana G r i t s

These a re  p re s e n t  up to  400 f t ,  (120 m.) th ic k ,  in  two w idely  

s e p a ra te d  s tream  s e c t io n s .  E lsew here , K ap cherera t Form ation  b a s a l t s  

r e s t  d i r e c t l y  on basem ent g n e is s e s .

They a re  re p re s e n te d  by c o a rse  q u a r tz o fe ld s p a th ic  g ra v e ls  w ith  

a  p u rp le  tu f fa c e o u s  m a tr ix , and f in e r - g r a in e d  sa n d s to n e s , and a re  

g e n e r a l ly  w e ll  s t r a t i f i e d  and w e ll s o r te d .

The th i c k e s t  exposure i s  in  th e  Kapunyan E iv e r ,  square  l8 4 0 , 

where 400 f t .  (1 2 0  m.) o f  g ra v e ls  a re  exposed, d ip p in g  n o r th e a s t  a t  

up to  2 1 ° . To th e  so u th , th e y  a r e  cu t ou t by a f a u l t ,  and a re  

p ro b ab ly  o v e rs te p p e d  by b a s a l t s  o f th e  K apcherera t F o rm ation , Near
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t h i s  o u tc ro p , i n  sq u a re  l 6 4 l ,  th e re  a re  two sm all o u t l i e r s  o f Turkana 

G r i t s  c o n s is t in g  o f  c o a rse  cong lom erates in  a  p u rp le  tu f fa c e o u s  m a trix , 

and r e s t i n g  on a  more o r l e s s  l e v e l  r o t t e d  s u rfa c e  o f g n e is s .  These

were a lm ost c e r t a in l y  co n tin u o u s  w ith  th e  main o u tc ro p  in  th e  Kapunyan

R iv e r .

The sub-T urkana G r i t  s u r fa c e  in  t h i s  l o c a l i t y  i s  shown in  

F ig .  11 .

At th e  two o u t l i e r s ,  th e  sub-T urkana G r i t  s u r fa c e , in f e r r e d  to  

be o f  M iocene ag e , i s  a lm ost c o in c id e n t w ith  th e  K erio  S u rfa c e .

The Turkana G r i t s  a re  no t exposed so u th  o f t h i s  but a re  r e p re 

se n te d  by 3~10 f t .  (l-J-3  m.) o f tu f fa c e o u s  sandstone  in  M cClenaghan's 

a r e a ,  o n ly  a m ile  so u th  o f  1°13 'N , which th a t  a u th o r a s s ig n s  to  th e  

K ap ch ere ra t F o rm ation  (McClenaghan, o p . c i t . ) .

J u s t  o u ts id e  th e  p re s e n t  a r e a ,  th e re  i s  a  f u r th e r  o u tc ro p  o f th e

Turkana G r i t s  i n  th e  C h e p k ir ia l  R iv e r in  square  3^1 8 . They a re  

p ro b ab ly  l e s s  th a n  30  f t .  (9  m.) th ic k ,  but th e  s e c tio n  shows base

ment p a s s in g  th ro u g h  a  w eathered  zone in to  tu f fa c e o u s  san d sto n es  and 

g r a v e l s .  The l a s t  named c o n ta in  p eb b les  o f b lu is h -b la c k  b a s a l t ,  so 

t h a t  b a s a l t s  must have been e ru p te d  b e fo re  o r d u rin g  th e  d e p o s it io n  

o f th e  g r i t s c  In  t h i s  s e c t io n ,  th e  Turkana G r i t s  pass r a p id ly  up in to  

m assive p u rp le  t u f f s  o f th e  K ap ch erera t F o rm ation , which a re  th en  

o v e r la in  by b a s a l t s .

In  t h i s  a r e a ,  th e  Turkana G r i t s  a re  co n fin ed  to  lo c a l  d e p re s s io n s « 

T h e ir  p re s e n t  a l t i t u d e  i s  dependent no t on ly  on subsequen t e a r th  

movements, b u t a l s o  th e  o r ig i n a l  to pog raphy .

I t  i s  i n f e r r e d  th a t  th e  o u tc ro p s  in  th e  Kapunyan and C h e p k ir ia l 

R iv e rs  a re  r e l a t e d  to  th e  p re sen ce  o f th e  basement r id g e ,  p . l 8 .

2 . K ap ch ere ra t Form ation

T h is  i s  a t  l e a s t  3 ,8 0 0  f t .  (1130 m.) th ic k ,  re a c h in g  a  maximum
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a t  abou t 1°17’N. I t  i s  composed alm ost e n t i r e ly  o f b a s a l t  la v a s ,  

p y r o c la s t ic s  and o th e r  la v a s  occupying on ly  a sm all p ro p o r tio n  o f 

th e  t o t a l  volum e.

I t  r e s t s  on a  basem ent s u r fa c e  which i s  u n d u la tin g  bu t no t o f 

g r e a t  r e l i e f .  At 177438, th e  b a s a l  la v a  assumes th e  o r ig in a l  s u r fa c e , 

d ip p in g  e a s t  a t  30° ,  th e  s te e p e s t  re c o rd e d  d ip  fo r  th e  s u b -b a s a lt  

s u r f a c e .  Around S in g e le l ,  th e  b a s a l t s  r e s t  on a  g e n tly  d ip p in g  base

ment s u r f a c e ,  becoming h o r iz o n ta l  w estw ards.

The main o u tc ro p  o f  th e  b a s a l t s  e a s t  o f th e  a rch  i s  composed o f 

r e g u la r  flow s which p ro b ab ly  e ru p te d  from f i s s u r e s  and in d iv id u a l  

v o lc a n ic  c e n t r e s ,  now re p re s e n te d  by sp o ra d ic  o u tc ro p s  o f agg lom erates  

and p y r o c la s t i c s .

I t  i s  d i f f i c u l t  to  d e r iv e  a  3-d im en s io n a l model o f  th e  s u b -b a s a lt  

s u r f a c e ,  s in c e  i t  o u tc ro p s  in  a  f a i r l y  s t r a i g h t  n o r th -s o u th  l i n e .  That 

i t  h a s  some r e l i e f  i s  in d ic a te d  around 177438, where F ig .  12 i s  a  

r e p r e s e n ta t iv e  c r o s s - s e c t io n .  At t h i s  l o c a l i t y ,  th e  b a s a l la v a  i s  a 

b u f f  c o lo u re d  a p h y ric  t r a c h y te  (3/ 3 80 ) ,  in  which th e  f i s s i l i t y  i s  

p a r a l l e l  to  th e  upper and low er s u r fa c e s  o f th e  flow . Between t h i s  

l o c a l i t y  and th e  C heptokol R iv e r , th e  f i s s i l i t y  becomes v e r t i c a l ,  and 

may be a s s o c ia te d  w ith  a  f i s s u r e  o r s im i la r  so u rc e . T h is  t r a c h y te  i s  

o v e r la in  i n  tu r n  by a p h y ric  and a u g i te -p h y r ic  la v a s ,  which a ls o  occur 

a s  o u t l i e r s  im m ed ia te ly  to  th e  w est, and a re  though t to  have been 

o r i g i n a l l y  co n n ec ted  w ith  th e  main o u tc ro p s  a s  in d ic a te d  in  F ig .  12.

The t r a c h y te  m entioned above a ls o  o u tc ro p s  in  th e  Kapunyan R iver 

o v e r ly in g  th e  Turkana G r i t s ,  where i t s  f i s s i l i t y  d ip s  so u th eas tw ard s  

a t  19° ,  a lth o u g h  t h i s  may no t be th e  a t t i t u d e  o f th e  upper and low er 

s u r fa c e s  o f th e  flo w .

The Turkana G r i t s  and th e  b a s a l  t r a c h y te  a re  bo th  o v ers tepped  

by th e  b a s a l t s ,  and in  tu r n  some o f  th e  o ld e r  b a s a l t s  a re  o v ers tepped  

by younger f lo w s .
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P e tro g ra p h ic a l ly ,  th e  K apcherera t Form ation  b a s a l t s  e x h ib i t  a 

ran g e  o f t e x tu r e  and m inera logy , see  F ig , 13 . R e p re se n ta tiv e  specim ens 

a re  d e s c r ib e d  in  C hapter 3* There i s  a  range from b a s a n ite s  and o l iv in e

b a s a l t s  to  t r a c h y te s  and m u g e a rite s . The two l a s t  named te n d  to  occur

n e a re r  th e  base o f th e  fo rm atio n  th a n  th e  to p . South o f  th e  C heptokol

R iv e r , th e  p la g io c la s e -p h y r ic  b a s a l t s  may occur anywhere in  th e  suc

c e s s io n , w hereas n o r th  o f  i t  th e y  a re  s tro n g ly  c o n c e n tra te d  a t  th e  

to p  o f th e  s u c c e s s io n .

South  o f th e  Kapunyan R iv e r , th e  K apcherera t Form ation i s  a f f e c te d  

by th e  K erio  s u r fa c e ,  and exposu res a re  r e s t r i c t e d  to  s tream  s e c t io n s .

In  square  I 8 3 8 , uneven ly  d ip p in g  t u f f s  a re  p rom inen t. S im ila r  pyro

c l a s t i c s  a ls o  occur in  th e  C heptokol R iv e r , and a g a in  in  th e  C h e p k ir ia l 

R iv e r , above th e  Turkana G r i t s ,  where th e  su c c e ss io n  i s  shown in  

F ig .  l4o

N orth o f th e  M eriigun R iv e r , th e  low er p a r t  o f th e  su c c e ss io n  i s  

composed m ainly o f b lu is h -b la c k  ap h y ric  b a s a l t s ,  o v e r la in  by o l iv in e -  

a u g i te -p h y r ic  b a s a l t s ,  a lth o u g h  th e re  i s  u s u a l ly  some i n t e r d i g i t a t i o n  

between th e  tw o. P la g io c la s e  p h e n o c ry s ts  occur s p o ra d ic a l ly  i n  t h i s  

p a r t  o f th e  su c c e ss io n , bu t in c re a s e  g r e a t ly  in  number in  th e  upper 

p a r t  o f th e  su c c e s s io n , where a u g i te  and o l iv in e  p h en o cry s ts  a re  r a r e r .

The o u t l i e r s  on basem ent, n e a re s t  to  S in g e le l ,  a re  o f  ap h y ric  

b a s a l t ,  w h ile  th o s e  f u r th e r  west a re  o l iv in e - a u g i te - p h y r ic . I t  i s  

in f e r r e d  th e n  t h a t  th e s e  were e ru p te d  i n  th e  same o rd e r as  th e  la v a s  

o f th e  main o u tc ro p , and th a t  th e  o l iv in e -a u g i te -p h y r ic  la v a s  flow ed 

w estw ards, o v e rla p p in g  th e  s l i g h t l y  o ld e r  a p h y ric  b a s a l t s .  F ig , 13.

E xtend ing  t h i s  in fe re n c e  f u r th e r  w estw ards, i t  i s  p ro b ab le  th a t  

th e  b a s a l t s  w est o f th e  basem ent a rc h  a re  s t r a t i g r a p h ic a l ly  e q u iv a le n t 

to  th e  l i t h o l o g i c a l l y  s im i la r  p la g io c la s e -p h y r ic  b a s a l t s  in  th e  upper 

p a r t  o f  th e  F orm ation  e a s t  o f th e  a rc h , though th e y  may n o t have been 

d i r e c t l y  co n n ec ted .
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A lte r a t io n  i s  common th roughou t th e  F orm ation , and a f f e c t s  each 

ty p e  o f  la v a .  A l te ra t io n  i s  p a r t i c u l a r ly  advanced where th e  b a s a l t s  

a re  o v e r la in  by th e  Tugen H i l l s  Group, and i t  seems t h a t  th e re  was a 

p e r io d  o f  e ro s io n  and w ea th e rin g  b e fo re  i t s  e ru p tio n . Mafic m in e ra ls  

a re  o f te n  a l t e r e d  to  brow nish o r b lack  d issem in a ted  fe rru g in o u s  

m a te r ia l .  O liv in e  i s  a lm ost alw ays undergo ing  a l t e r a t i o n  to  b o w lin g ite  

o r b la c k  i r o n  o re  a lo n g  f r a c t u r e s .  Z e o l i te s  a re  common, w ith  r a d ia t in g  

h a b i t  i n  v e s ic l e s ,  o r a s  f i b r e s  o b l i t e r a t in g  groundmass f e ld s p a r ,  

p a r t i c u l a r l y  i n  th e  more s i l i c a - r i c h  v a r i e t i e s .

The v o lc a n ic  ep iso d e  re s p o n s ib le  f o r  th e  accum ula tion  o f th e  

K apch erera t Form ation  ended b e fo re  th e  e ru p tio n  o f th e  e a r l i e s t  la v a s  

o f th e  Tugen H i l l s  Group. The waning s ta g e s  o f a c t i v i t y  a re  r e p re 

se n te d  by v e in s  o f  f lu o r s p a r  which occur n o r th  and e a s t  o f S in g e le l ,  

i n  th e  M eriigun R iv e r , and a ls o  in  th e  extrem e so u th  o f  th e  a re a , in  

square I 6 3 8 . The f lu o r s p a r  i s  u s u a lly  p a le  b u ff  in  c o lo u r, to  g re e n ish , 

b lu is h ,  o r r a r e l y  c o lo u r le s s .  The v e in s ,  which a re  g e n e ra l ly  ram ify in g  

w ith  r i f f u s e  m arg ins , c u t th e  basement and th e  K apcherera t Form ation , 

bu t no t th e  Tugen H i l l s  Group,

The c e s s a t io n  o f v o lc a n ic  a c t i v i t y  was fo llov /ed  by a  p e r io d  o f 

e ro s io n , and p o s s ib ly  f a u l t i n g .  The c o n ta c t between K apcherera t 

Form ation  and Tugen H i l l s  Group from 210420 to  214440 i s  alm ost a  

s t r a i g h t  l i n e  on th e  map, a lth o u g h  i t  co v ers  c o n s id e ra b le  r e l i e f .  I t  

ap p ea rs  to  be an e a s t - f a c in g  f a u l t  sc a rp  a g a in s t  which was e ru p te d  

th e  Tugen H i l l s  G roup. T h is  i s  a ls o  t r a c e a b le  n o r th  o f  th e  C heptokol 

R iv e r , though i t  i s  n o t such a  d i s t i n c t  f e a tu r e .

3 . Karu R iv e r  B a s a l ts

E a s t o f th e  main w ate rsh ed , th e re  i s  a  f a u l t  c o n t ro l le d  i n l i e r  

in  which 9OO f t ,  ( 2?0  m ,) o f  eastw ard  d ip p in g  o l iv in e  b a s a l t s  a re  

exposed . They a re  o v e r la in  by th e  Tugen H i l l s  Group, and a re  s e p a ra te d  

from i t  by a  deep ly  w eathered  s u r fa c e .
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The b a s a l t s  i n  th e  f i e l d  a re  b lu is h -b la c k  in  c o lo u r , and do no t 

have prom inent p h en o c ry s ts  (5 /2 3 2 ) .  B a s a l t ic  b o u ld e r beds occur 

s p o ra d ic a l ly  i n  th e  la v a s .

The base  o f  th e  fo rm atio n  i s  no t seen , and so t h e i r  c o r r e la t io n

w ith  th e  K apch ere ra t Form ation i s  on ly  t e n t a t i v e .

0 2 . TdE TÜGEN HILLS GROUP

T his  i s  a  4 ,000  f t .  (1200 m.) th ic k  sequence dom inated by tra c h y te ; 

p h o n o li te s  and a s s o c ia te d  p y r o c l a s t i c s . The Group o u tc ro p s  a long  th e  

h i l l s  o f  th e  main w ate rsh ed  a s  f a r  n o r th  a s  1^24 'N, where i t  i s  con

c e a le d  by th e  T ir io k o  B a s a l ts .  F u r th e r  norbh , i t  i s  ag a in  exposed 

in  th e  Kewarr H o rs t ,

The o rd e r  o f fo rm a tio n s  w ith in  th e  Group i s  summarized in  

F ig . l 6 .

1 . The T iriom im  V o lcan ic s

T h is  fo rm a tio n  i s  th e  lo w est o f  th e  Tugen H i l l s  Group e a s t  o f 

th e  w a te rsh ed . I t  r e s t s  n e a r ly  everyw here on an eroded  and w eathered  

s u r fa c e  o f  b a s a l t s  o f th e  K ap ch erera t F o rm ation . The S in g e le l  t r a c h y te s  

o v e rs te p  b a s a l t  to  r e s t  d i r e c t l y  on basem ent, in  squ are  1 931 •

I t  v a r ie s  g r e a t ly  in  th ic k n e s s ,  from about 200 f t .  (63  m.) a t  

S in g e le l ,  to  3 ,0 0 0  f t . (910 m.) and p o s s ib ly  more in  th e  extrem e 

so u th  o f  th e  a r e a .  I t  i s  composed m ain ly  o f 3 co a le sc e d  s h ie ld  v o l

canoes, bu t a ls o  com prises s e v e ra l  o u t l i e r s  m ainly  o f t r a c h y te .

The 3 s h ie ld  v o lcan o es  a re  Chepachaghom, K ap a re rr , and th e  

S ig a tg a t  H i l l  Complex, Only p a r t s  o f  th e  second and t h i r d  occur in  

th e  p re s e n t  a r e a .  K ap a re rr  c o n tin u e s  in to  th e  mapping a re a  to  th e  

n o r th ,  and S ig a tg a t  H i l l  to  th e  so u th , see  F ig . I 7 .

(a )  Chepachaghom V olcano

T h is  i s  a  t r a c h y te  v o lcano  ro u g h ly  c i r c u l a r  in  p la n , and about
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2-  ̂ m ile s  (4 km.) i n  d ia m e te r . Some 800-1 ,000 f t .  (240-300 m.) o f 

la v a s  a re  p r e s e n t . The main v en t ap p ea rs  to  have been lo c a te d  around 

207477 , where m assive agg lo m era tes  a re  exposed in  th e  M eriigun R iv e r .

The ag g lo m era tes  a re  composed o f an g u la r  fragm en ts o f tr a c h y te  up to  

3 cm. a c ro s s ,  i n  a  comminuted groundmass o f  th e  same m a te r ia l .  The 

whole assem blage h as  been b leach ed  and a l t e r e d .

O v erly in g  th e  ag g lo m era tes  a re  th ic k  flow s o f p o rp h y r i t ic  t r a c h y te ,  

such a s  5 /4 0 1 , from th e  h i l l  Chepachaghom, which i s  a n o r th o c la s e -  

p h y r ic . S im ila r  t r a c h y te s  occur \  m ile  w est o f Chepachaghom. E as t o f 

Chepachaghom, th e  ag g lo m era tes  p ass  up in to  a l t e r n a t in g  t r a c h y te  la v a s  

and a g g lo m era te s , which may in  f a c t  be b lo ck  la v a s .  In  square  2347, 

t r a c h y te s  and p h o n o li te s  i n t e r d i g i t a t e ,  and i t  i s  n o t c le a r  w hether 

th e  p h o n o li te s  a re  a s s ig n a b le  to  th e  Chepachaghom v o lcan o , o r to  a 

younger e ru p t iv e  c e n t r e .

T here i s  c e r t a in l y  i n t e r d i g i t a t i o n  between th e  la v a s  and t u f f s  

o f th e  S ig a tg a t  H i l l  Complex, and th o se  o f Chepachaghom. In  square  

2 l4 6 , Chepachaghom ag g lo m era tes  p ass  bo th  upwards and l a t e r a l l y  in to  

a  t r a c h y te / tu f f /p h o n o l i t e  sequence which th ic k e n s  r a p id ly  sou thw ards.

T rach y te  dykes c u t th e  Chepachaghom v o lcan o , a s  do two p la g io c la s e -  

p h y ric  b a s a l t  dykes p e t r o lo g ic a l ly  s im i la r  to  th o se  which cu t la v a s  

o f  th e  K ap ch erera t F o rm atio n . No b a s a l t s  o f t h i s  ty p e  occur e i th e r  

in  o r on to p  o f  th e  Chepachaghom v o lcan o .

O ther in t r u s i v e  b o d ie s  c u t t in g  th e  Chepachaghom volcano a re  

d e sc r ib e d  in  C hap ter 5»

(b ) K ap are rr Volcano

Only th e  so u th e rn  f la n k s  o f t h i s  vo lcano  a re  re p re s e n te d  in  th e  

p re s e n t  a r e a .  They a re  composed p r in c ip a l ly  o f p h o n o li te s  and t u f f s .

The p h o n o li te s  a r e  t y p i c a l l y  b la ck  w ith  a  g re e n ish  t in g e ,  f in e -g ra in e d ,  

w ith  a  f l i n t y  t e x tu r e  and r a th e r  waxy l u s t r e .  They show flow  banding
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which i s  o c c a s io n a lly  c o n to r te d . B io t i t e  and n e p h e lin e  p h en o cry s ts  

a r e  o f te n  v i s i b l e  in  hand specim ens. The flow  banding i s  seen  in  th in  

s e c t io n  to  be caused  by th e  a l t e r n a t io n  o f m eso cra tic  and le u c o c ra t ic  

l a y e r s .  The m e so c ra tic  l a y e r s  a re  composed p r in c ip a l ly  o f a e g i r in e ,  

a l k a l i  f e ld s p a r  and an a lc im e , w h ile  th e  le u c o c ra t ic  la y e r s  a re  

ex trem ely  r i c h  in  analcim e (5 /4 3 3  and 5 /4 3 7 )•

The lo w est exposed member o f th e  K aparerr vo lcano i s  a  f i s s i l e  

s p a r s e ly  f e ld s p a rp h y r ic  t r a c h y te .

The t u f f s  a re  w h ite  to  cream , o c c a s io n a lly  p u rp l is h ,  g e n e ra lly  

f in e - g r a in e d  to  m edium -grained, and a re  sometimes c lo s e ly  la m in a ted . 

Pumice l a p i l l i  and a g g lo m era tic  t u f f s  a re  a ls o  common. At 231494 

x e n o l i th s  o f  b a s a l t  a r e  abundan t, w h ile  a t  245497, th e  t u f f s  c o n ta in  

x e n o l i th s  o f e a r l i e r  t u f f .

A f i s s i l e  a p h y ric  t r a c h y te  (5 /4 4 4 ) o v e r l i e s  th e  p h o n o lite  on 

K ip tugun . I t  c o n s is t s  w ho lly  o f a  s u b ta x i t i c  p lex u s o f  s a n id in e  l a th s  

and i n t e r s t i t i a l  a e g i r in e .  No q u a r tz -b e a r in g  la v a s  were found in  

t h i s  vo lcan o .

Southv/ards, th e  K ap are rr V o lcan ics  i n t e r d i g i t a t e  w ith  th e  

S ig a tg a t  H i l l  Complex. The sequence benea th  th e  Kokomaa Form ation 

in  sq u are  2246 i s  composed o f a l t e r n a t in g  p h o n o li te s  and th in  t u f f s  

and l a p i l l i  t u f f s .  L o c a lly , th e y  d ip  up to  30° eas tw ard s .

A l te r a t io n  h as  n o t g r e a t ly  a f f e c te d  th e  la v a s  o f th e  K aparerr 

v o lc a n o . The t u f f s  on th e  o th e r  hand a re  alw ays a l t e r e d  to  some 

d e g re e , re n d e r in g  them r a th e r  tu r b id  and i r r e s o lv a b le  in  th in  s e c t io n .

(c )  S ig a tg a t  H i l l  Complex

T h is  i s  a  la r g e  p h o n o l i t ic  v o lcan o , th e  c e n t r a l  complex o f which 

o ccu rs  i n  McClenaghan*s a re a  ( o p .c i t . ) .  The n o r th e rn  f la n k s  ex tend  

in to  th e  p re s e n t a r e a ,  be ing  about 3 /0 0 0  f t .  (910  m.) th ic k  a t  

1 ° 1 5 'N , and th in n in g  n o rthw ards to  l e s s  th a n  1 ,000  f t .  (305 ) a t
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abou t 1 °2 0 ’N, where th e y  i n t e r d i g i t a t e  w ith  th e  K aparerr volcano.

The l i t h o lo g i e s  a re  v e ry  s im i la r  to  th o se  o f K ap are rr , but th e  

la v a s  a re  u s u a l ly  more e x te n s iv e ly  a l t e r e d .

The p h o n o li te s  a re  g re e n ish -b la c k  when f r e s h ,  very  f in e -g ra in e d  

and show flow  banding  which i s  f r e q u e n t ly  c o n to r te d . In  th e  f r e s h  

c o n d i t io n ,  n e p h e lin e  p h en o c ry s ts  may be reco g n ized , to g e th e r  w ith  

s a n id in e  and sp a rse  b i o t i t e  f l a k e s .  The p h o n o li te s  a re  commonly 

w eathe red  to  a  w h itish  o r cream c o lo u re d  rock  in  which th e  flow  

banding  i s  s t i l l  d i s t i n c t .  In  such ro c k s , th e  n ep h e lin e  p h en o cry sts  

a re  r e p la c e d  by f ib ro u s  n a t r o l i t e .

Such w ea th e rin g  may ex ten d  on ly  p a r t l y  in to  a  flow , o r i t  may 

a f f e c t  many te n s  o f f e e t  o f p h o n o li te ,  so th a t  whole flow s a re  

reduced  to  w h it is h  m a te r ia l .  Examples o f t h i s  occur a t  237393, where 

th e r e  i s  a  w a te r f a l l  80  f t .  (24 m.) h ig h , developed on w eathered  

p h o n o l i te .  M assive w eathered  p h o n o li te s  a ls o  occur a t  229429, and 

i n  th e  C heptokol v a l le y ,  between 223443 and 238433 where th ey  g ive  

r i s e  to  narrow  go rg es  marked by f re q u e n t r a p id s .

F i s s i l e ,  f e ld s p a rp h y r ic  t r a c h y te s  (3 /4 0 8 ) a re  p re se n t a s  th in  

flo w s, bu t do n o t c o n t r ib u te  g r e a t ly  to  th e  t o t a l  volum e.

P y r o c la s t ic s  make up abou t one t h i r d  to  one h a l f  o f  th e  t o t a l  

volume o f e r u p t iv e s .  They a re  m ainly  f in e -g ra in e d  t u f f s ,  many o f 

which a re  p a r t l y  w elded ( 3 /4 l4 ) ,  e s p e c ia l ly  n e a r  th e  base o f th e  

Complex, L i th ic  l a p i l l i  t u f f s  a re  a ls o  p re s e n t ,  bu t pumice l a p i l l i  

a r e  n o t common in  th e  n o r th e rn  f la n k s  o f th e  S ig a tg a t  H i l l  Complex. 

The t u f f s  ran g e  i n  c o lo u r  from w h ite  to  p u rp le  and p a le  g re e n is h .

T hin  t r a c h y te  and p h o n o li te  dykes i n t e r s e c t  th e  t u f f s  and 

la v a s  (3 /4 0 4 ) o

In  th e  p re s e n t  a r e a ,  th e  S ig a tg a t  H i l l  Complex r e s t s  on an 

eroded  s u r fa c e  o f th e  K ap ch erera t F o rm ation . Between 1^13*N and 

1°17 'N , t h i s  i s  v e ry  b ad ly  exposed where i t  has been a f f e c te d  by th e
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K erio  S u rfa c e , N orth  o f th e  Kapunyan R iv e r, th e  c o n ta c t i s  seen  to  

be n e a r ly  v e r t i c a l  in  p la c e s .  As fo r  th e  Chepachaghom c e n tre ,  i t  i s  

i n f e r r e d  t h a t  th e  la v a s  were e ru p te d  a g a in s t  an eroded f a u l t  s c a rp .

In  p a r t ,  though , th e y  have flow ed eastw ards over th e  f a u l t  s c a rp . 

At C hepcholongi, sq u are  2 l4 4 , th e  e a r l i e s t  la v a s  d ip  eastw ards a t  40 ° . 

Even when th e  eastw ard  t i l t i n g  o f  10° a s s o c ia te d  w ith  th e  T i a t i  Mono

c l in e ,  p . 11 , i s  r e v e rs e d , th e  b a s a l  la v a s  must o r ig in a l ly  have dipped 

ea s tw ard s  a t  3 0 ° . T h e re fo re  th e y  must have flow ed down th e  b a s a l t  

s c a rp , and n o t a g a in s t  i t .  These e a r l i e s t  la v a s  a re  m assive b u ff  

c o lo u re d  a l t e r e d  p h o n o li te s  and a re  o v e r la in  by th ic k  b la ck  f l i n t y  

p h o n o l i te s .  These a re  in  tu r n  o v e r la in  by an o th e r  s e r ie s  o f a l t e r e d  

p h o n o li te s ,  which o u tc ro p  i n  th e  C heptokol R iv e r  between 223443 and 

238433 , and in  w hich d ip s  bo th  e a s t  and w est o f up to  20° a re  reco rd ed , 

F u r th e r ,  an agg lom era te  form ing a  f e a tu r e  a t  222449 d ip s  eastw ards 

a t  2 2 ° .

I t  i s  p ro b ab le  th e n  th a t  some o f  th e  n o r th e rn  f la n k  d e p o s its  of 

th e  S ig a tg a t  H i l l  Complex were d e riv e d  no t on ly  from th e  c e n t r a l  ven t 

com plex, bu t from s m a lle r  p e r ip h e ra l  c e n t r e s .

R eferen ce  h a s  a lre a d y  been made to  th e  a l t e r a t i o n  in  th e  la v a s .  

The a l t e r a t i o n  i s  g r e a t e s t  in  th e  extrem e so u th  o f th e  a re a , i t s  

e f f e c t s  d im in ish in g  s t e a d i ly  n o rth w ard s . At l ° l8 'N ,  th e  p h o n o li te s  

r e t a i n  t h e i r  b la c k  c o lo u r .  At l ° l6 'N ,  p h o n o li te s  o c c u rr in g  w ith in  

th e  L elg rong  T u ffs  a re  n o t a l t e r e d .  I t  i s  p o s s ib le  th e n  th a t  th e  

a l t e r a t i o n  to o k  p la c e  b e fo re  th e  e ru p tio n  o f th e  L elgrong T u ffs , and 

th a t  i t  i s  a s s o c ia te d  w ith  em anations o f v o l a t i l e s  from th e  main ven t 

com plex. The p u rp le  c o lo ra t io n  in  th e  t u f f s  i s  though t to  be o f a  

s im i la r  o r ig in .

Some o f  th e  t u f f s  in  th e  K aparerr V olcano, p a r t i c u l a r ly  th o se  

n e a r th e  b ase , a re  th e  same p u rp le  c o lo u r .  The p h o n o li te s ,  however.
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a re  n o t a s  a l t e r e d  a s  th o se  o f th e  S ig a tg a t H i l l  Complex, and i t  i s  

p o s s ib le  t h a t  th e  a l t e r a t i o n  i s  caused  s o le ly  by c i r c u la t in g  ground

w a te r ,

(d ) T rac h y te  o u t l i e r s

These in c lu d e  th e  o u t l i e r s  a t  S in g e le l ;  a  sm all o u t l i e r  a t  

184444; and an o u t l i e r  a t  192470,

The S in g e le l  t r a c h y te s  c o n s is t  o f two flo w s, each about 50 f t .

(15  m .) t h i c k .  The low er o f th e  two i s  th e  more e x te n s iv e , and d ip s  

a t  abou t 10° n o r th n o r th e a s t . In  th e  C h e p k ir ia l  R iv e r , i t  i s  an 

a g g lo m e ra tic  a u to b re c c ia .  In  s e v e ra l  p la c e s ,  th e  low er flow  u n it  

o v e rs te p s  b a s a l t s  o f th e  K ap ch erera t Form ation  to  r e s t  d i r e c t ly  on 

basem en t. I t  i s  a  s p a r s e ly  f e ld s p a r -p h y r ic  t r a c h y te  (5 /4 2 3 ) . The 

o r ig i n a l  m afic s  a re  a l t e r e d  to  fe r ru g in o u s  m a te r ia l ,  and th e  fe ld s p a r  

i s  undergo ing  a l t e r a t i o n  to  m inute f i b r e s  o f z e o l i t e  ( ? ) .  Q uartz 

i s  p re s e n t  a s  i n t e r s t i t i a l  an h ed ra , p robab ly  secondary .

The upper flow  u n i t  i s  c o n fin e d  in  e x te n t to  S in g e le l  i t s e l f ,  

and d ip s  n o r th n o r th e a s t  a t  about 30°» I t  was no t examined in  th in  

s e c t io n  bu t i s  i d e n t i c a l  i n  hand specim en to  th e  low er flow  u n i t .

The sm a ll o u t l i e r  a t  184444 i s  a  p h o n o li t ic  t r a c h y te  (5 /3 S l) ,  in  

which p h e n o c ry s ts  o f n e p h e lin e  (? )  pseudomorphed by a  brow nish secon

dary  a g g re g a te  occu r i n  a  s u b ta x i t i c  groundmass composed m ainly o f 

s a n id in e  and a e g i r in e .

The o u t l i e r  a t  192470 i s  a  t r a c h y te  flow  abou t 50  f t .  (15 m .) 

th ic k  ( 5/ 59 1 ) .  I t  i s  n o t f i s s i l e ,  and w eathers  out a s  rounded b o u ld e rs , 

In  th i n  s e c t io n  i t  i s  seen  to  be r a th e r  c o a rs e -g ra in e d , and a p h y r ic .

I t  i s  ex trem ely  le u c o c r a t i c ,  c o n s is t in g  alm ost w holly  o f a l k a l i  f e ld 

sp a r  l a t h s .  Some o f th e s e  show f in e  la m e lla r  tw inn ing  and may be 

c lo se  to  a n o r th o c la s e .
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The p re sen ce  o f t r a c h y te  dykes o c c u rrin g  between th e  o u t l i e r s  and 

th e  main o u tc ro p  o f  th e  Tiriom im  V o lcan ics  in d ic a te s  th a t  th e  l a t t e r  

were fo rm erly  co n tin u o u s  a c ro s s  th e  p re s e n t o u tc ro p  o f th e  K apcherera t 

F orm ation  e a s t  o f th e  a rc h .

The Kewarr H orst i s  a f a u l t  bounded i n l i e r  in  th e  n o r th  o f th e  

a r e a .  In  i t ,  p h o n o li te s ,  t u f f s  and f e ld s p a th o id a l  t r a c h y te s  a re  ex

posed . These a re  l i t h o l o g i c a l l y  s im i la r  to  ro ck s  o f th e  Tiriomim 

V o lcan ics  and a r e  c o n s id e re d  to  be l a t e r a l l y  e q u iv a le n t .  I t s  s t r u c 

t u r a l  s ig n if ic a n c e  i s  c o n s id e re d  in  C hap ter 3 .

2 . The Kapkaru Lavas

These c o n s is t  o f  a t  l e a s t  1 ,300  f t .  (460 m.) o f p h o n o li t ic  la v a s  

and s u b o rd in a te  p y r o c la s t i c s .  They o u tc ro p  in  a  n o r th e a s t-so u th w e s t 

tr e n d in g  b e l t  abou t 3 m ile s  (3 km.) i n  le n g th  and r a r e l y  more th a n  

1 m ile  (1 ,6  km.) w ide, between th e  main w atershed  and G hepkoi.

In  th e  sou thw est o f t h e i r  o u tc ro p , th e y  o v e r l ie  th e  w eathered 

s u r fa c e  developed  on th e  Karu R iv e r B a s a l ts ,  d ip p in g  eastw ards a t  

about 1 0 ° , They c o n s is t  m ainly  o f g re y ish  la v a s ,  o c c a s io n a lly  f i s s i l e ,  

v i s i b l y  c r y s t a l l i n e  in  hand specim en, and s p a r s e ly  f e ld s p a r - p h y r ic . 

Thin s e c t io n s  r e v e a l  th e  p re sen ce  o f  z e o l i t i z e d  p h en o cry s ts  o f 

n e p h e lin e  a n d /o r  s o d a l i t e ,  w ith  w e ll developed coronae o f  a e g ir in e  and 

r e d d is h  brown p le o c h ro ic  am phibole ( 3 /2 2 6 ) .

A gglom erates a re  o c c a s io n a lly  in te rb e d d e d  w ith  th e  la v a s  (5 /2 2 7 ) , 

in  w hich frag m en ts  o f  f in e - g r a in e d  flow  banded t r a c h y t ic  la v a  up to  

3 i n s .  lo n g  occur in  an a l t e r e d  tu f fa c e o u s  m a tr ix . Pumice l a p i l l i  a re  

a ls o  p r e s e n t .

In  th e  h i l l  Kapkaru, squ are  3 l4 0 , th e re  i s  a c o n s id e ra b le  th ic k 

n e s s  o f pumice l a p i l l i  t u f f s  w ith in  th e  Kapkaru Lavas, but t h i s  i s  

th e  on ly  n o ta b le  developm ent o f p y r o c la s t i c s .

The mode o f  e ru p tio n  o f  th e  Kapkaru Lavas i s  no t known. No v e n ts
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were found, bu t th e r e  a re  a  few t r a c h y t ic  dykes a t  332402 and about 

Y m ile  upstream  in  th e  Karu R iv e r .

T here ap p ea rs  to  have been some e ro s io n  o f th e  Kapkaru Lavas b e fo re  

th e  e ru p tio n  o f  th e  L elg rong  T u ffs  which o v e r l ie  them. In  th e  Karu 

R iv e r , a t  about 307393, ' t h e  L elgrong T u ffs  o v e rs te p  Kapkaru Lavas on 

to  Karu R iv e r B a s a l ts .  There i s  f u r th e r  ev idence a t  3I239& and 322413, 

where th e  L elg rong  T u ffs  d ip  w estw ards a t  3 ° -1 0 °  o f f  an e a r l i e r  topo

graphy developed  on th e  Kapkaru L avas.

The base  o f  th e  L elg rong  T u ffs  and th e  unconfo rm ity  below i t  a re  

d e a l t  w ith  in  th e  s e c t io n  on th e  L elgrong  T u ffs , p . 32 .

3 . The Kokomaa Form ation

T h is  Form ation  i s  abou t 100 f t .  (30 m.) th i c k ,  and o f very  

l im i te d  d i s t r i b u t i o n .  I t  o ccu rs  in  square  2246, on th e  w estern  s lo p e s  

o f  Kokomaa, and a t  231442, The su c c e ss io n  a t  Kokomaa i s  shown in  

F ig .  18 .

The b a s a l  member r e s t s  on a tu f f /p h o n o l i t e  su c c e ss io n  o f Tiriomim 

V o lc a n ic s . I t  i s  a  n o n -p o rp h y r it ic  o l i v i n e - b a s a l t , b la c k , f in e -g ra in e d  

and n o n -v e s ic u la r  in  hand specim en. In  th in  s e c t io n  3 /4 1 7 , i t  i s  seen 

to  be a  s u b -o p h it ic  a n a l c i t e - b a s a n i t e ,  r a th e r  c o a rs e -g ra in e d , w ith  

abou t 3%-lP^ o f i n t e r s t i t i a l  a n a l c i t e .  The o v e rly in g  t u f f s  a re  p u rp lis h  

to  p a le  v i o l e t  i n  c o lo u r , f in e -g ra in e d ,  w e ll la m in a ted  and f a i r l y  com

p a c t .  The whole assem blage d ip s  eastw ard s  a t  l 8° ,  and i s  o v e r la in  by 

th e  L elg rong  T u ffs ,  which in  th e  Cheporon R iv e r d i r e c t l y  o v e r l ie  

T iriom im  V o lcan ic s , F ig .  l 8 model I .

I t  i s  c o n s id e re d  p o s s ib le  th a t  th e  Kokomaa Form ation  i s  l a t e r a l l y  

e q u iv a le n t to  th e  Saimo Form ation  i n  M artyn’s a re a  (M artyn 1969, p .2 3 ) , 

and to  th e  Noroyan Form ation  i n  Chapman’s  a re a  (Chapman, Ph.D. th e s i s  

in  p r e p a r a t io n ) .  T h is  i s  shown in  F ig .  23, where com parison i s  a lso  

made w ith  th e  su c c e s s io n  on th e  Elgeyo E scarpm ent,
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Chapman (p e rs o n a l com munication) su g g es ts  t h a t  th e  la v a  member 

i s  i n  f a c t  a  te s c h e n i te  s i l l ,  and compares specim en 3/^ 17  w ith  s p e c i

mens o f dykes from th e  Noroyan F o rm ation . The p u rp le  t u f f s  above i t  

a re  th e n  no t b a s a l t i c  t u f f s ,  but t u f f s  o f th e  Tiriom im  V olcan ics 

re n d e re d  p u rp le  by m etasom atism  a s s o c ia te d  w ith  th e  in t r u s io n  o f th e  

s i l l ,  F ig ,  18 model I I ,

4 . The L elg rong  T u ffs

T h is  i s  th e  most e x te n s iv e  fo rm atio n  in  th e  Tugen H i l l s  Group, 

b eing  over 3 ,C00  f t ,  ( 9 IO m ,) th ic k ,  and co v erin g  about 20  sq a re  

m ile s  (32  sq .k m ,) ,  I t  i s  composed m ainly o f  p y r o c la s t ic s ,  in c lu d in g  

r e g u la r ly  s t r a t i f i e d  pumice l a p i l l i  t u f f s ,  f in e r  g ra in e d  t u f f s  w ith  

l i t h i c  l a p i l l i ,  and la m in a ted  ash  b ed s . A gglom erates a re  uncommon, 

a s  a re  welded t u f f s .

The fo rm atio n  o v e r l i e s  th e  Tiriom im  V o lcan ics  in  th e  w est, and 

th e  Kapkaru Lavas and Karu R iv e r B a s a l ts  in  th e  e a s t .  The n a tu re  of 

th e  u ncon fo rm ity  below i t s  base in  th e  e a s t  has  a lre a d y  been d isc u sse d ,

P- 3 1 .

I t s  base w est o f th e  main w atershed  i s  a l i t t l e  more com plex.

In  th e  extrem e so u th  o f th e  a re a ,  th e re  i s  no b reak  between th e  

S ig a tg a t  H i l l  Complex and th e  L elgrong  T u ffs , and p h o n o li te s  a re  

p re s e n t  i n  b o th . The base o f th e  l a t t e r  fo rm atio n  i s  more o r  l e s s  

a r b i t r a r y ,  bu t i s  pu t below th e  f i r s t  ag g lo m era tes . At t h i s  l e v e l  

a l s o ,  pumice l a p i l l i  t u f f s ,  s c a rc e  i n  th e  n o r th e rn  f la n k  o f th e  S ig a t

g a t H i l l  Complex, become ab u ndan t.

N orth  o f 1 °1 7 'N, th e  d i s t i n c t i o n  between L elgrong  T u ffs  and 

Tiriom im  V o lcan ics  i s  c l e a r e r ,  s in c e  th e re  a re  no p h o n o li te s  in  th e  

fo rm er. The b a s a l  d e p o s its  o f th e  L elgrong  T u ffs  te n d  to  be agglome

r a t i c ,  and d ip  g e n e ra l ly  eastw ard s  a t  up to  23° ,  bu t u s u a lly  l e s s  

th a n  10° ,
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N orth  o f l ° l 8 *N, th e  L elgrong T u ffs  r e s t  on v a ry in g  members o f 

th e  T iriom im  V o lcan ics  and th e  Kokomaa F orm ation , th e  b a s a l  d e p o s its  

o c c a s io n a lly  banked a t  up to  40° a g a in s t  o ld e r  v o lc a n ic s ,  e .g .  a t

2 4 l4 ? l  and 238468.

The fo rm atio n  i s  composed m ainly o f  t u f f s  and pumice l a p i l l i  

t u f f s ,  bu t c o a rs e r  l i t h o lo g i e s  a re  p r e s e n t .  C oarse ag g lo m era tes , w ith  

b o u ld e rs  o f a l t e r e d  la v a  up to  2 f t .  ( .6  m.) a c ro s s  form conspicuous 

f e a tu r e s  w est and so u th  o f  T i a t i ,  bu t a re  no t found e a s t  o f th e  main 

w a te rsh ed .

At 246460, th ic k  w elded t u f f s  form a  w a te r f a l l  30 f t .  h ig h , and 

a t  242462, th e r e  i s  a  v io l e t  t u f f  c o n ta in in g  b locks  o f welded t u f f  o f 

th e  same c o lo u r .

In  th e  bu lk  o f  th e  t u f f s ,  pumice and l i t h i c  l a p i l l i  a re  abundant.. 

The l i t h i c  l a p i l l i  a re  m ainly  o f g re e n ish  and g re y ish  la v a , o f te n  

p a r t l y  a l t e r e d  (3 /2 3 4 A ). L i th ic  l a p i l l i  o f n e p h e l in e -s y e n i te  a re  

a ls o  common (3 /2 3 4 B ). Pumice i s  alw ays a l t e r e d  and com ple te ly  d e v i t-  

r i f i e a .  In  th e  f i n e r  g ra in e d  l i t h o l o g i e s ,  f in e  s c a le  g rad in g  i s  some

tim es  p re s e n t  (3, ^ 3 0 ) ,  which may in d ic a te  th e  e x is te n c e  o f tem porary  

la k e s .  G rading h a s , however, been reco rd ed  in  w holly  s u b - a e r ia l  t u f f s  

(Dawson,1962, p . 3 3 4 ) . Thin paper s h a le s  occur a t  319320, in te rb e d d e d  

in  t u f f s .  In  th in  s e c t io n ,  th e  f in e r  g ra in e d  l i t h o lo g i e s  a re  seen  to  

be composed o f v e ry  f in e -g ra in e d  r a th e r  tu r b id  u n id e n t i f i a b le  m a te r ia l .  

Sm all a n g u la r  fragm en ts  o f f e ld s p a r  a re  p r e s e n t ,  but no diatom s were 

found in  any o f  th e  specim ens exam ined.

R ain  drop l a p i l l i  were found a t  s c a t t e r e d  l o c a l i t i e s ,  3/236 a t

233470 .

E a s t o f  C heptu im et, a  f i s s i l e  t r a c h y te  la v a  flow  i s  i n t e r c a l a te d  

in  th e  t u f f s .  T h is  h as  flow ed sou thw ards, te rm in a tin g  a t  286469* A part 

from numerous sm a ll i n t r u s i v e s ,  no o th e r  la v a s  occur w ith in  th e  L elgrong 

T u ffs .
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The fo rm a tio n  a s  a  whole d ip s  eastw ard s  a t  up to  22° e a s t  o f th e  

main w a te rsh ed , bu t a t  g e n e ra l ly  low er a n g le s  w est o f i t ,  where d ip s  

to  th e  w est and n o r th  a re  a ls o  re c o rd e d . I t  i s  in f e r r e d  th a t  th e  

L elg rong  T u ffs  had numerous so u rc e s , a lth o u g h  an e a s t-w e s t s e c t io n  

te n d s  to  assume th e  form o f a  la rg e  t i l t e d  s h ie ld - l ik e  cone, see

F ig .  19 .

The g r e a t e s t  th ic k n e s s  c o in c id e s  w ith  th e  to p o g rap h ic  low in  th e  

T iriom im  V o lc a n ic s , betw een th e  K aparerr Volcano and th e  S ig a tg a t 

K i l l  Complex, Southw ards and n o rth w ard s, th e  L elgrong T u ffs  a re  

th in n e r .  In  sq u are  263O, th e  T ir io k o  B a s a l ts  o v e rs te p  L elgrong T u ffs  

on to  T iriom im  V o lc a n ic s . They re a p p e a r , however, and a re  s t i l l  

p re s e n t b enea th  T ir io k o  B a s a l ts  n o r th  o f th e  p re se n t a re a .

Numerous dykes i n t e r s e c t  th e  L elg rong  T u ffs , in c lu d in g  p h o n o li t ic  

and t r a c h y t i c  dykes w est o f th e  main w ate rsh ed , and t r a c h y t ic  and 

b a s a l t i c  dykes e a s t  o f i t .

West o f th e  w a te rsh ed , th e r e  i s  a  w e ll marked c o n c e n tra tio n  o f 

t r a c h y t i c  dykes in  and around squ are  2346, ex ten d in g  in  a n o r th n o r th -  

easb tre n d in g  b e l t  3 m ile s  (3  km,) lo n g . They a re  u s u a lly  no t very  

f i s s i l e ,  bu t have prom inent f e ld s p a r  p h e n o c ry s ts . Specimen 3 /433 con

t a in s  abundant sm a ll p seu d c n e p h e lin e s . Two th ic k  dykes o f non- 

p o rp h y r i t ic  le u c o c r a t i c  t r a c h y te  occur in  squ are  2343.

O ther dykes a re  d e sc r ib e d  in  C hap ter 3*

The summit o f T i a t i  i s  a  tra c h y p h o n o li te  p lu g , re c o g n iz e a b le  from 

many m ile s  away. The m argins a re  f in e -g ra in e d  and have a crude sh e e t 

jo i n t in g  p a r a l l e l  to  th e  w a l l s .  Specimen 3 /136 shows s o d a l i te  

m ic ro p h e n o c ry s ts .

The H i l l  K elan (sq u a re  2 y 4 l)  i s  a  sm a ll in t r u s iv e  com plex. I t  

c o n s is ts  o f a  c e n t r a l  neck o f f i s s i l e  p h o n o li t ic  t r a c h y te  (3 /237) 

which has been b r e c c ia te d  to  an agg lom erate  by upward stream in g  g a se s .
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The w a lls  o f  th e  p ip e  a re  i r r e g u l a r ,  and th e re  a re  apophyses o f  both  

t r a c h y te  and b re c c ia te d  co u n try  ro c k . The agg lom era tes  c o n ta in  

x e n o l i th s  o f c o u n try  ro ck  such a s  o l i v i n e - b a s a l t .

E as t o f  th e  main w a te rsh ed , numerous b a s a l t i c  dykes cu t th e  

L elgrong T u ffs  and Karaeiyun V o lc a n ic s . These a re  in f e r r e d  to  be 

fe e d e rs  fo r  th e  o v e r ly in g  T ir io k o  B a s a l ts ,  and w i l l  be co n sid e red  

in  t h a t  s e c t io n ,

5 . The Kameiyun V o lcan ics

T h is  fo rm a tio n  i s  a t  l e a s t  500  f t ,  ( I 5 O m,) th i c k ,  and i s  com

posed o f tr a c h y p h o n o li te s  and p y r o c la s t ic s ,  in c lu d in g  welded t u f f s .

I t  o u tc ro p s  in  a  ro u g h ly  n o r th - s o u th  b e l t  8 m ile s  (13  km,) long  and 

r a r e l y  more th a n  1 m ile  (1 ,6  km,) w ide. The o u tc ro p  i s  con tinuous as 

f a r  n o r th  a s  1° 2 0 'N , bu t n o r th  o f t h i s  i s  co n fin ed  to  a  s e r i e s  of 

i n l i e r s ,  where i t s  base  i s  n ev e r exposed .

South o f 1 ^ 2 0 'N, i t  r e s t s  m ain ly  on L elg rong  T u ffs , but a t  3^4420, 

o v e rs te p s  th e s e  on to  o ld e r  Kapkaru V o lc a n ic s , Throughout th e  o u t

c rop , th e  fo rm a tio n  g e n e ra l ly  d ip s  ea s tw a rd s , bu t w estw ard d ip s  a re  

re c o rd e d  in  th e  Waldagh R iv e r ,  The su c c e ss io n  th ic k e n s  and d iv e r s i f i e s  

no rth w ard s , and i t  i s  i n f e r r e d  th a t  th e  Kameiyun V o lcan ics  were d e riv e d  

p r in c ip a l ly  from t h i s  d i r e c t i o n .

The fo rm atio n  c o n s i s t s  in  th e  so u th  o f flow  banded dark  g reen  

and g rey  tr a c h y p h o n o li te s .  Specimen 5 / l4 0  c o n ta in s  bo th  n e p h e lin e  and 

s o d a l i t e  and i s  dark  g reen  to  b la c k  w ith  a  r a th e r  f l i n t y  te x tu r e .  

Specimen 5 / l 4 l  i s  a  f i s s i l e ,  v i s i b l y  c r y s t a l l i n e  la v a ,  which c o n ta in s  

abundant sm all p h e n o c ry s ts  o f s o d a l i t e  and n e p h e lin e , P y ro c la s t ic s  

a re  a ls o  p re s e n t in c lu d in g  w elded t u f f s  and non-w elded, w h ite , lam in a ted  

t u f f s .  The w elded t u f f s  a r e  g re e n is h , f in e -g ra in e d  and have h ig h ly  

c o n to r te d  flow  banding  ( 5 / l4 3  and 5 / l 4 4 ) . Sm all x e n o l i th s  a re  abun

d an t, a s  a re  s a n id in e  c r y s t a l s  and o c c a s io n a l b i o t i t e  f la k e s .  Such
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w elded t u f f s  a re  alw ays a l t e r e d ,  so t h a t  no u n d e v i t r i f i e d  g la s s  i s  

p r e s e n t .  The l a r g e r  c r y s t a l  fragm en ts  a re  in v a r ia b ly  rounded, w h ile  

sm a lle r  ones a re  more a n g u la r .

N orth  o f  abou t l ° l 8 'N ,  th i n  ag g lo m era tes  a p p ea r, and th e  pro

p o r t io n  o f  p y r o c la s t ic s  in c r e a s e s .  The tra c h y p h o n o lite s  a re  i n t e r 

bedded w ith  l a p i l l i  t u f f s  and w elded t u f f s .  At 324463, a  pumice 

l a p i l l i  t u f f  w ith  rounded borate o f  u n a l te r e d  g la s s  up to  7 cm. a c ro ss  

was re c o rd e d . Specimen 5 /333  shows th a t  th e  g la s s  i s  p a le  brown in  

th in  s e c t io n ,  v /ith  p e r l i t i c  f r a c t u r e s .  I t  c o n ta in s  sp a rse  f e ld s p a r  

m ic r o l i te s  and a  few b i o t i t e  l a t h s  and la rg e  sa n id in e  g r a in s .  The 

p y r o c la s t ic s  a re  g e n e ra l ly  a l t e r e d ,  re n d e r in g  th e  groundmass very  

t u r b id .  H ydrom uscovite (? )  was i d e n t i f i e d  i n  5 /3 l4 ,  which a ls o  con

ta in e d  s a n id in e  and a n o r th o c la s e  frag m e n ts , and a  s in g le  la rg e  f la k e  

o f dark  brown b i o t i t e .

N orth  o f  1°20 'N , much o f  th e  Tugen H i l l s  Group i s  co n cealed  by 

th e  T ir io k o  B a s a l t s ,  I n l i e r s  o f  la v a s  and t u f f s  a s  f a r  n o r th  as 

1°2 3 'N a re  a s s ig n e d  to  th e  Kameiyun V o lc a n ic s . N e v e r th e le s s , th e  

r e la t io n s h ip  betw een th e  Kameiyun V o lcan ics  and th e  Cheptuim et Trachy

p h o n o lite  i s  no t c l e a r .  The low r id g e  K epsetan (sq u a re  295 l) i s  a 

c o a rs e ly  p o r p h y r i t ic  n o n - f i s s i l e  la v a ,  l i t h o l o g i c a l l y  id e n t i c a l  to  

th e  ty p e  C heptuim et T ra c h y p h o n o lite .

The i n l i e r s  o f  t r a c h y te  in  sq u are  3148 and a t  298503  a r e ,  however, 

f i s s i l e  and o n ly  s p a r s e ly  p o r p h y r i t i c ,  and a re  in t e r p r e te d  a s  belong ing  

to  th e  Kameiyun V o lc a n ic s .

I t  i s  su sp e c te d  th a t  th e  C heptuim et T rach y te  i s  younger th a n  th e  

Karaeiyun V o lc a n ic s , and t h a t  K epsetan r e p re s e n ts  a  la v a  th a t  flow ed 

eas tw ard s , a b u t t in g  a g a in s t  a  topography  developed  on th e  o ld e r  v o l

c a n ic s .

I t  i s  a ls o  e v id e n t t h a t  th e r e  was much e ro s io n  o f  th e  Kameiyun 

V olcan ics b e fo re  th e  e ru p tio n  o f th e  T ir io k o  B a s a l ts ,  bu t th a t  w i l l  

be c o n s id e re d  in  th e  s e c t io n  on th e  T ir io k o  B a s a l ts .
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6 . The C heptuim et T rac h y p h o n o lite

T h is  fo rm a tio n  i s  over 1 ,500  f t .  (460 ra.) th i c k ,  and c o n s is ts  

alm ost w holly  o f a  few flow s o f c o a rs e ly  fe ld s p a rp h y r ic  n o n - f i s s i l e  

t r a c h y p h o n o li te .  I t  o v e r l i e s  th e  L elg rong  T u ffs  unconform ably, and 

p robab ly  th e  Kameiyun V o lcan ics  a s  w e ll .

In  th e  n o r th  fa c e  o f C hep tu im et, a g g lo m era tic  t u f f s  a re  exposed, 

in d ic a t in g  t h a t  th e  main mass o f C heptuim et i s  composed o f more th a n  

one flow , though th e  in d iv id u a l  flow s a re  n o t ex p ressed  in  th e  p re se n t 

day to p o g rap h y . Specimen 5 /324  from Cheptuim et i t s e l f  i s  c h a r a c te r i s 

t i c .  The f e ld s p a r  p h e n o c ry s ts  a re  h o n ey -co lo u red  and g la s s y , and in  

th in  s e c t io n  a re  seen  to  be s a n id in e .  F a i r l y  f r e s h  n e p h e lin e  pheno

c r y s ts  a ls o  o ccu r, and p a le  g reen  a u g i te  p h e n o c ry s ts . N epheline i s  

no t obvious in  th e  groundm ass. Specimen 5 /336 from Gaako c o n ta in s  

a n o r th o c la s e .  The th ic k  t r a c h y p h o n o li te  on to p  o f Kokomaa (5 /4 l8 )  i s  

v ery  s im i la r .  The o u t l i e r  a t  M olingot i s  composed o f  two flow s, 

f i s s i l e  in  hand specim en. Specimen 5 /337  from th e  upper flow  has 

p h en o cry s ts  o f s a n id in e ,  a n o r th o c la s e  and n e p h e lin e .

The t r a c h y p h o n o li te  h i l l  C h e s i to i ,  P la te  V I, i s  v e ry  s te e p - s id e d ,  

w ith  a  n o r th - s o u th  tr e n d in g  a x i a l  r id g e .  I t  may be in t r u s i v e ,  a l 

though no c o n ta c ts  a re  exposed to  prove t h i s .  I t  i s  l i t h o lo g i c a l l y  

s im i la r  (5 /3 2 6 ) to  th e  ty p e  C heptuim et T ra c h y p h o n o lite , bu t c o n ta in s  

s o d a l i t e  in  p la c e  o f n e p h e l in e .

F ig .  20 i s  a  co n to u red  map o f th e  base o f  th e  Cheptuim et Trachy

p h o n o li te .  The h ig h e s t  o f  th e  p re s e n t  day o u tc ro p s  i s  M olingot 

(sq u are  2945) and i t  i s  c o n s id e re d  th e r e f o r e  th a t  th e  Cheptuim et 

T rach y p h o n o lite  was d e r iv e d , a t  l e a s t  in  p a r t ,  from th e  so u th . Such 

a sou rce  may have been K elan , o r even th e  p lug  a t  th e  to p  o f  T i a t i .

A d d itio n a l so u rc e s  may have been th e  c o n c e n tra tio n  o f  dykes 

between C heptuim et and Kokomaa, on C h e s i to i .  The l a t t e r  i s  a d is 

t i n c t i v e  s te e p - s id e d  h i l l .  A lthough no c o n ta c ts  a re  exposed, i t
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resem b les  a  p lu g , and may be s i tu a te d  on a  so u rce , above which accumu

la te d  a cuiTiulodome o f v e ry  v is c o u s  magma (Van Beraraelen, 19^9, p p .197-198) 

I t  may th u s  have se rv ed  a s  a so u rce  fo r  th e  la v a  o f K epsetan (se e  

below ), bu t u n le s s  flow  to o k  p la c e  u p h i l l ,  i t  co u ld  n o t have g iv en  

r i s e  to  th e  la v a s  i n  C heptu im et, where th e  s u b -su rfa c e  i s  in c l in e d  

upwards away from C h e s i to i .  There may, a l t e r n a t i v e l y ,  be a  f u r th e r  

source  betw een S e rk o it  and C heptu im et, to  accoun t f o r  th e  g re a t  th ic k 

n ess  o f la v a  th e r e .

K epsetan  i s  th o u g h t to  be p a r t  o f t h i s  fo rm a tio n . I t  i s  th e  

to p o g ra p h ic a l ly  lo w es t r e p r e s e n ta t iv e ,  and i s  th o u g h t to  be a  la v a  

th a t  flow ed e a s tn o r th e a s t  from e i t h e r  C heptuim et o r C h e s ito i  on to  

th e  eroded  Kameiyun V o lc a n ic s . F ig .  21 i s  a  s e c t io n  from 290513 

to  313502 .

F ig ,  22 i s  a  sch em atic  r e p r e s e n ta t io n  o f  th e  Cheptuim et Trachy

p h o n o li te  i l l u s t r a t i n g  th e  r e l a t io n s h ip s  among th e  s t r u c tu r e ,  l i t h o -  

logy  and p o s s ib le  modes o f  e ru p tio n  o f  th e  v a r io u s  p a r t s  o f th e  f o r 

m ation .

7 . The Chepkoi T u ffs

T h is  fo rm a tio n  i s  abou t 600 f t .  ( I 85 m .) th ic k ,  and o ccu rs  in  th e

e a s t  and s o u th e a s t  o f  th e  o u tc ro p  o f  th e  Tugen H i l l s  Group. I t  over

l i e s  bo th  th e  Kameiyun V o lcan ics  and Kapkaru V o lc a n ic s , but i t s

r e l a t io n s h ip  to  th e  C heptuim et T rac h y p h o n o lite  i s  unknown.

They d ip  ea s tw ard s  a t  a n g le s  o f  up to  1 5 ° . Throughout t h e i r  

o u tc ro p , th e y  c o n s is t  m ain ly  o f  r a th e r  monotonous pumice l a p i l l i  

t u f f s ,  g e n e ra l ly  w e ll bedded bu t p o o rly  s o r te d .  O ccasiona l agglome

r a t e s  a re  p r e s e n t ,  and a  w elded t u f f  in  a  f a u l t  c o n t ro l le d  i n l i e r  in  

square  6842. At 339413» th e  t u f f s  a re  g raded  and show slum ping and 

flam e s t r u c t u r e s ,  which may in d ic a te  a  sub-aqueous environm ent o f 

accu m u la tio n .
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L i th o lo g ic a l ly ,  th e y  a re  v e ry  s im i la r  to  th e  L elgrong T u ffs , and 

in  McClenaghan’ s a r e a ,  where th e  two a re  in  d i r e c t  c o n ta c t ,  th e y  a re  

not d iv i s i b l e ,

V/est o f  th e  w a te rsh ed , th e r e  a re  no c o u n te rp a r ts  o f th e  Kameiyun 

V olcan ics o r  Chepkoi T u f f s .  In  t h i s  r e s p e c t ,  th e  T i a t i  V olcanic Com

p lex  i s  asy m m etrica l, and in d i c a te s  t h a t  a c t i v i t y  was s h i f t i n g  e a s t 

wards tow ards th e  c e n tr e  o f  th e  r i f t  v a l le y .

The o v e r ly in g  T ir io k o  B a s a l ts ,  however, were e ru p te d  over a  ve ry  

wide a re a ,  and th e  Mugor T ra c h y te s  have t h e i r  g r e a te s t  development 

alm ost a long  th e  main w a te rsh e d . Hence th e r e  i s  no p re c is e  c o r re 

l a t io n  between th e  change in  lo c u s  o f a c t i v i t y  and tim e .

C o r re la t io n  and com parison o f  th e  K o llo a  and Tugen H i l l s  Groups w ith 

o th e r  a re a s

The terra  Tugen H i l l s  Group was p roposed  by J .E .  M artyn ( o p .c i t . )  

and groups to g e th e r  th e  fo rm a tio n s  in  h i s  a re a  composed p r in c ip a l ly  

o f p h o n o lite  la v as ,. C o n s id e ra b le  th ic k n e s s e s  o f  e p i c l a s t i c  sedim ent 

a lso  o c c u r . a s  w e ll a s  up to  800  f t .  (250  m.) o f b a s a n i te s .

M artyn ' 8 fo rm a tio n s  a re  t r a c e a b le  th ro u g h  Chapman's a re a  (F ig . 2) 

and in to  M cClenaghan’ s a re a  (F ig .  2 ) .  In  th e  l a t t e r ,  th e  e ru p te d  u n i t s  

a re  more i r r e g u l a r  in  form th a n  i n  a re a s  f u r th e r  so u th , and c o r r e la t io n  

may on ly  be ap p ro x im ate . F ig ,  23 in d i c a te s  th e  r e la t io n s h ip s  among 

th e  v a r io u s  fo rm a tio n s .

The basem ent i s  o v e r la in  i n  M a rty n 's  a re a  by tv;o sed im en tary  

su c c e ss io n s . The Kamego F orm ation  i s  th o u g h t by th a t  a u th o r  ( o p .c i t . ,  

p .22) to  be o ld e r  th a n  th e  Turkana G r i t s .  He eq u a te s  th e  o v e r ly in g  

Chepkuno G r it  and B re c c ia  ( th e  b a s a l  member o f th e  Tugen H i l l s  Group) 

v/ith th e  Turkana G r i t s  ( o p ,c i t . ,  p .6 4 ) .  In  Chapman's a re a ,  th e  base 

of th e  p h o n o li te s  i s  n o t exposed . In  M cC lenaghan's a r e a ,  c .  6 f t .  (2 m-,)



t-

in
D

<M
D

O0

"O

O Q.
U  I -

u _

XI\nto

u _

to

X

t-

CL

| o
% O
s «

.5 o
HI

LU
o

UJ

ac

ro
rvj
e>



40

of tu ffa c e o u s  g r i t s  o v e r l i e  basem ent, fo llo w ed  up by th e  b a s a l t s  o f 

th e  K apchererat F o rm atio n . M artyn ( o p .c i t . ,  p .64) c o r r e l a te s  th e s e  

g r i t s  w ith  th e  Chepkuno G r i t  and B re c c ia , and McClenaghan a c c o rd in g ly  

p laced th e  K apch erera t F o rm ation  in  th e  Tugen H i l l s  Group.

The p re s e n t a u th o r ,  how ever, f e e l s  t h a t  th e  K ap ch erera t Form ation  

i s  of s u f f i c i e n t  s iz e  and d i s t i n c t  l i th o lo g y  f o r  i t  to  be r a i s e d  to  

group s t a t u s .  A cco rd in g ly , th e  te rm  K o llo a  Group has been u sed , and 

inc lu d es  th e  Turkana G r i t s  and K ap ch ere ra t F o rm atio n .

The K apcherera t F o rm ation  th ic k e n s  from 0 f t .  a t  1°7 'N  to  a t  

le a s t  3 j?00  f t .  (1130  m.) a t  1 °17 'N , and o ccu p ies  a  p o s i t io n  analagou^ 

to  the  Samburu B a s a l ts  on th e  e a s te r n  s id e  o f  th e  R i f t  V a lle y .

The Saimo p h o n o li te s  th ic k e n  no rth w ard s  from M artyn’ s a re a ,  and 

are  equated by McClenaghan w ith  th e  low er p a r t  o f  th e  S ig a tg a t  H i l l  

Complex, which may in  p a r t  be t h e i r  s o u rc e . In  M arty n 's  and Chapman’s 

a rea s , th e  Saimo and S idekh  P h o n o li te s  c o n s is t  o f  f lo o d  ty p e  la v a s  

erupted p ro b ab ly  from d is p e rs e d  f i s s u r e s  and sm all c e n t r e s ,  bu t t h i c 

kening tow ards S ig a tg a t  H i l l .  In  th e  p re s e n t  a r e a ,  th e  e q u iv a le n ts  o f 

these fo rm atio n s  a re  th e  T iriom im  and Kapkaru V o lc a n ic s , a  co a lescen ce  

of s h ie ld  v o lc an o es , i n  w hich th e  p ro p o r tio n  o f  p y r o c la s t ic s  i s  much 

h igher th an  in  t h e i r  e q u iv a le n ts  f u r th e r  s o u th . F u rth erm o re , th e r e  

are  no in t e r c a l a t i o n s  o f  e p i c l a s t i c  m a te r ia l  i n  th e  Tiriom im  o r  Kapkaru 

V olcanics, n e i th e r  i s  th e r e  much w ea th e rin g  on in d iv id u a l  flow  to p s  

as th e re  i s  i n  th e  Saimo P h o n o li te s ,  and so i t  i s  in f e r r e d  th a t  

e rup tions proceeded  a lm o st c o n t in u a l ly  in  th e  p re s e n t  a r e a .

As re g a rd s  th e  Saimo B a s a n i te s ,  M artyn c o n s id e rs  t h a t  th e se  form 

a la rg e , low an g le  s h i e l d - l i k e  v o lc a n o , w ith  t h e i r  th i c k e s t  accum ula tion  

in  h is  a re a .  From th e r e ,  th e y  th in  n o rth w ard s in to  Chapman’s a re a ,  

and a re  ab sen t from M cClenaghan’ s  a r e a ,  bu t may be r e p re s e n te d  in  th e  

present a re a  by th e  Kokomaa F o rm atio n .



4]

I t  i s  no t p o s s ib le  to  c o r r e l a t e  fo rm a tio n s  i n  th e  upper p a r t  o f 

the  Tugen K i l l s  Group in  a re a s  to  th e  so u th  w ith  th o se  i n  th e  p re s e n t 

a rea . The e ru p tiv e  p a t t e r n  changes co m p le te ly  and th e r e  i s  no con

t in u i ty  between th e  fo rm a tio n s .

There a re  a ls o  im p o rta n t s t r u c t u r a l  d i f f e r e n c e s  between th e  

no rthern  and so u th e rn  p a r t s  o f  th e  re g io n  occu p ied  by th e  Tugen K i l l s  

Group, see C hap ter 3»

03. TKK TIKIOKO BASALTS

T his i s  a  w idesp read  fo rm a tio n , composed alm ost e n t i r e ly  o f 

b a sa lt la v a s ,  t o t a l l i n g  ov er 1 ,0 0 0  f t .  (300 m.) in  th ic k n e s s .  There 

are minor developm ents o f  p y r o c la s t i c s ,  and t r a c h y te s  and m u g earite s  

occur n ea r th e  to p  o f  th e  fo rm a tio n .

At Chepkoi, o n ly  80 f t .  (25 m.) o f  b a s a l t  i s  p r e s e n t ,  bu t th e  

form ation i s  p ro b ab ly  over 1 ,0 0 0  f t .  ( 3OO m.) th ic k  a t  th e  l a t i t u d e  

of A koret. I t  t h i n s  s lo w ly  n o rth w ard s  in to  W eaver's  a r e a  (F ig ,  l ) . 

Dips a re  g e n e ra l ly  e a s tw ard s  to  n o r th e a s tw a rd s .

Follow ing th e  b u ild -u p  o f  th e  T i a t i  v o lc a n ic  com plex, th e r e  was 

a q u iescen t p e r io d  d u rin g  w hich e ro s io n  o f  th e  t u f f s  and p h o n o li te s  

took p la c e , and th e  T ir io k o  B a s a l ts  nov/ o v e r l i e  th e  Tugen K i l l s  Group 

unconformably. In  p a r t ,  t h i s  o ld e r  la n d sca p e  h as  been exhumed by 

present day e ro s io n .  I t s  e x is te n c e  i s  in d ic a te d  by th e  many o u t l i e r s  

of b a s a lt  between T i a t i  and C hepkoi, o c c u rr in g  a t  d i f f e r e n t  h e ig h ts .  

The su b -T irio k o  B a s a l t  s u r fa c e  i s  shown in  F ig .  24 .

Red s o i l s  a re  o c c a s io n a l ly  developed  on th e  s u r fa c e ,  p a r t i c u l a r ly  

on th e  L elgrong T u f f s .  At 3 O8 5 1 2 , a  s tream  s e c t io n  shows b a s a l t s  

re s tin g  on w eathered  t r a c h y te s  v ia  a  w estw ard d ip p in g  th in  e a r th y  

boulder bed.

E ast o f C h e s ito i  and Groraot, p re -T ir io k o  B a s a lt  fo rm a tio n s  occur 

as i n l i e r s  bo th  i n  s tream  v a l le y s  and on th e  i n t e r f l u v e s ,  in d ic a t in g
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th e  u n d u la tin g  n a tu re  o f  th e  s u b -b a s a lt  s u r fa c e .  F u r th e r ,  in  square  

2 938 , a b a s a l t  flow  o ccu rs  a t  4 ,100  f t .  O .D ., in  c o n t in u ity  w ith  th e  

main o u tc ro p  on Chepkoi which i s  a t  c . 4 ,800  f t .  O.D. T his in d ic a te s  

th e  e x is te n c e  o f  a  v a l le y  a t  l e a s t  700 f t .  (21^ m.) deep.

The p re s e n t  a t t i t u d e  o f th e  base o f th e  fo rm ation  and th e  d i f 

fe re n c e s  in  th ic k n e s s  a re  p a r t l y  c o n tro l le d ,  however, by te c to n ism . 

T his in c lu d e s  p re-K iddeh  Group f a u l t in g ,  and p o s t-  Ribkwo V olcanic 

Complex u p l i f t  abou t an e a s t-w e s t a x is  a t  1°13 'N , r e f e r r e d  to  in  

C hapter 3«

Throughout th e  o u tc ro p , th e  volume o f p y ro c la s t ic s  i s  low, and 

th e  o ccu rren ce  o f  numerous dykes su g g es ts  th a t  th e  la v a s  were e ru p ted  

m ainly from f i s s u r e s .  The dykes a re  e a s i ly  v i s ib l e  on th e  a e r i a l  

photographs where th e y  cu t th e  L elgrong T u ffs , and occur a s  h ig h  as  

6 ,000 f t .  O.D. a t  269449 .

P y r o c la s t ic s  do o ccu r, however, f a i r l y  low in  th e  fo rm atio n , but 

a re  on ly  developed  to  any e x te n t n o r th  o f 1°22 'N . They in c lu d e  beds 

o f l a p i l l i  betw een flo w s, bu t more commonly a re  i r r e g u la r  h o rizo n s  of 

agg lom era tes  w ith  sp in d le  bombs, o c c a s io n a lly  up to  3 f t .  ( l  m.) in  

d ia m e te r . Around 283331, outw ard d ip s  in  such agg lom erates in d ic a te  

th e  p re sen ce  o f a  c in d e r  cone. The agglom erate i s  c o a rs e s t  in  th e  

c e n tre  o f  th e  o u tc ro p , p a ss in g  upwards in to  f in e r  m a te r ia l ,  and th en ce  

in to  b a s a l t  l a v a .

The o u t l i e r s  around Mechwet (sq u are  3043) appear to  belong to  a 

d is s e c te d  cone, P la te  V II and F ig .  23 . Mechwet i t s e l f  c o n s is ts  o f  a 

co arse  s p in d le  bom b-bearing ag g lo m era te . To th e  im m ediate no rthw est 

a re  b a s a l t  la v a s  d ip p in g  away from th e  agg lom erate . T his assem blage 

i s  in t e r p r e te d  a s  a  v e n t agg lom erate  w ith  a s s o c ia te d  la v a  flo w s. The 

agg lom erates  a t  K apusyuin o v e r l ie  ro ck s  o f th e  Tugen H i l l s  Group, and 

a re  th o u g h t to  have been e ru p te d  on to  th e  f la n k s  o f th e  b a s a l t ic  cone. 

S im ila r ly ,  th e  b a s a l t  la v a  between Mechwet and Kapusyuin i s  though t to  

be a  la v a  e ru p te d  on to  th e  e a s te rn  f la n k  o f th e  cone.
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There i s  a ls o  an o u tc ro p  o f  agglom erate  a t  T o rk o it,  square 3045, 

which o ccu rs  a t  a h ig h e r  a l t i t u d e  th a n  e i th e r  o f th e  o th e rs  m entioned 

above, and i s  n o t th o u g h t to  have been connected  w ith  th e  same cone.

The T ir io k o  B a s a l ts  im m ediately  e a s t  and west o f  C h e s ito i c o n s is t  

m ainly o f  p u rp l i s h  e a r th y  beds c o n ta in in g  abundant rounded bou lde rs  

o f p o r p h y r i t ic  t r a c h y te  d e r iv e d , i t  i s  th o u g h t, from C h e s ito i .  T h is 

f a c ie s  i s  w e ll exposed a t  297497, where th e  m a trix  i s  seen to  c o n s is t  

o f  b a s a l t i c  c in d e r  and a sh , a l t e r e d  to  an e a r th y  m a te r ia l .  The boul

d e rs  o f  t r a c h y te  a re  w e ll rounded, and up to  3 f t .  ( l  m.) a c ro s s .  At 

t h i s  l o c a l i t y ,  th e  d e p o s it has w eathered  out a s  e a r th  p i l l a r s ,  P la te  

V II I .

At 278509 , s im i la r  d e p o s its  have th in  b a s a l t  la v a s  in te r c a la te d ,  

in d ic a t in g  t h e i r  a g e .

I t  i s  c o n s id e re d  th a t  d u ring  th e  lo c a l  e ru p tio n s  o f  th e  T irio k o  

B a s a l ts ,  C h e s ito i  was a  s te e p - s id e d  h i l l  undergoing a c t iv e  e ro s io n , and 

th a t  th e  rounded b o u ld e rs  o f t r a c h y te  a re  d e riv e d  from i t .

The la v a s  in  th e  fo rm atio n  v a ry  g r e a t ly  in  c h a ra c te r ,  a lthough  

n e a r ly  a l l  o f them a re  o l iv in e -b e a r in g .  The f u l l e s t  sequence i s  a t  

A kore t. V a r ia t io n s  no rthw ards and southw ards a re  expressed  in  F ig . 2 6 .

(a )  M icrophyric  u n i t . P h en o cry sts  a re  g e n e ra lly  sm all, and a re  

m ainly  o l i v in e .  A ug ite  i s  sometimes p re s e n t ,  but p la g io c la se  only 

r a r e l y  so . A phyric la v a s  a re  common. In  hand specim en, th e  la v a s  

a re  m ostly  f in e  g ra in e d , b lu is h  o r b la ck  and on ly  s p a rs e ly  v e s ic u la r .  

They a re  m ostly  q u i te  f r e s h ,  ex ce p tin g  th e  o l iv in e  p h en o cry sts , which 

a re  alw ays a l t e r e d  to  some d eg ree . O ccas io n a lly , a re a s  o f b a s a lt  a re  

com ple te ly  a l t e r e d  to  r e d d is h , y e llo w ish  o r w hite  secondary p roducts  

by a l t e r a t i o n ,  e .g .  a t  326619 . An in te n s e ly ,  but l a t e r a l l y  r e s t r i c t e d ,  

a l t e r e d  zone o ccu rs  a t  339558, on th e  so u th e rn  ex trem ity  of th e  K a 'a t 

f a u l t ,  and i s  a ls o  c o l in e a r  w ith  a  narrow  zone o f b a s a l t i c  dykes a t
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337554.

B a s a lt  la v a s  w ith in  th e  m icrophyric  u n i t  a re  d e sc rib e d  in  

C hapter 5«

About 2 m ile s  (3*2 km.) w estsouthw est o f A koret, 3 tr a c h y te  flow s 

a re  in t e r c a l a t e d  w ith in  th e  T ir io k o  B a s a l ts .  Specimen 3 /132 , th e  

youngest o f th e  3 flo w s, has a n o r th o c la se , o c c u rrin g  bo th  as  pheno

c r y s ts  and in  th e  groundm ass. I t  i s  w orth n o tin g  th a t  t r a c h y te s  in  th e  

K aparaina B a s a l ts  ( a  fo rm atio n  roughly  th e  same age a s  th e  T irio k o  

B a s a lts )  in  M artyn’ s a re a  ( o p .c i t . ,  p .90) a re  s im i la r ly  a n o r th o c la s e -  

b e a r in g . The t r a c h y te  from th e  T ir io k o  B a sa lts  d i f f e r s ,  however, in  

th a t  i t  c o n ta in s  a l k a l i  am phiboles, w hile  th o se  in  M artyn’s a re a  

(o p .c i t . ,  p«9ô) c o n ta in  d io p s id ic  a u g i te .

At 690319 , a  2 fo o t ( .6 m.) th ic k  d ia to m ite  i s  in t e r c a la te d  in

th e  b a s a l t s .  I t  i s  r a th e r  sh a ly , but very  l i g h t  and alm ost pure w h ite .

The d ia tom s a r e  shown below. F ig .  2 7 . They a re  m orpho log ica lly  d i s 

t i n c t  from th o se  in  th e  A te r i r  Beds, q .v .  p . 74.

The ro ck s  i n  th e  m icrophyric  u n i t  d ip  m ainly n o rth ea stw a rd s .

The e a r l i e s t  la v a s  o v e rly in g  th e  Tugen H i l l s  Group d ip  f a i r l y  s te e p ly  

eas tw ard s , v a ry in g  acc o rd in g  to  th e  lo c a l  n a tu re  o f th e  su b -b a s a lt 

s u r fa c e .  B eneath  th e  f la n k  d e p o s its  o f th e  Ribkwo complex, th ey  d ip  

n o rth e a s tw a rd s  a t  abou t 9^« West o f K afkandal, th e y  d ip  e a s tn o r th -  

e a s t  o r  e a s tw a rd s , u s u a l ly  a t  l e s s  th a n  10 ° . Im m ediately west o f 

Mugor (sq u a re  276O ), th e  b a s a l t s  a re  invo lv ed  in  an upwarp about a

n o r th -s o u th  a x is  so t h a t  in  th e  no rthw est o f th e  a re a , d ip s  a re

w estw ards a t  up to  3° -  see  a ls o  C hapter 3»

(b ) The P lag iq c la s e -p h y r ic  u n it  th ic k e n s  northw ards from no th ing  

in  sq u are  6834  to  abou t 400 f t .  (123 m.) a t  1°2 8 'N . The la v as  a re  

u s u a lly  g re y is h  o r  p u r p l i s h ,  w ith  abundant g la s sy  ta b u la r  p la g io c la se  

p h en o cry s ts  up to  2 cm, lo n g , o f te n  in  s u b p a ra l le l  a lignm en t. Ropy
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FIG.26 Section through pohoehoe ' toe' ,  plagioclose-phyric unit, Tirioko Basalts.

PLATE IX Pohoehoe toe ,  plagioclose-phyric unit, Tirioko Basalts.
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su r fa c e s  and pahoehoe to e s  a re  common, see  F ig .  28 and P la te  IX . The 

la v a s  examined i n  t h in  s e c t io n  (3/ 278 ) have o l iv in e  in  th e  groundmass, 

and la rg e  c o n c e n t r ic a l ly  zoned p la g io c la s e  p h e n o c ry s ts .

A th i n  f i s s i l e  t r a c h y te  i s  i n t e r c a l a te d  in  b a s a l t s  o f t h i s  u n i t  

benea th  K afkandal, sq u are  666I .

The p la g io c la s e -p h y r ic  la v a s  a re  r a th e r  prone to  a l t e r a t i o n .

The p h en o c ry s ts  a l t e r  a long  th e  (OlO) cleavage causing  f r a c tu r in g  in  

th e  a d ja c e n t groundm ass, and la rg e  f re s h  hand specim ens a re  d i f f i c u l t  

to  o b ta in .  In  t h in  s e c t io n ,  th e  m afics a re  seen to  be la rg e ly  a l t e r e d  

to  secondary  fe r ru g in o u s  m a te r ia l .

(c )  The L e u c o c ra tic  u n i t  i s  o f l im ite d  d i s t r i b u t io n ,  o ccu rrin g

on ly  im m ediate ly  e a s t  o f A koret, and i s  l e s s  than  100 f t .  (3O ra.)

th i c k .  At 687343 , th e  f i e l d  r e l a t io n s  show th a t  i t  i s  an in te r c a la b io n  

w ith in  th e  m ic ro p h y ric  u n i t . I t  i s  very  d i s t i n c t iv e  in  th e  f i e l d  and 

to g e th e r  w ith  th e  p la g io c la s e  phy ric  u n i t ,  enabled th e  d e te c tio n  o f 

s t r i k e  f a u l t in g  e a s t  o f A koret.

At 708331 , a  stream  s e c tio n  shows a t  l e a s t  3 d i s t i n c t  flow s,

each abou t 20  f t .  (6  ra.) th ic k .

In  hand specim en, th e  la v a s  a re  u s u a lly  f r e s h ,  ap h y ric , b u ff  or 

brow nish, f in e - g r a in e d ,  w ith  a  compact, n o n - f i s s i l e  te x tu r e .  V e s ic le s  

a re  commonly la r g e ,  ovo id , w ith  smooth w a lls , and a re  co n cen tra ted  

n ea r th e  base  o f  th e  flo w s, where th ey  a re  o f te n  f i l l e d  v/ith c a l c i t e .

In  t h in  s e c t io n ,  th e se  la v a s  a re  seen to  c o n s is t  la rg e ly  of 

f e ld s p a r ,  and c o lo u r le s s  a u g i te  and m ag n e tite , and a re  q u ite  f r e s h .

Both t r a c h y t i c  and m u g e a ritic  ty p e s  o ccu r.

(d ) The o l iv in e - a u g i te - n h y r ic  u n i t  i s  a ls o  o f very  lim ite d  d is 

t r i b u t io n ,  and i s  l a t e r a l l y  eq u iv a len t to  la v a s  in  th e  upper p a r t  of 

th e  m icro p h y ric  u n i t ,  see  F ig .  26 . I t  o v e r l ie s  th e  m ugearite u n it  

in  sq u a re s  7^33 and 7^34 and occurs a s  two sm all o u t l i e r s  a t  693347
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and 703352 . To th e  so u th  and n o rth  o f i t s  o u tc ro p , i t  i s  o v e r la in  by 

l a t e r  t r a c h y te s ,  and eastw ard s  by th e  Tumungir B a s a l t .  I t  i s  tho u g h t, 

however, to  be o ld e r  th a n  th e  T ir io k o  B a sa lts  between Karaungechot and 

th e  edge o f  th e  Ribkwo complex f la n k  d e p o s its .

I t  i s  l i t h o l o g i c a l l y  d i s t i n c t i v e  in  hand specimen in  th a t  i t  con

ta in s  abundant o l iv in e  and a u g ite  p h en o c ry s ts . The groundmass i s  

b la ck  and f in e - g r a in e d ,  and only  sp a rs e ly  v e s ic u la r .

Lavas w ith in  t h i s  u n i t  a re  e x c e p tio n a lly  prone to  a l t e r a t i o n ,  and 

a re  a l t e r e d  to  a  th ic k  bo le  where th ey  o u tc rop  from beneath  th e  

K afkandal and Karaungechot tr a c h y te  com plexes, e .g .  a t  709333 and 

704344 . At th e  l a t t e r  l o c a l i t y ,  th e  b a s a l t s  a re  reduced  to  a  re d d ish -  

v io l e t  e a r th y  m a te r ia l  in  which rem ain f re s h  a u g ite  p h en o cry s ts .

(e )  B a s a l ts  young er th an  th e  o l iv in e -a u g i te -p h y r ic  u n i t . T his 

covers a l l  th e  b a s a l t s  o ld e r  th a n  th e  Tumungir B a s a l ts ,  between 

Kamungechot, T untu lyon  and th e  w estern  l im i t s  o f th e  Ribkwo V olcanic 

Complex, They occur a s  f a r  n o rth  a s  th e  sou thern  l im i t s  o f th e  Kaf- 

kandal complex, bu t t h e i r  so u th e rn  l im i t  i s  no t p re c is e ly  known, 

where th e y  become in d is t in g u is h a b le  from th e  Tumungir B a sa lt.

They a r e  l i t h o l o g i c a l l y  s im ila r  to  b a s a l t s  in  th e  m icrophyric 

u n i t ,  in c lu d in g  b o th  p o rp h y r i t ic  and n o n -p o rp h y ritic  ty p e s . In  th in  

s e c t io n ,  b o th  in te r g r a n u la r  and o p h it ic  te x tu re  i s  reco g n ized . As in  

th e  m icro p h y ric  u n i t ,  p la g io c la se -p h y r ic  la v a s  a re  r a r e .

Post T ir io k o  B a s a l ts  E ven ts

A f te r  th e  e ru p tio n  o f th e  T irio k o  B a s a lts ,  th e re  was an extended 

p e rio d  o f  e ro s io n  and f a u l t in g ,  so th a t  th e  t r a c h y t ic  vo lcanoes of 

th e  Kiddeh Group o v e r l i e  th e  b a s a l t s  unconform ably. Reddened 

w eathered zones a r e  p re se rv e d  beneath  th e  t r a c h y t ic  complexes a t  

Chepkoi, Kamungechot and Kaf k a n d a l, where th ey  a re  developed on 

ap h y ric , o l iv in e - a u g i te - p h y r ic  and p la g io c la se -p h y ric  b a s a l t s  re sp ec 
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t i v e ly .  T hick re d  b o le s  a re  a ls o  p re se rv ed  on to p  o f th e  b a s a l ts  a t  

s e v e ra l  l o c a l i t i e s  up to  3 m iles  (5 km.) west and northw est o f A koret. 

These occur a t  3 d i f f e r e n t  l e v e l s ,  and in d ic a te  su ccess iv e  re ju v e n a tio n  

of th e  l o c a l  d ra in a g e .

F a u lt in g  a ls o  o ccu rred  d u ring  t h i s  q u ie sc e n t p e r io d , so th a t  both 

th e  Ribkwo and th e  K afkandal complexes were e ru p te d  a g a in s t f a u l t  

s c a rp s .  The Chepkoi f a u l t  throw s eastw ards about 7OO f t .  (213 m.) 

a t  1°13‘N. T h is  f a u l t  i s  w e ll exposed in  3 dim ensions in  th e  Kamo sin g  

v a l le y ,  bu t i s  n o t exposed in  th e  Chemukol v a l le y .  F ig . 29 i s  a 

s e c tio n  th ro u g h  C hepkoi. The tra c h y te s  o f th e  Ribkwo complex a re  

not a f f e c te d  by th e  f a u l t .

N orth  o f 1° 1 9 'N , th e  Ribkwo Complex i s  a f f e c te d  by f a u l t s  w ith  

throw s o f l e s s  th a n  I 3 O f t .  (46 ra .), which a re  in  l i n e  w ith  th e  Chepkoi 

i a u l t ,  and a re  c o n s id e re d  to  be i t s  northw ard ex ten s io n .

A nother co n cea led  f a u l t  tre n d in g  n o rth -so u th  i s  suspected  a t  

about 36°03’E. T h is  i s  th e  Chemartos F a u l t ,  named a f t e r  some h j . l ls  

beneath  which i t  i s  in f e r r e d  to  p a s s .

I f  th e  eas tw ard  d ip p in g  sub-Ribkwo su rfa c e  on th e  downthrow s id e  

of th e  Chepkc:l f a u l t  i s  e x tra p o la te d  eastw ards, i t  would occur a t  

about 2 ,000  f t .  0 ,D . a t  36° 0 3 ‘E. At t h i s  lo n g itu d e , however, th e re  

ai'e s e v e ra l  i n l i e r s  a t  app rox im ate ly  ^̂ 000 f t .  O.D., o f what a re  con

s id e re d  to  be T ir io k o  B a s a l ts ,  a t  718449, 720439? and in  th e  Cheraulcol 

v a l le y  in  sq u a re s  7148 and 7248, see F ig , 30-

I t  i s  p o s s ib le  th e r e f o r e  th a t  th e re  i s  a  f a u l t ,  w ith  a throw of 

about 1 ,000  f t ,  (303  m.) to  th e  w est, along 36°03’E. However, i t s  

c a lc u la te d  m agnitude depends on in fe re n c e s  as to  th e  downward slope 

of th e  sub—Ribkwo s u r fa c e  e a s t  o f th e  Chepkoi F a u l t .  In  th e  Kamosing 

R iv e r, t h i s  i s  abou t 1 0 ° ,  bu t i f  i t  f l a t t e n s  out eastw ards, the  

d if fe re n c e  i n  th e  t h e o r e t i c a l  and th e  a c tu a l  e le v a tio n s  of th e  su rface  

a t  36 0 3 'E  becomes l e s s ,  and could  be e n t i r e ly  e ro s io n a l , and not
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f a u l t  c o n t ro l le d .

The Ka’a t  F a u l t  d is p la c e s  th e  T ir io k o  B a s a l ts  b en ea th  th e  extrem e 

w este rn  edge o f th e  K afkandal Complex. I t  t r e n d s  abou t NIO E, and 

i s  th o u g h t to  ex ten d  a s  f a r  so u th  a s  1 °2 4 ’N, where dyke in t r u s io n  and 

a l t e r a t i o n  o f th e  b a s a l t s  have ta k e n  p la c e  a lo n g  i t .  At 1 2 6 'N, i t  

b r in g s  p la g io c la s e -p h y r ic  b a s a l t s  in to  c o n ta c t  w ith  o ld e r  b a s a l t s  o f 

th e  m icro p h y ric  u n i t .  The f a u l t  s c a rp  produced by i t  must have been 

somewhat eroded  by th e  tim e th e  K afkandal complex was be in g  form ed, 

s in c e  a t  67 l604 , a  t r a c h y te  flow  c ro s s e s  th e  l i n e  o f th e  f a u l t  w ith o u t 

b e in g  d is p la c e d  a t  i t s  to p  o r  i t s  b a se . A -g m ile  (0 .8  km.) to  th e  

n o r th ,  th e  l o c a l l y  o ld e s t  t r a c h y te s  flow ed so u th eas tw ard s  over a  

f a i r l y  degraded  f a u l t  s c a rp , a t  6 7 2613 . As w ith  th e  Chepkoi F a u l t ,  

th e  K a 'a t  F a u l t  does n o t d is p la c e  th e  la v a s  o f th e  t r a c h y t i c  complex 

o v e r ly in g  i t .

F ig .  31  i s  a  map o f  th e  to p  su r fa c e  o f  th e  T ir io k o  B a s a l ts .

C4c THE KIDDEH G~ROÏÏP 

I n tro d u c t io n

T h is  co m p rises , i n  th e  a u t h o r 's  a r e a ,  s e v e r a l  d i f f e r e n t  t r a c h y t ic  

com plexes. The Ribkwo, Nasaken and K afkandal Complexes a re  re c o g n i-  

z e a b le  a s  v o lc a n o e s , w h ile  th e  Mugor T ra c h y te s  a re  e s s e n t i a l l y  c o a le s 

cences o f  f i s s u r e  e ru p t io n s .

O u ts id e  th e  a u t h o r 's  a r e a ,  t r a c h y t i c  com plexes l a t e r a l l y  equ iv a

l e n t  to  th e  Kiddeh Group occur a s  f a r  n o r th  a s  2°N, and a s  f a r  so u th  

a s  0 °10 'N , South  o f 1 °3 'N , th e  com plexes a re  d isc o n tin u o u s  and w idely  

s e p a ra te d ,  b u t n o r th  o f t h i s  th e y  in c re a s e  i n  number, o v e rla p p in g  and 

i n t e r d i g i t a t i n g .  L a te r a l  r e l a t io n s h ip s  a re  som etim es o b scu re , and 

unconform able c o n ta c ts  may become conform able l a t e r a l l y .

The K afkandal complex s t a r t e d  e ru p tin g  c .  ^ ,8  m .y. ago , th e  o ld e s t  

d a te  b e in g  3*9 1 0 ,3  m .y. (W eaver, Ph.D . t h e s i s  i n  p r e p a r a t io n ) .  The
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youngest d a te  i n  th e  a u th o r ’ s a r e a ,  fo r  th e  whole group , i s  2 .6  ± 0 ,2  

m .y ., from a  specim en i n  th e  Nasaken V o lc a n ic s . The Oliyamur V olcano, 

in  R hem tu lla ’ s a r e a ,  see  F ig ,  1 , i s  younger th a n  t h i s ,  and i s  th e  

youngest known complex i n  th e  Group o r i t s  e q u iv a le n ts .

The l a t e r a l  r e l a t i o n s h ip s  between th e  v a r io u s  com plexes w ith in  

th e  group a re  sum m arized i n  F ig .  ^ 2 .

1 , The Mugor T ra c h y te s

T h is  fo rm a tio n  i s  abou t 200 f t .  ( 6 l  m.) th ic k ,  c o n s is t s  o f  d is 

connected  o u tc ro p s  o f  t r a c h y te  flo w s, and in c lu d e s  a s s o c ia te d  dykes.

I t  occu rs  in  th e  n o rth w e s t o f  th e  a r e a ,  and p ro b ab ly  th ic k e n s  in  th a t  

d i r e c t io n .  The t r a c h y te s  a re  g e n t ly  a rch ed  about a  n o r th -s o u th  a x is  

a t  so t h a t  i n  th e  e a s t  o f  t h e i r  o u tc ro p  th e y  d ip  n o r th e a s t 

w ards, bu t d ip  no rth w estw ard s  on th e  w este rn  edge o f th e  p re se n t area .. 

T h is a rc h  i s  i n  l i n e  w ith  th e  Kewarr H o rs t, and i s  p robab ly  a s s o c ia te d  

w ith  th e  T i a t i  M onocline ( s e e  p , 9 4 )»

E astw ard s , th e  Mugor T ra c h y te s  a re  in d is t in g u is h a b le  from th e  

low er t r a c h y te s  o f  th e  K afkandal Complex, l i t h o l o g i c a l l y  o r s t r u c tu r a l ly  

and a re  th u s  i n f e r r e d  to  be s im i la r  in  ag e . The th ic k  t r a c h y te  on 

Xogh Pa Meyos (sq u a re  3359) i s  in  s t r u c t u r a l  c o n t in u i ty  w ith  th e  

K afkandal Complex.

A sso c ia te d  w ith  th e  Mugor T rac h y te s  i s  a  l i n e a r  swarm o f t r a c h y te  

dykes, t r e n d in g  s l i g h t l y  w est o f  n o r th ,  and ex ten d in g  from G hesato i 

to  Mugor.

The m a jo r i ty  o f  th e  t r a c h y te s  a re  fe ld s p a r -p h y r ic  and f i s s i l e  in  

hand specim en, and a re  u s u a l ly  s i lv e r y  o r g re y is h . Specimen 5/248 

c o n ta in s  q u a r tz  a s  e i t h e r  a  l a t e  s ta g e  p rim ary  o r secondary  m in e ra l. 

Specimen 5 /302  from  Kogh Ri Meyos c o n ta in s  p seudon ep h e lin es , and 

s o d a l i te  i s  re c o rd e d  from 5 /3 2 5 . The m a jo r ity  o f  th e  specim ens, 

however, c o n ta in  n e i th e r  q u a r tz  n o r f e ld s p a th o id .
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In  th i n  s e c t io n ,  th e  f e ld s p a r  p h e n o c ry s ts  a re  seen  to  be m ainly 

s a n id in e , a s  a re  th e  groundm ass f e ld s p a r s .  The p r in c ip a l  m afics  a re  

a e g ir in e  and b o th  b lu e  and brown p le o c h ro ic  am phibo les. P h enocrysts  

of p a le  g reen  d io p s id ic  a u g i te  a re  o c c a s io n a lly  p re s e n t .

A l te r a t io n  does n o t g r e a t ly  a f f e c t  th e  t r a c h y te s ,  a lth o u g h  in  

some c a se s  th e  m a fic s  a r e  r e p la c e d  by a  brow nish fe r ru g in o u s  m a te r ia l ,  

and th e re  i s  a  l i t t l e  z e o l i t e  in  th e  groundm assr

P y r o c la s t ic s  a re  a b se n t excep t fo r  a  th ic k  s i lv e r y  or w h itish  

agg lom erate  b en ea th  th e  t r a c h y te  a t  Mugor i t s e l f .  T h is  c o n s is ts  

m ainly o f w h it is h  o r  s i l v e r y  comminuted t r a c h y t ic  m a te r ia l  in  which 

a re  la rg e  b lo c k s  o f  t r a c h y te  and b a s a l t  x e n o l i th s  n e a r  th e  b a se .

2 . K afkandal V o lcan ic  Complex

T h is  i s  th e  o ld e s t  o f  th e  re c o g n iz e a b le  vo lcan o es in  th e  Kiddeh 

Group. I t s  p re s e n t  o u tc ro p  i s  ap p ro x im ate ly  c i r c u l a r ,  rough ly  5 niile,$' 

(8  km.) in  d ia m e te r , bu t th e  o r ig in a l  s iz e  must have been much g rea te r^  

s in c e  e ro s io n  h a s  c u t back th e  f la n k s  on th e  e a s t ,  so u th  a n d w s t s id e s .  

To the. n o r th ,  th e  f la n k s  a re  co n cea led  by younger ro ck s  o f th e  

Nasaken Complex.^

The K afkandal Complex in  th e  p re s e n t a re a  c o n s is ts  o f two u n i t s ,  

th e  Ngapawoi u n i t ,  and th e  Epong u n i t ,  which o v e r l ie s  th e  form er un

conform ably . In  W eaver's  a r e a ,  th e  even younger Moru A ngitak  u n i t  

passes  conform ably  up in t o  ro ck s  o f th e  Nasaken Complex. About 

2 ,0 0 0  f e e t  ( 6 lO m.) o f  v o lc a n ic s  a re  p re se n t in  th e  e n t i r e  complex.

The t r a c h y te s  g e n e r a l ly  a re  no t f e ld s p a th o id  b e a r in g , a lthough  

pseudo n ep h e lin es  a re  p re s e n t  in  la v a  a t  th e  base o f  th e  complex.

Q uartz i s  p re s e n t  i n  t r a c h y te s  h ig h e r  in  th e  complex, and th roughou t 

mu.ch o f th e  N asaken Complex (W eaver, o p . c i t . ) ,  where fe ld s p a th o id s  

cire a b s e n t .  P y r o c la s t ic s  a re  abundan t, e s p e c ia l ly  in  th e  Epong u n z t . 

•̂Ud in c lu d e  l a p i l l i  t u f f s  and w elded t u f f s .
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(a )  The Ngapawoi U nit

T h is  u n i t  o u tc ro p s  over th e  so u th e rn  and w este rn  p a r t s  o f th e

com plex, in  th e  p re s e n t  a r e a .  The e ru p tio n s  were i n i t i a l l y  from d is 

p e rse d  c e n t r e s .  H igher in  th e  u n i t ,  e ru p tio n  was from f i s s u r e s ,  so

t h a t  a  bi'oad, low a n g le  s h ie ld  was form ed.

The e a r ly  c e n t r e s  a re  exposed a t  th e  base o f th e  com plex, i n  th e  

c l i f f - l i k e  s e c t io n s  on th e  so u th  and w est s id e s  o f th e  com plex. 

A sso c ia te d  w ith  th e s e  c e n t r e s  a re  th i c k ,  s h o r t  f i s s i l e  t r a c h y te  f lo w s . 

and b lo c k  f lo w s . I n t e r c a l a t i o n s  o f pumice t u f f s  o ccu r, and i r r e g u l a r  

i n t r u s i v e  m asses o f  t r a c h y te .  One such c e n tr e  i s  exposed in  sq u are  

6552, i n  th e  w e s t- fa c in g  c l i f f s  which mark th e  p re s e n t edge o f th e  

com plex, and a n o th e r  a t  695509} in  a  r i v e r  s e c t io n .  At bo th  th e s e  

l o c a l i t i e s ,  th e  e a r l i e r  t r a c h y te s  a re  o v e r la in  by younger fl.ows e ru p te d  

from f i s s u r e s ,  F ig .  55»

In  th e  sou thw est p a r t  o f th e  com plex, th e  l a t e r  Ngapawoi t r a c h y te ^  

d i r e c t l y  o v e r l i e  th e  T ir io k o  B a s a l ts ,  so th a t  th e r e  a re  no i r r e g u l a r  

c e n t r a r  ty p e  e r u p t iv e s  b en ea th  th e  un ifo rm  la v a s ,  F ig .  54 .

S t r u c t u r a l l y ,  th e  Ngapawoi u n i t  r e p r e s e n ts  a  la rg e  s h i e l d - l i k e  

v o lc an o , w ith  ap p ro x im a te ly  r a d i a l l y  outw ard d ip s ,  P la te  X, t h a t  has 

been t i l t e d  e a s tw ard s  by 8 ^ -9 ° . The s te e p e s t  d ip s  in  th e  u n i t  a r e  

a c c o rd in g ly  i n  th e  s o u th e a s te rn  c o rn e r , where t r a c h y te s  d ip  about 2 0 °- 

25° e a s t  to  s o u th e a s t .  E ro s io n  h as  l a r g e ly  removed th e  w este rn  f la n k s  

o f th e  v o lc an o , so t h a t  on ly  a  sm a ll p a r t  o f  th e  p re s e n t  o u tc ro p  s t i l l  

d ip s  to  th e  w est o r n o r th w e s t.  F ig .  55 com pares th e  p re s e n t day 

s t r u c t u r e  w ith  th e  i n f e r r e d  o r ig i n a l  form , a f t e r  r e v e r s in g  th e  eastw ard  

t i l t .

The la v a s  in  th e  Ngapawoi u n i t  a r e  a l l  t r a c h y te s ,  p h o n o li te s  and 

b a s a l t s  b e in g  a b s e n t ,  F e ld s p a th o id , r e p la c e d  by brow nish z e o l i t e  (? )  

i s  p re s e n t  o n ly  in  5/250* Q uartz  i s  p re s e n t  in  a few la v a s  a s  a
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FIG .3 3  T h e  N g a p a w o i  unit  a t  6 9 5 5 9 0 ,  from a  f i e l d  s k e t c h .
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FIG. 3 4  N g a p a w o i  un it,  so u t h w e s t  K of k a n d a l ,  from a  field s k e t c h .
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secondary  o r l a to - s t a g e  p rim ary  m in e ra l.

Most o f th e  t r a c h y te s  a re  f i s s i l e ,  bu t in  some, th e  groundmass 

f e ld s p a r s  do n o t show t a x i t i c  t e x tu r e .  The la v a s  a re  u s u a l ly  porphy

r i t i c ,  commonly f e ld s p a r - p h y r ic ,  bu t f a y a l i t e  ( ? ) ,  d io p s id ic  a u g i te  

and an u n id e n t i f i e d  yellow  m in e ra l a l s o  occur a s  p h e n o c ry s ts . A lk a lin e  

am phiboles and a e g i r in e  a re  common a s  m afic m in e ra ls .  The t r a c h y te s  

o c c a s io n a lly  have g la s s y  bands and s t r e a k s  ( 5/ 2 5 2 ) ,  p a r a l l e l  to  th e  

p la n a r  flow  s t r u c t u r e .

P y r o c la s t ic s  a re  m ain ly  r e s t r i c t e d  to  pumice t u f f s ,  c o n ta in in g  

abundant f e ld s p a r  and o c c a s io n a l  d io p s id ic  a u g i te  frag m en ts , a l t e r e d  

t r a c h y t i c  l a p i l l i ,  and comminuted ash  and pum ice, r a r e l y  u n d e v i t r i f i e d » 

Welded t u f f s  a re  o n ly  o c c a s io n a l ly  p r e s e n t .

(b ) The Epong U nit

T h is  unconform ably  o v e r l i e s  th e  Ngapawoi u n i t .  The c o n ta c t 

betw een th e  two i s  more o r l e s s  c i r c u l a r  in  th e  a u th o r ’ s a r e a ,  bu t 

i t s  c o n t in u a tio n  in to  W eaver’ s a re a  i s  obscu red  by v o lc a n ic s  o f  th e  

Nasaken Complex, F ig ,  3 6 .

The form o f th e  v i s i b l e  p o r t io n  o f th e  u n i t ,  th e  h ig h  p ro p o r tio n  

o f p y r o c la s t ic s  w ith in  i t ,  and i t s  s te e p ly  inw ard  d ip p in g  w este rn  and 

so u th e rn  m arg ins i n d i c a te  t h a t  i t  i s  p ro b ab ly  a  c r a t e r ,  th e  fo rm atio n  

of which le d  to  th e  e v i s c e r a t io n  o f th e  Ngapawoi s h ie ld .

The w a lls  o f  th e  c r a t e r  a re  s te e p ly  in c l in e d  inw ards on th e  

w este rn  and s o u th e rn  m arg ins o f  th e  u n i t .  The p y r o c la s t ic s  d ip  inw ards 

a t  up to  4 0 ° . In  th e  e a s te r n  p a r t  o f  i t s  o u tc ro p , th e  Epong u n i t  

o v e r l i e s  a  t r a c h y te  mass w hich i s  i n f e r r e d  to  belong  to  th e  Ngapawoi 

u n i t .  T h is  i s  a p p a re n tly  n o t th e  e a s te rn  m argin of th e  c r a t e r ,  a s  

th e  t u f f s  o n ly  d ip  a t  a  low an g le  to  th e  w est, c o n s is te n t  w ith  a 

p o s i t io n  more o r l e s s  in  th e  c e n t r e  o f  th e  c r a t e r .  The in f e r r e d  

e x te n t o f  th e  u n i t  b en ea th  th e  Nasaken v o lc a n ic s  i s  shown in  F ig .  3 6 .



The p ro p o r t io n  o f  p y r o c la s t ic s  i n  th e  u n i t  i s  h ig h . The commonest; 

ro ck  ty p e  i s  a  w h ite  pumice l a p i l l i - t u f f ,  f r e q u e n t ly  c o n ta in in g  abun

dan t frag m en ts  o f f e ld s p a r .  Welded t u f f s ,  commonly l e s s  th a n  15 f t .

( 4 .5  rn.) th ic k  a re  a l s o  p r e s e n t .  T rach y te  la v a s  a re  p r e s e n t ,  p a r t i 

c u la r ly  i n  th e  upper p e a t o f th e  u n i t ,  o v e r ly in g  th e  p y r o c la s t i c s .

In  th e  w es te rn  p a r t  o f th e  o u tc ro p  o f th e  u n i t ,  th e  e a r l i e s t  

d e p o s its  a r e  w h ite  and yellow  pumice t u f f s ,  o v e r la in  by s e v e ra l  flow s 

o f t r a c h y te .  These flow ed ea s tw ard s  over th e  s te e p  w es te rn  m argin o f 

th e  c r a t e r ,  p resum ably  from a so u rce  o u ts id e  o f  i t ,  and i n t e r d i g i t a t e  

w ith  th e  p y r o c la s t i c s  in  i t .  F ig .  57» W ith in  th e  c r a t e r ,  an  e a r ly  

cone w ith  outw ard d ip s  i s  seen  in  a  s tream  s e c t io n  in  sq u are  7461 

b u r ie d  by th e  p y r o c la s t i c s ,  F ig .  57»

The t r a c h y te  la v a s  e ru p te d  on to  th e  p y r o c la s t i c s  have s in c e  been

a f f e c te d  by sm all l a n d s l ip s  and s u p e r f i c i a l  f a u l t s .

3 . The Kamungechot V o lcan ic s

T h is  i s  a  sm a ll o u tc ro p  o f t r a c h y t i c  la v a s  and t u f f s  abou t 2 

m ile s  (5  km.) so u th  o f K afkandal, o v e r ly in g  th e  T ir io k o  B a s a l ts ,  and 

o v e r la in  by th e  Tumungir B a s a l t .  I t  i s  n o t re c o g n iz e a b le  a s  a  c e n t r e ,  

and was p ro b ab ly  fo rm e rly  c o n tin u o u s  w ith  th e  K afkandal Complex. The 

two o u tc ro p s  a re  i n  f a c t  a lm ost co n n ec ted  v ia  th e  o u tc ro p s  o f  t r a c h y te  

a t  7 08561 , 708558  and 708551» These th r e e  o u tc ro p s  a re  a l l  seen  to  

o v e r l i e  th e  T ir io k o  B a s a l t s ,  e i t h e r  th e  o l iv in e - a u g i te - p h y r ic  o r  th e  

l e u c o c r a t i c  member.

The Kamungechot V o lcan ics  a re  p ro b ab ly  n o t more th a n  200 f t .  ( 6 l  m.)

th i c k .  They a r e  p r in c i p a l l y  t r a c h y te s ,  bu t t h i n  w elded t u f f s  and

l a p i l l i - t u f f s  a r e  a ls o  p r e s e n t . Specimen 5 /2 8 7  h as  sp a rse  s a n id in e  

p h e n o c ry s ts  and abundant sm a ll ye llo w  p h e n o c ry s ts , s im i la r  to  la v a s  

from th e  Ngapawoi u n i t  o f  th e  K afkandal Complex.

T here a re  two t r a c h y te  b o d ie s  a t  yoŜ ^O and 709538, th a t  d ip  a t
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60° so u th e a s tw a rd s . T h e ir  n o rth w est c o n ta c t  i s  marked by red d en in g  

o f th e  b a s a l t s ,  b u t n o t th e  s o u th e a s t  c o n ta c t .  I t  i s  n o t c e r t a in  

w hether th e y  a re  dykes r e l a t e d  to  th e  Kamungechot V o lc a n ic s , o r 

w hether th e y  a re  s te e p ly  in c l in e d  t r a c h y te  flow s in  th e  T ir io k o  

B a s a l t s .  The l a t t e r  a l t e r n a t i v e  ap p ea rs  more l i k e l y .

4 .  The Tumungir B a s a l ts

These were f i r s t  d is t in g u is h e d  on th e  so u th e rn  edge o f K afkandal, 

where th e y  r e s t  upon th e  eroded  f la n k s  o f  t h a t  com plex. Southw ards, 

th e y  o v e r l i e  th e  t r a c h y t i c  v o lc a n ic s  a t  Kamungechot, o v e rs te p p in g  

th e s e  to  r e s t  d is c o rd a n t ly  on T ir io k o  B a s a l ts ,  w ith  a w eathered  

su r fa c e  betw een th e  tw o. Three flow s a re  d i s t in g u is h a b le  on Tumungir -  

Kongo. The low er flow  has m o d e ra te ly  abundant o l iv in e  p h e n o c ry s ts , 

w h ile  th e  u pper two flow s a re  n o t v e ry  p o r p h y r i t i c .  They a re  each 

o n ly  abou t 15 f t .  (4 .5  m«) t h i c k ,  and d ip  v e ry  g e n t ly  e a s tn o r th e a s t -  

w ards. The la v a s  a re  b la c k , n o n -v e s ic u la r ,  and f r e s h  and u n a l te r e d .

k'outh o f  th e  Chepsawach R iv e r , some o f th e  Tumungir B a s a l ts  a re  

o l i v in e - p h y r ic ; bu t a r e  m ain ly  a p h y r ic ,  and i t  a p p e a rs  t h a t  on ly  th e  

upper flow s a re  p r e s e n t .  South  o f  1 °22 'N , p o s s ib ly  two flow s a re  

p r e s e n t ,  and i t  i s  n o t e n t i r e l y  c e r t a in  how f a r  e a s t  th e s e  ex ten d , 

b en ea th  th e  Ribkwo Complex,

The Ribkwo Complex i s  younger th a n  th e  Tumungir B a s a l ts ,  t h i s  

r e l a t i o n s h ip  b e in g  seen  i n  th e  n o r th e rn  end o f  T un tu lyon , F ig ,  5 8 .

At 6 9 1519 , th e  Tumungir B a s a l ts  a re  d is t in g u is h e d  from th e  T ir io k o  

B a s a l ts  by th e  s te e p e r  d ip  o f th e  l a t t e r .  F u r th e r  so u th , th e  d if fe re n c e  

in  d ip  i s  n o t so o b v io u s . N e v e r th e le s s ,  th e  Tumungir B a s a l ts  a re  

th o u g h t to  be s t i l l  p r e s e n t ,  r e p re s e n te d  p ro b ab ly  by a  s in g le  flow .

F ig .  39 shows th e  i n t e r p r e t a t i o n  o f  th e  s e c t io n  in  sq u a re s  685O and

6849.

At 683487 , th e r e  i s  a  poor exposure  o f  t r a c h y te  which i s  th o u g h t
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to  be b en ea th  th e  Tumungir B a s a l ts ,  and to  o v e r l ie  th e  T ir io k o  B a s a l ts ,  

and th u s  to  be o f th e  same age as  th e  w elded t u f f  a t  683501 i th e

same age th e r e f o r e  a s  th e  K afkandal Complex and Kamungechot V olcan icso

E astw ards th e  e x te n t o f th e  Tumungir B a s a l ts  i s  d i f f i c u l t  to  

a s s e s s .

They a re  p re s e n t  im m ed ia te ly  so u th  o f K afkandal a s  f a r  e a s t  a s  

36°04*E, a t  7 3 2 5 6 7 . South  o f  t h i s  l o c a l i t y ,  th e y  a re  a p p a re n tly  

a b s e n t,  and th e  b a s a l t s  b en ea th  th e  w elded t u f f  o f th e  Ribkwo Complex 

betw een sq u a re s  7252 and 725^ belong  to  th e  T ir io k o  B a s a l t s .  South  

o f sq u a re  7 2 5 2 , o l iv in e  b a s a l t s  appear w ith in  th e  b a s a l  flow s o f  th e  

Ribkwo Complex, f u r th e r  c o m p lic a tin g  th e  r e l a t i o n s .

A part from th e  th r e e  la v a  flow s w ith in  t h i s  fo rm a tio n , th e r e  i s  

a l im i t e d  o u tc ro p  o f  p y r o c la s t ic s  on Tumungir U dei. At 65156I ,  a  

g rey  t u f f  5 f t . ( 1 ,5  m ,) t h i c k ,  w elded in  i t s  c e n t r a l  p o r t io n ,  o ccu rs  

b en ea th  th e  b a s a l t .  At 700558, an ag g lo m éra ti c  h o r iz o n  15 f t .  (4 .5  m .) 

th ic k  o c c u rs , c o n ta in in g  s p in d le  bombs and s c o r ia  in  a  c ru d e ly  s t r a t i 

f i e d  m a tr ix .  I t  form s a d i s t i n c t  f e a tu r e ,  co n tin u o u s  over h a l f  a  

m ile  (0 ,8  1cm,)  o

5 . The Ribkwo V o lcan ic  Complex 

In tro d u c t io n

T h is  i s  a  la rg e  t r a c h y t i c  s h ie ld  v o lc an o , a t  l e a s t  2 ,500  f t .

(760  m ,) t h i c k ,  o f  ap p ro x im a te ly  e l l i p t i c a l  form . I t  m easures a t  th e  

p re s e n t  day abou t 30  m ile s  (48 km.) by 10  m ile s  ( I 6 k m .), be ing  

e lo n g a te d  i n  th e  n o r th - s o u th  d i r e c t i o n .  E ro s io n  has reduced  i t s  e x te n t 

on th e  w es te rn  and e a s te r n  s id e s ,  b u t th e  complex r e t a i n s  v e ry  n e a r ly  

i t s  o r ig i n a l  e x te n t  on th e  so u th e rn  and n o r th e rn  f la n k s .

The la v a s  a r e  m ain ly  t r a c h y te s ,  bu t m u g e a rite s  and o c c a s io n a l 

o l iv in e  b a s a l t s  a re  a l s o  p r e s e n t .  P y r o c la s t ic s  a re  abundan t, and 

in c lu d e  w elded t u f f s .
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S tra tig rg p h y _

The s t r u c tu r e s  o f  th e  complex change g r e a t ly  from th e  c e n t r a l  

zone in to  th e  f la n k s ,  making p r e c is e  c o r r e l a t i o n  d i f f i c u l t  among th e  

v a r io u s  e ru p tiv e  u n i t s .

N early  a l l  o f th e  c e n t r a l  zone i s  c o n ta in e d  in  McClenaghan*s 

a r e a .  W ith in  t h i s  zone, he re c o g n iz e s  15 c e n t r a l  u n i t s  (RBC^ -  RBC]_^) 

o f m ain ly  i r r e g u l a r  form , and o f te n  o f no g r e a t  l a t e r a l  e x te n t .  The 

a d jo in in g  flanlc zone i s  th e n  su b d iv id e d  in to  7 u n i t s ,  g e n e ra l ly  s t r a t i 

form , and o f te n  o f c o n s id e ra b le  l a t e r a l  e x te n t ,  McClenaghan eq u a te s  

th e  c e n t r a l  and p la te a u  u n i t s  a s  shown in  F ig .  40 .

The c o r r e l a t i o n  betw een th e s e  and th e  p re s e n t  w r i t e r 's  4 u n i t s  

] s a l s o  shown. B efo re  c o n s id e r in g  th e  h i s to r y  o f  th e  complex in  th e  

p re s e n t  a r e a ,  m ention w i l l  be made o f th e  s t r u c t u r e  o f th e  complex a s  

a w hole.

Two p r in c ip a l  p a r t s  a r e  re c o g n iz e d : th e  c e n t r a l  zone and th e  

f].ank zone.

The c e n t r a l  zone i s  a lm ost e n t i r e l y  co n fin e d  to  M cClenaghan' s 

a r e a .  I t  c o n s i s t s  o f a s e r i e s  o f t u f f s  and t r a c h y te s  o f g e n e ra l ly  

i r r e g u l a r  form . Welded t u f f s  a r e  uncommon. T rach y te  la v a s  appear to  

have been f a i r l y  v is c o u s  a t  th e  tim e  o f  em placem ent. The p y r o c la s t ic s  

a re  m ain ly  w h ite  o r  cream c o lo u re d  pumice t u f f s .  Dykes, p lu g s  and 

l e s s  r e g u la r  in t r u s i v e  b o d ie s  a re  common.

The £ la n k  ^ o n ^ i s  c h a r a c te r iz e d  by r e g u la r ly  s t r a t i f i e d  d e p o s i ts ,  

P la te  X I, e ru p te d  bo th  from so u rces  a s s o c ia te d  w ith  th e  c e n t r a l  zone 

and from dykes o c c u rr in g  on th e  im m ed ia te ly  a d ja c e n t f la n k s .  The 

freq u en cy  o f dykes d e c re a se s  s y s te m a t ic a l ly  away from th e  c e n t r a l  zone.

W ith in  th e  c e n t r a l  zone i n  c o n t r a s t  to  th e  f la n k s ,  f a u l t in g  i s  

e i t h e r  a b se n t o r n o t r e c o g n iz e a b le .  In  th e  p re s e n t a r e a ,  th e  f a u l t s  

a re  a l l  norm al f a u l t s  t r e n d in g  n o r th n o r th e a s t , r e f l e c t i n g  th e  r e g io n a l  

t r e n d  o f  th e  r i f t  a s  a  w hole.
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G e n e ra lly , i t  seems t h a t  th e  c e n t r a l  and f la n k  zones were formed

by s im u ltan e o u s  e ru p t io n s ,  bu t o f a d i f f e r e n t  n a tu re  and env ironm ent.

The h i s to r y  o f th e  complex in  th e  p re s e n t a r e a  w i l l  be d e a l t  w ith

in  th e  fo llo w in g  o rd e r :

( f )  Kariamangro C a ld e ra

(e )  L o k i te t  c r a t e r

(d ) T i l t i n g

(c )  K ab la ton  u n i t

(b ) Ribkwo main s h ie ld

(a )  N atu re  o f sub-Ribkwo s u r f a c e .

F ig ,  4 l  i l l u s t r a t e s  th e  g e n e ra l  d is p o s i t io n  o f each o f th e  m ajor u n ii.c .

and th e  e x te n t  to  w hich e ro s io n  has m od ified  th e  com plex,

(a )  N atu re  o f  sub-Ribkvro S u rface

The s u r fa c e  on w hich th e  Ribkwo Complex r e s t s  i s  one o f  c o n s id e ra b le  

r e l i e f ,  some o f which i s  und o u b ted ly  th e  e f f e c t  o f  e a r l i e r  and contem 

p o ra ry  movements. M ention h as  a l re a d y  been made o f th e  Chepkoi ( p . 47) 

and Chem artos (p»47 ) f a u l t s ,  and th e  i n f e r r e d  p re sen ce  o f th e  tro u g h  

betw een th e  t ’wo. T here i s  ev id en ce  o f  e ro s io n  and d is s e c t io n  o f  these.

fauD.t s c a rp s  b e fo re  th e  e ru p tio n  o f th e  Ribkwo V olcano, At 672422,

th e r e  i s  a  sm a ll o u tc ro p  o f f i s s i l e  s o d a l i t e - p h o n o l i t i c  t r a c h y te ,  a t  

3 ,5 0 0  f to  OjD, The t r a c h y te s  n o r th  and so u th  o f t h i s  a re  a t  4 ,0 0 0  f t ,  -  

4 ,200  f t ,  O .D ., im p ly in g  th e  p re sen ce  o f  a  r i v e r  v a l le y  abou t 800 f t ,

(245 m .) deep , t r a v e r s in g  th e  Chepkoi f a u l t  s c a rp .

The c ro s s  s e c t i o n s , . F ig ,  42 , in d i c a te  th e  d i f f e r e n c e s  in  form o f 

th e  sub-Ribkwo s u r f a c e ,  from n o r th  to  so u th .

The e ro s io n  w hich a f f e c te d  th e  T ir io k o  B a s a l ts  a ls o  a f f e c te d  th e  

K afkandal Complex, so t h a t  th e  n o rth e rn m o st w elded t u f f s  o f  th e  Ribkwo 

Complex r e s t  on a  pedim ent c u t back in to  th e  so u th e rn  f la n k s  o f 

K afkandal, se e  F ig ,  43 and P la te  X II ,

I t  i s  w orth  n o tin g  th a t  t h i s  pedim ent was formed b e fo re  th e
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e ru p tio n  o f  th e  Tumungir B a s a l t ,  which was c lo s e ly  fo llo w ed  by th e  

e a r l i e s t  p h ases  in  th e  b u ild -u p  o f  th e  Ribkwo Complex,

(b ) Ribkwo main s h ie ld

T h is  i s  e s s e n t i a l ] y a  v e ry  low an g le  s t r a to v o lc a n o .  I t  i s  com

posed p r in c i p a l l y  o f flow  banded and f i s s i l e  s l i g h t l y  u n d e rs a tu ra te d  

t r a c h y te s .  P y r o c la s t ic s  a re  abu n d an t, in c lu d in g  l a p i l l i - t u f f s ,  

f in e r - g r a in e d  t u f f s ,  and w elded t u f f s .  O liv in e  b a s a l t s  and m u g e a rite s  

a re  p re s e n t  in  sm a ll am ount, p r in c i p a l l y  n e a r  th e  base o f  th e  u n i t .

Each li th e so m e  i s  g e n e r a l ly  t a b u la r  in  form , bu t a i r  f a l l  t u f f s  

may show i r r e g u l a r i t i e s  when th e y  b la n k e t e a r l i e r  to p o g ra p h ie s .

C o r r e la t io n  from one p a r t  o f th e  f la n k  zone to  a n o th e r  i s  h in 

dered  by th e  f a c t  t h a t  around  sq u are  7^30, th e  T ir io k o  B a s a l ts ,  

Tumungir B a s a l ts ,  and b a s a l t  la v a s  low in  th e  Ribkwo Complex a re  in  

d i r e c t  c o n ta c t  w ith  each o th e r ,  so cannot be s e p a r a te ly  d is t in g u is h e d .  

Thus i s  i t  by no means c e r t a in  where th e  t r u e  base o f  th e  complex 

a c tu a l ly  o c c u rs  i n  t h a t  a r e a ,  N e v e rth e ss , F ig .  44 , a  re p ro d u c tio n  o f 

p a r t  o f th e  main map o f  th e  a r e a  on a  s c a le  o f  1 : 2^ , 0 0 0 , r e p re s e n ts  

th e  most l i k e l y  m odel.

The e a r l i e s t  e ru p t io n s  were th o se  w est o f  th e  Chem artos f a u l t ,  

and c o n s is t  m ain ly  o f t r a c h y te s  w ith  in t e r c a l a t e d  t u f f s  and a t  l e a s t  

3 o l iv in e  b a s a l t  l a v a s ,  exposed i n  th e  Chemukol R iv e r .  A sequence 

th o u g h t to  be s im i la r  in  age o ccu rs  i n  squ are  7 2 3 0 , a.nd c o n s is t s  o f 

a  b a s a l  t u f f ,  o v e r la in  by two b a s a l t s  w ith  an in t e r c a l a t e d  t r a c h y te .

These t r a c h y t e / b a s a l t  e ru p tio n s  were fo llo w ed  up by t r a c h y t e / t u f f  

e r u p t io n s ,  q u i te  conform ably  w est o f  th e  Chem artos f a u l t ,  bu t w ith  a  

s l i g h t  u n co n fo rm ity  e a s t  o f  i t ,  d e te c ta b le  a t  725308, see  F ig ,  45 .

S im ila r  r e l a t i o n s  a re  seen  so u th  o f  th e  Chemukol R iv e r , The 

s u c c e s s io n s  e i t h e r  s id e  o f th e  unnamed stream  a t  718478 a re  d i f f e r e n t .  

F ig ,  46 shows th e s e  s u c c e s s io n s , and th e  p roposed  i n t e r p r e t a t i o n .
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The d is c o n t in u i ty  betw een th e  t r a c h y t e / b a s a l t / t u f f  sequence and 

th e  t r a c h y t e / t u f f  sequence in  F ig ,  46 i s  th e  same a s  t h a t  in  F ig .  45-

The youngest ro ck s  in  th e  Ribkwo main s h ie ld  n o r th  o f  th e  Chemukol 

R iv e r a re  th o s e  i n  th e  h i l l  C h e re lg a t (sq u a re  7349) in  which i s  a 

s in g le  flow  o f a p h y r ic  o l iv in e  b a s a l t .  The su c c e s s io n  a t  C h e re lg a t 

i s  shown in  F ig ,  47 ,

T here i s  a  g e n e ra l in c re a s e  in  th ic k n e s s  from n o r th  to  so u th , 

from th e  n o r th e rn  l i m i t s  o f  th e  complex to  n e a r  th e  Chemukol R iv e r , 

see  F ig., 4 8 .

S outh  o f th e  Kamosing R iv e r , th e  sequence becomes much th i c k e r .  

Pumice t u f f s  a re  s c a rc e ,  bu t th ic k  t r a c h y te s  a re  p r e s e n t ,  w ith  i n t e r 

c a la te d  w elded t u f f s ,  and r a r e  o l iv in e  b a s a l t s .  The t r a c h y te  flow s 

a re  n o t alw ays ex p re sse d  a s  s e p a ra te  f e a tu r e s ,  bu t a re  d is t in g u is h a b le  

by th e  o ccu rren c e  o f s c o r ia c e o u s  flow  to p s .  South  o f l^ lS 'N ,  b lo ck  

la v a s  o r a u to b re c c ia s  ap p ea r in  th e  s u c c e s s io n . I t  i s  i n f e r r e d  th a t  

t h e i r  p re se n c e  r e f l e c t s  th e  g e n e ra l tend en cy  f o r  th e  la v a s  to  in c re a s e  

in  v i s c o s i t y  n e a re r  th e  c e n t r a l  zone.

The th r e e  colum ns i n  F ig ,  49 a re  ta k e n  a t  w ide ly  spaced  i n t e r v a l s ,  

and show th e  v a r i a t i o n  in  r e l a t i v e  p ro p o r tio n s  o f  th e  m ajor ro ck  ty p e s  

from one p a r t  o f  th e  u n i t  to  a n o th e r .

I t  i s  d i f f i c u l t  to  c o r r e l a t e  u n i t s  WT1,2,3 e t c . ,  e s ta b l is h e d  

n o r th  o f  th e  Chemukol R iv e r , w ith  w elded t u f f s  so u th  o f th e  Kamosing 

R iv e r .  I t  i s  su g g e s te d  th a t  th e  w elded t u f f  a t  722468, p ro b ab ly  WT2, 

was fo rm e rly  in  co n n e c tio n  w ith  th a t  a t  723451. The th ic k  welded 

t u f f  a t  734462 i s  p o s s ib ly  WT3.

Im m edia te ly  n o r th  o f 1 °1 5 ’N, much o f  th e  o u tc ro p  o f  th e  Ribkwo 

main s h ie ld  h a s  been obscu red  by th e  L o k i te t  C ra te r  u n i t ,  McClenaghan’ a 

u n i t s  RBC^, RBCg, and RBP^ a re  t r a c e a b le  i n to  th e  p re s e n t a re a ,  a lth o u g h  

th e  p re s e n t  w r i t e r  f a i l e d  to  f in d  any s ig n i f i c a n t  b reak  between RBC  ̂

and EBPj, RBCg i s  a c r y s t a l  t u f f ,  r i c h  in  s a n id in e  c r y s t a l s .  T h is  i s
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o v e r la in  by M cC lenaghan's u n i t s  RBPj^ and w hich a re  l a t e r a l l y

e q u iv a le n t ,  and to g e th e r  c o n s t i tu t e  th e  K ablaton  u n i t  in  th e  p re s e n t 

a r e a .

In  McClenaghan’ s a r e a ,  th e  upper su r fa c e  o f th e  main s h ie ld  form s 

an e a s tw a rd -d ip p in g  g e n t ly  u n d u la tin g  p la te a u ,  o f te n  capped w ith  a 

th ic k  re d  sandy s o i l .  N orth  o f 1 °1 ^ ’N, t h i s  p la te a u  becomes in c r e a 

s in g ly  d is s e c te d  bu t i s  p re se rv e d  a g a in  a lo n g  th e  w este rn  o u tc ro p s  o f 

th e  complex a t  C hem irre t and T u n tu ly o n . On T un tu lyon , p re s s u re  r id g e s  

on th e  t r a c h y te  flow  in  sq u are  6y48 can be seen , in d ic a t in g  d e r iv a t io n  

from th e  s o u th e a s t ,

(c )  The K ab laton  U nit

When th e  complex a s  a  whole i s  view ed from h ig h  up on K afkandal, 

i t  can be seen  t h a t  th e  h i l l s  K ab la to n , N adangat and L o ju i t  p r o je c t  

n o t ic e a b ly  above th e  g e n e ra l  l e v e l  o f th e  p la te a u  r e f e r r e d  to  in  th e  

p rece d in g  p a ra g ra p h . I t  i s  th u s  in f e r r e d  t h a t  th e y  c o n s t i tu t e  a  u n i t  

younger th a n  th e  main s h ie ld ,  conform able to  i t ,  bu t l e s s  e x te n s iv e .  

There i s  noangul cx,r u n co n fo rm ity  a t  th e  base o f  th e  u n i t ,  though 4 f t .

( 1 .3  m ,) o f re d  sandy s o i l s  a r e  p re s e n t  a t  706402, R o o tle ts  occur in

a  s im i la r  re d  bed a t  726599* These re d  s o i l s  o v e r l i e  a  t u f f ,  w elded 

in  p a r t s ,  which lo c a l l y  a p p e a rs  to  be th e  youngest r e p r e s e n ta t iv e  o f 

th e  main s h ie ld ,  and which i s  t r a c e a b le  b en ea th  N adangat, th e  n o r th  

end o f  L o ju i t ,  and th e  n o r th e rn  edge o f  K ab la to n .

Th.e K ab la ton  u n i t  c o n s i s t s  m ain ly  o f t h i c k ,  t a b u la r  t r a c h y te

flo w s , see  F ig .  3 O0

At 712393 , t r a c h y te s  a re  p re s e n t  o v e r ly in g  t u f f s  o f u n i t  RBCg, 

South  o f  t h i s ,  a t  713383, th e  t r a c h y te  i s  l o c a l l y  o v e r la in  by a  welded 

t u f f ,  pumice t u f f s ,  and a  f u r th e r  t r a c h y te .  The lo w est t r a c h y te  a t  

t h i s  l o c a l i t y  o v e rs te p s  th e  t u f f s  o f  RBCg a t  709386 to  r e s t  u n co n fo r- 

mably on b lo c k  la v a s  a s s ig n e d  to  RBC^.
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I t  i s  p o s s ib le  t h a t  th e  h ig h e r  p a r t s  o f t h i s  u n i t  in  K ablaton  

i t s e l f  a r e  l a t e r a l  e q u iv a le n ts  o f M cC lenaghan's p la te a u  u n i t s  I I I  and 

IV, bu t no d i r e c t  co n n ec tio n  i s  se e n .

(d ) E astw ard  t i l t i n g  o f th e  Ribkwo Complex

T h is  i s  i n f e r r e d  to  have ta k e n  p la c e  a f t e r  th e  b u ild -u p  o f th e  

main s h ie ld  and K ablaton  u n i t s ,  bu t b e fo re  th e  fo rm atio n  o f th e  L o k ite t  

c ra b e r  and K arianang ro  c a ld e ra .

The t r a c h y te s  on th e  w este rn  edge o f th e  p la te a u  in  M cClenaghan's 

a r e a  a re  th o u g h t to  have been la r g e ly  d e r iv e d  from c e n t r e s  to  th e  e a s t .  

Tne eas tw ard  d ip s  o f  th e s e  p la te a u  t r a c h y te s  a re  th u s  in f e r r e d  to  be 

secondaryo

S im i la r ly ,  th e  t r a c h y te  in  sq u are  6y48 on T untu lyon  in  th e  p re s e n t 

a r e a  d ip s  g e n t ly  o a s tn o r th e a s t , bu t i t  ap p ea rs  to  have had i t s  o r ig in  

in  th e  s o u th e a s t .  I t s  p re s e n t  a t t i t u d e ,  and t h a t  o f th e  p la te a u  in  

M cClenaghan’ s a r e a ,  i s  s a t i s f a c t o r i l y  e x p la in e d  i f  an eas tw ard  t i l t  

o f 3 ^ -6 °  h as  been im p arted  to  th e  complex..

An a n a ly s i s  o f  th e  d ra in a g e  p a t te r n s  developed  on th e  complex 

a l s o  in d i c a te  an eas tw ard  t i l t  o f t h i s  n a tu re ,  see  pp. IO3  to  106.

(e )  L o k i te t  C ra te r  U nit

T h is  i s  a  ro u g h ly  c i r c u l a r ,  s te e p - s id e d  d e p re s s io n , th e  ro ck s  in  

which a re  composed m ain ly  o f  pumice t u f f s .  T ra c h y te s  a re  p re s e n t ,  

and o c c a s io n a l  w elded t u f f s ,  and th e  su c c e s s io n  i s  a t  l e a s t  1 ,2 0 0  f t .  

(360  m.) t h i c k .

The w es te rn  w a ll o f  th e  c r a t e r  i s  f a i r l y  w e ll p re se rv e d . At 

7 2 3383 , pumice t u f f s  o f u n i t  RBC-j_2 d ip  a t  up to  40° o f f  o ld e r  tr a c h y te s ^  

The w a ll  i s  in c l in e d  inw ards a t  abou t 70°* N orthw ards, in to  th e  p re s e n t 

a r e a ,  i t  i s  n o t q u i te  so s te e p ,  bu t t u f f s  o f  th e  L o k ite t  u n i t  a re  

s te e p ly  banked a g a in s t  o ld e r  t r a c h y te s  in  th e  so u th e a s t co rn e r  o f 

sq u a re  4340.



The n o r th e rn  w a ll h as  been e l im in a te d  by th e  fo rm atio n  o f  th e  

K ariam angro c a ld e r a .  The e n t i r e  e a s te rn  h a l f  o f  th e  c r a t e r  has been 

removed by e ro s io n , bu t t r a c h y te s  a s s ig n e d  by McClenaghan to  u n i t  

RBCii ap n ea r from b en ea th  th e  c r a t e r  d e p o s i t s ,  and a p p a re n tly  r e p re s e n t  

th e  c r a t e r  f l c o r .  S im ila r  ex p o su res  o f th e  c r a t e r  f lo o r  occu r a t  

740388  and a t  743397.

The s u c c e s s io n  c o n s i s t s  m ain ly  o f pumice t u f f s .  F ig .  31 i s  an 

i l l u s t r a t i v e  s e c t io n  from L o k i te t  i t s e l f .

The t r a c h y te  and w elded t u f f  h o r iz o n s  have s u f f e r e d  much la n d -  

s l ip p in g ,  so t h a t  o u t l i e r s  o f them occur a t  v a ry in g  h e ig h ts  and a t t i 

tu d e s ,  P la te  X I I I ,  At 772393  and 779389, t r a c h y te s  have s l ip p e d  o f f  

th e  pumico t u f f s  on to  o ld e r  t r a c h y te s  o u ts id e  th e  c r a t e r .  I t  i s  

th u s  i n f e r r e d  t h a t  t h i s  la n d s l ip p in g  i s  o f co m p a ra tiv e ly  r e c e n t  d a te ,  

and was i n i t i a t e d  by th e  rem oval o f th e  s o f t e r  t u f f s  subsequen t to  

th e  e ro s io n  o f th e  e a s te r n  s id e  o f th e  complex a s  a  w hole.

( f )  K ariam angro C a ld e ra

T h is  u n i t  o f  th e  Ribkwo Complex l i e s  w ho lly  w ith in  th e  p re s e n t 

a r e a .  I t  i s  a  ro u g h ly  e l l i p t i c a l  c a ld e ra ,  m easuring  2^ m ile s  (4 km.) 

on th e  n o r th - s o u th  a x i s ,  and a t  l e a s t  2-J m ile s  (4 km .), p ro b ab ly  over 

4 m ile s  (6-̂ - km,) on th e  e a s t-w e s t  axi s .  The e n t i r e  e a s te rn  s id e  o f 

th e  c a ld e r a  i s  e i t h e r  co vered  by younger v o lc a n ic s  o f th e  Nasaken 

Complex, o r removed by e ro s io n .  F ig .  3 2 .

( i )  The R ing F a u lt

The bounding f a u l t  i s  w e ll p re s e rv e d  a lo n g  th e  so u th e rn  edge o f 

th e  c a ld e ra ,  where th e r e  i s  a  zone o f b r e c c ia t io n  up to  100 f t .  (31  )

wide a s s o c ia te d  w ith  i t .  I t  c u ts  a c ro s s  t u f f s  and t r a c h y te s  o f  th e  

L o k i te t  C ra te r  u n i t ,  and a l s o  a c ro s s  even e a r l i e r  t r a c h y te s ,  between 

769393  und 7 813 9 3 . These e a r l i e r  t r a c h y te s  th em se lv es  in c lu d e  b lo c k - 

la v a s  and a u to b re c c ia s  which have been f u r th e r  fragm en ted  by a c t i v i t y
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a s s o c ia te d  w ith  th e  c a ld e ra  f a u l t .  F ig .  i s  a  s e c t io n  a c ro s s  th e  

so u th e rn  p a r t  o f th e  f a u l t .

A sso c ia te d  w ith  t h i s  p a r t  o f th e  f a u l t ,  and now t r a n s e c te d  by i t ,  

i s  a  sm a ll v e n t ,  w hich p ro b ab ly  e ru p te d  e a r ly  in  th e  h i s to r y  o f th e  

K ariam angro c a ld e r a .  The la v a  a t  76^40$ ap p ea rs  to  be a s s o c ia te d

w ith  i t .  West o f  752401, tv/o sm all f a u l t s  ex tend  in to  o ld e r  fo rm a tio n s ,

but th e  main r in g  f a u l t  t r e n d s  northw estw ards and th e n  n o rth n o rth w e s t-  

w ards, th ro u g h  a  f a i r l y  sh a rp  angle» From h e re ,  a s  f a r  a s  about 758425, 

th e  f a u l t  i t s e l f  i s  n o t exposed, n e i th e r  i s  th e r e  any b r e c c ia t io n  

w ith in  th e  e a r l i e r  ro c k s . Along t h i s  s e c to r  th e  c a ld e ra  t u f f s  d ip  

inw ards o f f  th e  t r a c h y te s  a t  an g le s  o f u s u a l ly  l e s s  th a n  30° =

The n o r th e rn  p a r t  o f th e  f a u l t  i s  q u i te  com plex. There i s  ag a in  .

much b r e c c ia t io n  o f  th e  co u n try  ro ck , which lo c a l ly  c o n s is ts  o f f i s s i l e  

t r a c h y te  la v a s  and b lo c k  la v a s ,  bu t l i t t l e  in t r u s io n  o f new m a te ria l»

I t  ap p ea rs  t h a t  la v a  ay have w e lled  ou t from  th e  f a u l t  o r a s s o c ia te d  

f i s s u r e s  s in c e  a t  7^7424, b lo c k  la v a s  o v e r l ie  th e  c a ld e ra  t u f f s ,

l i i )  The C a ld e ra  S u ccess io n

T h is  c o n s i s t s  p r in c i p a l l y  o f pumice t u f f s ,  w ith  minor tr a c h y te  

la v a s  and w elded t u f f s .  L ahars  occur in  th e  southw est c o rn e r . Lavas 

a re  a ls o  p r e s e n t ,  c o n fin e d  alm ost w holly to  th e  e a s te rn  h a l f  o f  th e  

v i s i b l e  s u c c e s s io n .

The f lo o r  o f  th e  c a ld e ra  i s  n o t exposed in  th e  w est, bu t may be 

exposed b en ea th  P a t i v a t ,  where t r a c h y te s  occur beneath  g e n t ly  westward" 

d ip p in g  t u f f s .

In  th e  w est o f  i t s  o u tc ro p , th e  c a ld e ra  su c c e ss io n  c o n s is ts  

p r in c ip a l ly  o f  y e llo w ish  pumice t u f f s ,  w ith  su b o rd in a te  welded t u f f s .  

These d ip  r a d i a l l y  inw ards a t  up to  30°. T ra c h y te s , i n t e r c a l a te d  in  

th e  s u c c e s s io n , o ccu r a t  754418 and 757420.

In  sq u are  7540 th r e e  b o u ld e r-b e a r in g  h o rizo n s  a re  in te r c a l a te d
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i n  th e  pumice t u f f s .  The h ig h e s t  and low est a r e  composed o f  an g u la r 

to  su b an g u la r b lo c k s  o f t r a c h y te  and welded t u f f  up to  4 f t .  (1 .3  m.) 

wide i n  aji i l l s o r t e d  m a tr ix ,  P la te  XIV. They a re  about 10 f t .  (3 ra.) 

th ic k ,  and have a s u r fa c e  a re a  o f about 0 .9  sq u are  m ile s  ( c . 2 .3  sq .k m .) . 

They a re  c o n s id e re d  to  be la h a r s  (Van Bemmelen, o p .c i t . ,  p . l 9 l ) ,  and 

th e  la rg e  b lo c k s  o f t r a c h y te  and w elded t u f f  a re  thou g h t to  have been 

d e riv e d  from th e  L o k i te t  c r a t e r  su c c e s s io n . The fo rm atio n  o f K aria - 

mangro C a ld e ra  would p ro v id e  th e  n e c e ssa ry  c o n d itio n s  o f i n s t a b i l i t y ,  

and a  t o r r e n t i a l  ra in s to rm  co u ld  t r i g g e r  o f f  th e  l a h a r , s a tu r a t in g  th e  

pumice t u f f s  w ith  w a te r , and re n d e r in g  th e  th ic k  t r a c h y te  and welded 

t u f f s  l i a b l e  to  c o l la p s e ,  a s  env isaged  in  F ig .

T h is  i s  com parable to  th e  Sabinyo Boulder D ep o s it, on th e  f la n k s  

o f Sabinyo v o lcan o  i n  Uganda (Combe & Simmons 1933, p p .35-39)* Blocks 

in  t h i s  c o n s i s t  o f o n ly  one ro ck  ty p e  bu t th e  a u th o rs  co n s id e r  th a t  

in  view o f  i t s  age r e l a t i o n s  w ith  th e  su rro u n d in g  vo lcan o es , i t  was 

produced when i t s  p a re n t  vo lcano  was a lre a d y  in  a  c o n s id e ra b le  s t a t e  

o f d is s e c t io n ,,

C o n tra s t in g  w ith  th e s e  two la h a r s ,  th e  m iddle b o u ld e r-b e a rin g  

h o riz o n  i s  th o u g h t to  be a  la d u  (Van Bemmelen, o p ,c i t . ,  p . l 9 l )  • I t  

c o n s is ts  w ho lly  o f  a n g u la r  b lo ck s  o f t r a c h y te  up to  about 3 f t .  ( l  m.) 

a c ro s s ,  i n  a  p o o r ly  s o r te d  groundmass composed p r in c ip a l ly  o f comminuted 

tra c h y te #  T h is  i s  i n t e r p r e te d  a s  being  th e  b a s a l p o r tio n  o f an in c an 

descen t a v a la n c h e . Such d e p o s its  a re  formed when a  v isco u s  la v a  i s  

e ru p te d  on to  a  f a i r l y  s te e p  s lo p e , so th a t  d u ring  flow age, i t  b reaks 

up, r e le a s in g  g a se s  and undergo ing  a u to b re c c ia t io n  a s  i t  does so . I f  

o f s u f f i c i e n t  s i z e ,  such av a lan ch es  g iv e  r i s e  to  c o n s id e ra b le  clouds 

o f d u s t and g a s , w hich h over above th e  avalanche on i t s  downward p a th . 

These a r e  th e  ’’n u ées  a rd e n te s  d 'a v a la n c h e ” a s  opposed to  "nuees 

a rd e n te s  d ’ e x p lo s io n  v u lc a n ie n n e s"  which o r ig in a te  from w ith in  th e  

c r a t e r .
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These b o u ld e r h o r iz o n s  a re  o v e r la in  by yellow  pumice t u f f s  w ith  

th i n  in e x te n s iv e  w elded t u f f s ,  and which c o n ta in  abundant s i l i c i f i e d  

wood around 737410.

W ith in  th e s e  pumice t u f f s  a re  v e ry  f in e - g r a in e d  mudstone h o r iz o n s , 

w h ite  o r g rey , v e ry  com pact, and w ith  t h in  g r i t t y  lam in ae . These a re  

c o n s id e re d  to  be ash  and f in e - g r a in e d  e je c te d  m a te r ia l ,  d e p o s ite d  

p ro b ab ly  in  a  tem porary  la k e .  Such sed im en ts  a re  r e s t r i c t e d  in  e x te n t ,  

bu t o ccu r a t  739401 and 762403, up to  4 f t .  ( 1 .3  m .) t h i c k .  E lse 

w here, th e y  o ccu r a s  im p e r s is te n t  le n s e s .

Lavas a re  more abundant in  th e  e a s te r n  h a l f  o f th e  su c c e s s io n .

The v e n t on th e  so u th e rn  edge ap p ea rs  to  have g iv en  r i s e  to  a  flow  

in  which w elded t u f f  i s  p re s e n t  in  th e  upper p a r t ,  and t r a c h y te  i n  th e  

lo w er. Such flow s w ith  mixed te x tu r e  occur a ls o  around 726408, down 

to  o n ly  8 f t .  (2 .4  ra.) t h i c k ,  and in d i c a te  t h a t  th e  o r ig in a l  e ru p tio n  

was a  su sp e n sio n  o f  g la s s y  d r o p le t s ,  which s o l i d i f i e d  p a r t l y  in  a 

v i t r e o u s  s t a t e ,  and p a r t l y  in  a  h o lo c r y s t a l l i n e  s t a t e .

Âround 768426 a re  b lo c k  la v a s  o v e r la in  by f i s s i l e  t r a c h y te s .

T h is  assem blage o v e r l i e s  th e  c a ld e ra  t u f f s ,  and ap p ea rs  to  have been 

e ru p te d  from th e  r in g  f a u l t  i t s e l f ,  a t  o r n e a r  769428, where th e r e  a re  

th i c k  acc u m u la tio n s  o f s t r u c t u r e l e s s  t r a c h y t ic  b r e c c ia .  The t r a c h y te s  

o v e r ly in g  th e  b lo ck  la v a  d ip  southw ards a t  low a n g le s ,  and e v e n tu a lly  

o v e rs te p  th e  b lo c k  la v a s  to  r e s t  d i r e c t l y  on pumice t u f f s ,  in  th e  h i l l  

N g a tu te . O ther o u tc ro p s  o f b lo c k  la v a  and f i s s i l e  t r a c h y te  occur in  

sq u are  7741, so u th  o f  P a t i v a t ,  a f f e c te d  in  p a r t  by th e  passage o f 

v o l a t i l e s ,  w hich have lo c a l l y  reduced  th e  t r a c h y te s  to  a  re d d is h , 

f in e r - g r a in e d  seco n d ary  m a te r ia l .

In  th e  s o u th e a s t  c o rn e r  o f  th e  c a ld e ra ,  t r a c h y te s  up to  60 f t .

( l 8 m.) th i c k  a re  exposed , a s s o c ia te d  w ith  b lock  la v a s ,  w elded t u f f s  

and pumice t u f f s .
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( i i i )  I n t r u s io n s  and r e l a t e d  a c t i v i t y

I n t r u s io n s  o f t r a c h y te  a re  num erous, a lth o u g h  none can be c i te d  

a s  d e f in i t e  so u rc e s  o f la v a .  A f a i r l y  la rg e  s t r u c t u r e l e s s  p lu g  o f 

c o a r s e ly  p o r p h y r i t ic  t r a c h y te  o ccu rs  in  sq u are  7740, bu t most o f th e  

i n t r u s i v e  b o d ie s  a re  p a r a l l e l  and v e r t i c a l  s id e d  dykes, r a r e l y  more 

th a n  13 f t .  (4 .6  m.) w ide. These have no e f f e c t s  on th e  t r a c h y te s  and 

pumice t u f f s ,  bu t a t  763412, th e  f in e - g r a in e d  sed im en ts  a re  baked to  

a p o rc e lla n o u s  f in e - g r a in e d  o f f -w h ite  m a te r ia l ,  up to  10 f t .  (3 m .) 

away from th e  dyke. S im i la r ly ,  th e  pumice t u f f s  im m ediate ly  w est o f 

th e  la r g e  i n t r u s i o n  n o te d  above a re  p a r t i a l l y  in d u ra te d  and n o t ic e a b ly  

red d en e d .

The r e l a t e d  a c t i v i t y  ta k e s  th e  form o f  f i s s u r e s  a lo n g  which g ases  

have been a c t iv e ,  s t a in in g  and som etim es d e s tro y in g  th e  bedding of 

th e  ro c k s  th ro u g h  which th e y  p a s s .  No a c tu a l  in t r u s io n  o f  magma seems 

to  have ta k e n  p la c e ,  how ever. T h is  a c t i v i t y  h as  o ccu rred  most n o t i 

c e a b ly  i n  th e  pumice t u f f s  and sed im en ts  o f  th e  L o k i te t  u n i t ,  in  

zones up to  13 f t .  (4 .6  m.) w ide, bu t u s u a l ly  l e s s  th a n  6 f t .  (2  m .) .

( iv )  S t r u c tu r e  o f  K ariam angro C a ld era

I t  has a l re a d y  been s t a t e d  ( p . 63  ) t h a t  th e  t u f f s  d ip  r a d i a l l y  

in w ard s , b e in g  a lm ost h o r iz o n ta l  in  th e  c e n t r a l  p a r t s  o f th e  c a ld e ra .  

B eneath  P a t i v a t ,  th e  pumice t u f f s  and w elded t u f f s  d ip  w estw ards a t  

abou t 3 ° -4 ° ,  in d i c a t in g  th a t  th e  lo w est p o in t o f  th e  c a ld e ra  la y  

somewhat w est o f  i t s  i n f e r r e d  g e o m e tr ic a l c e n t r e .

F u r th e r ,  th e  th i c k e s t  accu m u la tio n  o f  t u f f s  i s  in  th e  sou thw est 

c o rn e r ,  where a ls o  o ccu r th e  on ly  l a h a r s ,  in d ic a t in g  th a t  sub sid en ce  

was g r e a t e s t  in  t h i s  s e c to r .  However, a s  n o th in g  i s  known o f th e  

h i s to r y  o f  th e  e a s te r n  p a r t  o f  th e  c a ld e ra ,  th e s e  in fe re n c e s  cannot 

be s u b s t a n t i a t e d .

F a u l t in g  h a s  a f f e c t e d  th e  c a ld e ra  on ly  s l i g h t l y .  The b lock  la v a s  

in  th e  n o r th e rn  p a r t  have been a f f e c te d  by an e a s t-w e s t f a u l t ,  a long
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th e  p la n e  o f w hich th e r e  h a s  been much h y d ro th e rm al a c t i v i t y ,  red u c in g  

th e  la v a s  to  a s o f t  y e llo w ish  powdery m a te r ia l .  F a u l t in g  a ls o  a f f e c t s  

th e  P a t iv a t  B a s a l ts ,  and i s  th u s  c o n s id e ra b ly  younger th a n  th e  c a ld e r a .

P o s t-  Ribkwo Complex, p re -  Nasaken Complex e ro s io n

The Ribkwo Complex i s  o v e r la in  unconform ably  by ro ck s  o f th e  

Nasaken Complex and Kamosing F o rm atio n ,

The e a r ly  e ru p t io n s  o f  th e  Nasaken and Ribkwo com plexes were 

a p p a re n tly  ro u g h ly  contem poraneous, a s  judged  by s im i la r  d a te s  o f 

abou t 3*0 m .y. By th e  tim e th e  Nasaken v o lc a n ic s  had sp read  a s  f a r  

so u th  a s  1 °23 'N , th e  a c t i v i t y  o f Ribkwo Volcano had c e a se d . I t  had 

a l re a d y  undergone th e  eas tw ard  t i l t i n g  and i t s  f la n k s  were being  

a c t iv e l y  d is s e c te d ,  so t h a t  l o c a l l y  th e  e a r l i e s t  Nasaken v o lc a n ic s  

r e s t  on a  topog raphy  o f c o n s id e ra b le  r e l i e f .

The sub-N asaken u n co n fo rm ity  i s  l a r g e ly  v i s i b l e  e a s t  o f K afkandal, 

bu t e a s t  o f th e  Ribkwo f la n k s ,  i t  i s  p a r t l y  obscu red  by a l l u v i a l  

d e p o s i ts  o f th e  A te r i r  R iv e r .  The u ncon fo rm ity  i s  v i s i b l e  benea th  

th e  A te r i r  b ed s , b u t i s  a g a in  obscu red  by th e  K ahanav isian  B a s a l t .

South  o f  1^1 9 'N , Nasaken v o lc a n ic s  a re  seen  to  o v e r l ie  t r a c h y te s  

o f th e  main Ribkwo s h ie ld ,  and a ls o  th e  K ariam angro C a ld e ra  su c c e s s io n . 

A d a te  o f  2 ,7  m .y. (1  0 ,2  m .y .)  was o b ta in e d  from th e  Nasaken v o lc a n ic s  

e a s t  o f  K ariam angro C a ld e ra , The l a t t e r  has n o t been s a t i s f a c t o r i l y  

d a te d , bu t i t  i s  e v id e n t t h a t  th e  whole e a s te r n  s id e  o f  th e  Ribkwo 

Complex was c o n s id e ra b ly  eroded  a t  2 ,7  m .y.

The Nasaken Complex and K ach ila  V o lcan ics

These occupy most o f th e  e a s te r n  m argin o f th e  a re a  fo llo w in g  a 

n o r th - s o u th  t r e n d in g  b e l t  from 1 to  4 m ile s  w ide. They a re  l a t e r a l l y  

e q u iv a le n t ,  th e  K a c h ila  V o lcan ics  i n t e r d i g i t a t i n g  w ith  th e  Nasaken 

Complex,
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The Nasaken Complex re a c h e s  i t s  g r e a t e s t  developm ent abou t 8 m ile s  

(13  km.) n o r th  o f K afk an d a l. The e a r l i e s t  e ru p tio n s  to o k  p la c e  about 

3 .0  m i l l io n  y u a rs  ago . The s o u th e rn  f la n k s  ex ten d  in to  th e  p re s e n t  

a r e a ,  and have been d a te d  a t  abou t 2 .8  m .y. a t  1^28 'N .

The K ach ila  V o lcan ic s  ex ten d  a s  f a r  n o r th  a s  1 °2 7 ‘N, where th e y  

a re  o v e r la in  and u n d e r la in  by t r a c h y te s  o f  th e  Nasaken Complex. They 

ex ten d  a s  f a r  so u th  a s  1°17 'N , re a c h in g  t h e i r  g r e a t e s t  th ic k n e s s  o f 

abou t 900  f t .  (273  m.) midway between th e s e  two l i m i t s .

6 . The Nasaken Complex

In  th e  p re s e n t  a r e a ,  t h i s  r e s t s  unconform ably on o ld e r  ro ck s  of 

th e  K afkandal Complex. L o c a lly , th e  b a s a l  members a re  th r e e  flow s of 

o l i v i n e - b a s a l t , th e  K a t i r r  b a s a l t s .  These a re  c o n s id e re d  by Weaver 

( o p .c i t . )  to  have flow ed sou thw ards from a  so u rce  f a r th e r  n o r th  o f 

th e  p re s e n t  a r e a .  The b a s a l t s  a re  o v e r la in  by a  s e r i e s  o f a l t e r n a t in g  

f i s s i l e  t r a c h y te s ,  i n  flow s up to  60  f t .  (19  m .) t h i c k ,  and welded 

tu f f . r ,  w ith  t h i n  developm ents o f  pumice t u f f s .  T h is  su c c e ss io n  i s  

l e s s  th a n  300  f t ,  ( 13O m.) t h i c k ,

A th i n  o l i v in e  b a s a l t  a l s o  o ccu rs  w ith in  th e  Nasaken Complex 

i n  sq u a re  816O, b u t i s  l e s s  th a n  20 f t .  (6  m.) th ic k ,  and i s  o f v e ry  

l im i te d  e x te n t .

D ips a re  g e n e r a l ly  eas tw ard s  a t  up to  6 ° o r  7 ° , u s u a l ly  l e s s .  A 

v e ry  g e n t le  s o u th e r ly  com ponent, and th e  f a c t  th a t  th e  t r a c h y te s  th in  

in  t h a t  d i r e c t io n  in d i c a te  t h a t  th e y  were d e r iv e d  from th e  n o r th .

7 . The K ach ila  Complex

T h is  o c c u rs  a lm ost w holly  w ith in  th e  p re s e n t  a r e a ,  bu t members 

o f  i t  ex ten d  j u s t  in t o  th e  a r e a  to  th e  n o r th ,  i n t e r  d i g i t  a t in g  w ith  

th e  Nasaken Complex, and a ls o  occur e a s t  o f  th e  p re s e n t a re a ,  where 

th e y  u n d e r l ie  th e  O liyaraur V olcano i n  R h em tu lla ’ s a r e a .



69

I t  d i f f e r s  from c e n t r a l  com plexes e lsew here  in  t h i s  re g io n  in  

two w ays;-

( i )  No so u rce  zone i s  exposed , n e i th e r  a re  th e r e  any dykes or 

v e n ts  in  th e  p re s e n t  a r e a .  I t  i s  supposed th a t  th e  la v a s  e i th e r  cover 

t h e i r  so u rc e s , o r t h a t  th e y  were d e r iv e d  from th e  e a s t  o f t h e i r  p re s e n t 

o u tc ro p , from so u rc e s  now co n cea led  by th e  O liyam ur V olcano.

( i i )  The p ro p o r tio n  o f m u g e a rite s  and b a s a l t s  to  t r a c h y te s  i s  

much h ig h e r  th a n  in  any o th e r  com plex.

The K ach ila  V o lcan ic s  a re  a ls o  marked by a  c o n s id e ra b le  develop

ment o f  pumice t u f f s ,  which re a c h  t h e i r  maximum th ic k n e s s  o f  600 f t ,

(183  m .) b en ea th  K arianam ani and Chemusowai. R e la te d  to  th e se  a re  

th e  A te r i r  b ed s, in  which v e r te b r a te  f o s s i l s  were d is c o v e re d . The 

K ach ila  V o lcan ic s  a l s o  o v e r l i e  th e  Kariam angro C a ld e ra , in  square  7842. 

They range  in  age from abou t 4 .0  m .y. to  2 .7  m .y.

Because o f th e  im p o rtan ce  o f th e  v e r te b r a te  f o s s i l s ,  th e  A te r i r  

b a s in  was mapped in  d e t a i l ,  b o th  by th e  p re s e n t w r i te r  and by A .P . H i l l .  

The A te r i r  beds a re  s e p a ra te d  from  th e  main o u tc ro p  o f K ach ila  Vol

c a n ic s  by a  b road  b e l t  o f a llu v iu m . N e v e r th e le s s , i t  i s  though t th a t  

th e y  a re  l a t e r a l l y  e q u iv a le n t to  th e  K arianam ani t u f f s ,  which a re  in  

tu r n  f a i r l y  h ig h  i n  th e  K ach ila  V o lc a n ic s , s in c e  th e y  a re  u n d e r la in  to  

th e  e a s t  by th e  b u lk  o f th e  l a v a s .

F ig .  33 i s  an  a tte m p t to  r e l a t e  th e  v a r io u s  u n i t s  w ith in  th e  

K ach ila  V o lc a n ic s .

(a )  S tr a t ig r a p h y  o f  th e  K ach ila  V o lcan ics  N orth  and E as t o f  A te r i r  R ive r

The p r in c i p a l  f e a tu r e  i s  th e  abundance o f  p y r o c la s t ic s  in  th e  

w es te rn  p a r t  o f  th e  o u tc ro p , and t h e i r  s c a r c i ty  in  th e  e a s t .

In  th e  w e s t, th e  b a s a l  member i s  a pumice t u f f  w ith  a  g ra v e l ly  

c ro ss -b ed d ed  b a se . T h is  b a s a l  member r e s t s  on an eastw ard  d ipp ing  

pedim ent c u t in t o  o ld e r  t r a c h y te s ,  o f th e  K afkandal Complex.
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At 7^ 0 5 6 7 , i t  r e s t s  on a  w elded t u f f  o f th e  Ribkwo Complex. At 

t h i s  l o c a l i t y ,  th e  b a s a l  member i s  adm ixed w ith  p a le  brown f l u v i a t i l e  

s i l  u .

In  th e  e a s t ,  th e  base o f th e  v o lc a n ic s  i s  n o t s e e n . The o ld e s t  

known members a re  b a s a r t s ,  o c c u rr in g  b enea th  th e  m u g earite  in  f a u l t  

s t r i p s  1 and 2 , see  F ig ,  $ 6 , The most com plete su c c e ss io n  th e re  occurs  

in  f a u l t  s t r i p  2 , see  F ig ,  57* In  f a u l t  s t r i p  3 , a  f i s s i l e  t r a c h y te  

(n o t exam ined i n  th i n  s e c t io n )  r e s t s  on b a s a l t s .  I f  th e  m u g earite  in  

sq u are  7933 i s  s t r a t i g r a p h i c a l l y  e q u iv a le n t to  t h a t  in  f a u l t  s t r i p s  

1 , 2 and 3 , th e n  t h i s  f i s s i l e  t r a c h y te  cou ld  be e q u iv a le n t to  t h a t  in  

f a u l t  s t r i p  8 , see  F ig .  3 7 ,

The f i s s i l e  t r a c h y te  i s  a b se n t from th e  su c c e s s io n  in  f a u l t  s t r i p  

25 and i t  i s  p o s s ib le  t h a t  i t  i s  younger th a n  any o f th e  b a s a l t s  c r  

m u g e a rite s  in  th e  K ach ila  V o lc a n ic s , o v e r ly in g  them unconform ably, 

bu t w ith  no d is c e r n ib le  a n g u la r  d isc o rd a n c e . I t  i s  a ls o  in f e r r e d  

t h a t  th e r e  was some f a u l t i n g  in  th e  b a s a l t s  b e fo re  th e  e ru p tio n  o f 

th e  t r a c h y te ,  bu t a s  i t  i s  i t s e l f  f a u l t e d ,  t h i s  o ccu rred  in  more 

th a n  one p h ase .

At 7833311 d ia tom aceous pumice t u f f s  w ith  a  t h in  le n s  o f d ia to m ite  

a re  i n t e r c a l a t e d  w ith in  th e  b a s a l t s .  These a re  c o n s id e re d  to  be 

e q u iv a le n t to  th e  low er p a r t  o f  th e  K arianam ani t u f f s ,  where b a s a l t s  

a ls o  o c c u r .

From th e s e  l i n e s  o f ev id en ce , th e n , i t  i s  in f e r r e d  th a t  th e  

K arianam ani t u f f s  a re  l a t e r a l  e q u iv a le n ts  o f  th e  la v a s  to  th e  e a s t .

In  th e  w est o f  t h e i r  o u tc ro p , th e  t u f f s  reac h  abou t 600 f t ,  (183  m ,) 

in  th ic k n e s s .  T hree o l i v in e - b a s a l t  flow s a re  i n t e r c a l a t e d  n ea r th e  

b ase , w hich t h i n  n o rth w ard s  and te rm in a te  in  and around square  7739»

The lo w e s t and th i c k e s t  o f th e s e ,  th e  Morupuran b a s a l t ,  i s  o v e r la in  

by an a n o r th o c la s e  t r a c h y te ,  th e  Morupuran t r a c h y te  (3 /138) a t  i t s  

so u th e rn  e x tre m ity ,  and by a  f i s s i l e  t r a c h y te  (3 / l 8 4 ) a t  i t s  n o rth e rn



57

8277
Horizontal  sca le  1 :5 0 , 0 0 0

KEY

\
\

A -H

1 - 9

alluvium

Kach i l a  Volcanics 

f a u l t

in f e r r ed  fau l t

f a u l t  b e n e a t h  alluvium

f a u l t s

f a u l t  s t r ips

FIG.56  N ot a t io n  of  f au l t s  in Kachila Volcanics .



w. E.

7 8S.9 (nos. r e f e r  to  foui t  s t r ips ,  Fig.56)

5 0 0  1

/

éh.in 
d i a i o / n -  
a ceo<J3 tu/f

V

0 -*

t hin rzd earth

KEY

b c s o i t

t r a c h y t e , t rochymugeor i te  

pumice t u f f  

welded tuf f

FIG. 57  Comp ar i so n  of sec t i on s  from west  t o  e a s t  
a c r o s s  t h e  Kachila Volcanics .



71
e x tre m ity .  The two o th e r  b a s a l t s  a re  th in n e r  and l e s s  e x te n s iv e  th a n  

th e  Morupuran b a s a l t .  At t h e i r  n o r th e rn  e x tre m ity , th e  K arianam ani t u f f s  

a re  bo th  u n d e r-  and o v e r la in  by w elded t u f f s  and t r a c h y te s  o f th e  

N asaken com plex. The b a s a l  t u f f s  i n t e r d i g i t a t e  w ith  Nasaken t r a c h y te s  

a t  77^ 6 1 9 . Above th e  la v a s ,  th e  K arianam ani t u f f s  c o n s is t  m ainly  o f 

u n ifo rm  pumice l a p i l l i - t u f f s ,  w ith  w elded t u f f s  in  th e  upper p a r t .  The 

pumice t u f f s  a r e  ro u g h ly  bedded in  u n i t s  from 1 fo o t to  9 f e e t  th ic k ,  

o c c a s io n a l ly  g rad ed , and som etim es f a i r l y  f in e l y  la m in a te d . The upper 

s u r fa c e  o f  th e  t h i c k e r  u n i t s  i s  som etim es c h a n n e lle d , and in  g e n e ra l,  

ev id en ce  o f r e s o r t i n g  by r iv e r s  i s  n o t uncommon. L i th ic  l a p i l l i  a re  

common, u s u a l ly  under 3 cm. a c ro s s ,  and b en ea th  Karwatuko, a  bed w ith  

la rg e  g la s s  bombs o c c u rs .

The K arianam ani t u f f s  a re  o v e r la in  by th e  Chemusowai u n i t .  T h is  

c o n s i s t s  o f two t h i n  a p h y ric  o l iv in e  b a s a l t s  each '̂ O-kO f e e t  ( c .  10 m .) 

th i c k ,  w ith  an i n t e r c a l a t e d  p a r t l y  w elded t u f f ,  10 f t .  (3  m .) th i c k .

T h is  u n i t  co v e rs  a  wide a re a  o f th e  K ach ila  V o lc a n ic s , and i s  rem ar

k ab ly  c o n s ta n t  i n  ap p e a ra n c e . I t  has  been a f f e c te d  by f a u l t s  F , G 

and H (F ig ,  3 6 ) ,  b u t n o r th  o f  1 °23 ' , i t  may have been e ru p te d  on to  

an a l re a d y  f a u l t e d  to p o g rap h y . The Chemusowai u n i t  i s  s e n s ib ly  h o r i 

z o n ta l ,  and a p p e a rs  n o t to  have been a f f e c te d  by th e  N apetio  a rc h , 

see  p . 74 , t h i s  C h ap te r, and a ls o  C hap ter 3»

(b ) S t r a t ig r a p h y  o f  K ach ila  V o lcan ics  South and West o f A te r i r  R iver 

The Morupuran b a s a l t ,  r e f e r r e d  to  above, o u tc ro p s  so u th  o f th e  

A te r i r  R iv e r , a s  f a r  so u th  a s  763480. W estw ards, i t  i s  o v e r la in  by 

th e  A te r i r  b ed s , q . v . ,  which c o n s is t  o f tu f fa c e o u s  sed im en ts , w ith  

i n t e r c a l a t e d  b a s a l t s .

To th e  e a s t ,  i t  i s  o v e r la in  by a  f i s s i l e  t r a c h y t ic  la v a  in  

sq u a re  7748, th o u g h t to  be e q u iv a le n t to  th e  Morupuran t r a c h y te ,  though 

i t  was n o t exam ined in  t h in  s e c t io n .  T h is  i s  in  tu rn  o v e r la in  by
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pumice t u f f s  w ith  a  w elded t u f f  a t  t h e i r  b a s e . The pumice t u f f s  have 

th in  d ia tom aceous seam s, and a re  c o n s id e re d  to  be l a t e r a l  e q u iv a le n ts  

o f th e  t u f f s  low in  K arianam ani, and th o se  a t  783531•

These t u f f s  a r e  th e n  o v e r la in  by m u g e a r itic  la v a s  and p la g io c la s e  

t r a c h y te s  ( 5/ 5 7 ) ,  which o v e rs te p  to  th e  n o r th  to  r e s t  d i r e c t l y  on th e  

M orupuran b a s a l t ,  on Morupuran i t s e l f  ( 7 750 ) ,  a-iid on th e  b a s a l t  h i l l s  

in  sq u a re s  7551  and 7 5 5 2 . These la v a s  a re  s im i la r  to  each o th e r  in  

hand specim en and in  th in  s e c t io n ,  and s im i la r  to  th o se  a ls o  in  

K a c h ila , to  which th e y  a re  i n f e r r e d  to  be l a t e r a l l y  e q u iv a le n t .

South  o f K ah an av is ian , th e  sequence c o n s i s t s  o f pumice and w elded 

t u f f s ,  m u g e a rite s  and o l i v in e - b a s a l t s ,  and i s  o f ro u g h ly  th e  same age 

a s  th e  sequence a t  K a c h ila . A pumice t u f f  u n d e r la in  by a  w elded t u f f ,  

p o s s ib ly  th e  same a s  t h a t  r e f e r r e d  to  im m ed ia te ly  above, o ccu rs  in  

sq u are  7746. T h is  i s  u n d e r la in  by f i s s i l e  t r a c h y t i c  and b a s a l t i c  la v a s ,  

and o v e r la in  in  tu r n  by more m u g e a rite s  and b a s a l t s .  The ex ac t 

r e l a t i o n s  o f  t h i s  s u c c e s s io n  to  t h a t  in  K ach ila  and K arianam ani a re  

n o t k iov/n,

( c) H is to ry  o f  th e  A te r i r  Beds in  r e l a t i o n  to  th e  K ach ila  V o lcan ics

The A te r i r  beds c o n s is t  p red o m in an tly  o f pumice t u f f s ,  w ith  two 

th i n  b a s a l t s  i n t e r c a l a t e d  n e a r  th e  b a se , see  F ig .  5 8 . F ig .  59 , th e  

most com plete  s u c c e s s io n , i s  n o t developed  to  th e  same e x te n t in  a l l  

p a r t s  o f  th e  b a s in .  P la te  XV i s  a g e n e ra l view  a c ro s s  p a r t  o f  th e  

A te r i r  b a s in ,  from th e  w e s t.

S tag e  1 -  E ru p tio n  o f Morupuran b a s a lt*  and tr a c h y te * .  was

e ru p te d  ov er a  f a i r l y  wide a r e a ,  and i s  th o u g h t to  be p re s e n t a s  f a r  

n o r th  and w est a s  sq u a re s  7551 and 7552. G e n e ra lly , how ever, 

o u tc ro p s  a t  th e  p re s e n t  day in  a  n o r th - s o u th  tr e n d in g  b e l t .  T h is i s  

th o u g h t to  have h e lp e d  form a  d ra in a g e  b a r r i e r  d u rin g  th e  e a r ly  s ta g e s  

o f  th e  h i s to r y  o f  th e  b a s in ,  see  s ta g e  2 . At th e  same tim e a s  th e

* R e fe rre d  to  su b se q u e n tly  a s  and T^gp r e s p e c t iv e ly .
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e ru p tio n  o f B^or and T^op, th e  e a r ly  la v a s  o f K ach ila  were be ing  

e ru p te d .

S tage  2 -  C oarse t u f f  e r u p t io n s .  These and l a t e r  t u f f s  r e s t  on 

a  s u r fa c e  o f  c o n s id e ra b le  r e l i e f ,  developed  on bo th  Ribkwo Complex 

u n i t s  (n o ta b ly  th e  w elded t u f f  and t r a c h y te  im m ed ia te ly  west o f th e  

b a s in ) ,  and Morupuran la v a s .  I t  i s  p o s tu la te d  th e r e f o r e  t h a t  th e re  

was a  p e r io d  o f e ro s io n  between s ta g e s  1 and 2 , in  which T^op was 

l a r g e ly  removed, e .g .  from 773^89. O u t l i e r s  o f i t  su rv iv e  a t

733513 and 7595 2 2 .

The c o a rse  t u f f s  c o n s is t  o f from 0-60  f t ,  (up to  l8  m.) o f sub

a e r i a l  pumice t u f f s  and a g g lo m e ra te s . The l a t t e r  a r e  o f l im i te d  

l a t e r a l  e x te n t ,  and occu r a t  two l o c a l i t i e s ,  762496 and 749492. At 

bo th  l o c a l i t i e s ,  la rg e  b lo ck s  o f  brown v e s ic u l a r  g la s s  and g la s s y  

t r a c h y te  o ccu r i n  a  pum iceous m a tr ix ,  L .A .J , W illiam s (p e rs o n a l 

com m unication) i n t e r p r e t e d  th e  form er l o c a l i t y  a s  an eroded  c in d e r  

cone . These e ru p tio n s  a re  th o u g h t to  have impeded th e  d ra in a g e  s u f 

f i c i e n t l y  to  d iv e r t  i t  n o rth w ard s , betw een th e  c o a rse  t u f f s  and 

Kapetachajiiu, F u r th e r  t u f f  e ru p tio n s  in  th e  n o r th  a re  th e n  th o u g h t to  

have co m p le te ly  choked o f f  t h i s  e x i t ,  so t h a t  a  la k e  form ed, i n i t i a t i n g  

th e  n e x t s ta g e  i n  th e  h i s to r y  o f  th e  b a s in .

S tag e  3 -  Lower A te r i r  b e d s . O v erly in g  th e  c o a rse  t u f f  a re  w e ll 

la m in a te d , f a i r l y  f in e - g r a in e d  w h ite  tu f fa c e o u s  se d im e n ts . They p o t

h o le  and ch an n e l th e  c o a rse  t u f f ,  and a t  7^0^01, a re  banked a g a in s t  

a  s te e p  w a ll o f  c o a rs e  t u f f s .  They occupy th e  a re a  shown in  F ig ,  $8 . 

T h e ir  environm ent o f d e p o s it io n  i s  n o t w holly  known, bu t i t  i s  

p ro b ab ly  e s s e n t i a l l y  f l u v i a t i l e  i n  o r ig i n .  They range  in  th ic k n e s s  

from n o th in g  to  30  f t .  (9 m ,) n o rth w ard s .

At th e  same tim e  a s  th e  t u f f s  o f  s ta g e s  2 and 3 were be ing  

e ru p te d , i t  i s  th o u g h t t h a t  th e  lo w est K arianam ani t u f f s ,  and th e  

la v a s  i n  th e  low er p a r t  o f  th e  K ach ila  su c c e s s io n  were being  e ru p te d .
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W ith in  th e  upper p a r t  o f  th e  Lower A te r i r  beds i s  a 10 fo o t th ic k  

b a s a l t ,  o u tc ro p p in g  o n ly  a t  760303 , r e f e r r e d  to  a s  th e  Lower A te r i r  

b a s a l t ,  o r Bp, Only 20 f t .  ( 6 m , )  above t h i s  i s  th e  Upper A te r i r  

b a s a l t ,  B^, which co v ers  a  w ider a re a  th a n  Bp, and i s  up to  15 f t .

(4 ,5  m .) t h i c k .  I t  i s  p re s e n t  a s  f a r  n o r th  a s  753529 and 752522 

where i t  o v e r l i e s  c o a rse  t u f f s  v ia  a  re d d is h  sandy h o r iz o n . The 

f e a th e r  edge o f i s  seen  a t  758482 and 754491. Both Bp and B^ were 

a p p a re n tly  d e r iv e d  from so u rc e s  e a s t  o f  th e  p re s e n t  b a s in ,  and a re  

p ro b ab ly  e q u iv a le n t to  la v a s  below th e  t u f f s  a t  7 8 3 5 3 1 »

T here fo llo w ed  a  p e r io d  o f  q u ie sc e n c e , d u rin g  which a  p a le  brown 

e a r th  was form ed, up to  2 m. th i c k  above B^, and up to  3 th i c k  

above th e  c o a rse  t u f f s  w est o f th e  B^ f e a th e r  edge, e .g .  a t  752490,

The e a r th  i s  o v e r la in  by about 2 m, o f w h it is h  a i r f a l l  t u f f s .

S tag e  4 -  Upper A te r i r  b ed s . A f te r  e ru p tio n  o f B^, and minor 

t u f f  e ru p t io n s ,  th e  Lake A te r i r  b a r r i e r  was s h i f t e d  e a s tw ard s , and th e  

a re a  o f se d im e n ta tio n  c o n s id e ra b ly  ex ten d ed . I t  i s  su g g es ted  th a t  th e  

new b a ^ 'r ie r  was i n i t i a l l y  th e  r i s i n g  N apetio  a r c h .  L a c u s tr in e  and 

f l u v i a t i l e  sed im en ts  a p p e a r, fo r  th e  f i r s t  tim e , e a s t  o f  th e  e a r l i e r  

Bmoi* b a r r i e r .  E ro s io n  had p o s s ib ly  by now c u t down th ro u g h  th e  c o a rse  

t u f f s ,  reo p en in g  p re -c o a r s e  t u f f  r i v e r  v a l le y s ,  so t h a t  th e  d ra in a g e  

now flow ed e a s tw ard s  up to  th e  N apetio  A rch. T u ff e ru p tio n s  th e n  

c o n tin u e d  in  K arianam an i, p a r t l y  choking th e s e  r i v e r s ,  and p ro v id in g  

c o n d i t io n s  in  which tem porary  la k e s  co u ld  dev e lo p , and l a t e r  c o a le s c e . 

The sed im en ts  in  th e s e  la k e s  a re  r e p re s e n te d  by th e  o u tc ro p s  o f d ia 

tom aceous t u f f s  a t  785531  and 779488, and by th e  d ia to m ite  and 

a s s o c ia te d  sed im en ts  i n  A te r i r  i t s e l f .  The d ia tom s from 783531 (5 /175) 

a re  i d e n t i c a l  i n  form to  th o se  (5 /4 4 ) from th e  d ia to m ite  in  th e  A te r i r  

Beds.
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The main A te r i r  Laiæ was i n i t i a l l y  a perm anent f e a tu r e ,  and up 

to  4 f t*  ( 1 .3  m.) o f d ia to m ite  a re  p r e s e n t .  Above t h i s  a re  some 60 f t .  

(18  m.) o f pumice t u f f s  showing abundant ev idence o f  a  sub-aqueous 

environm ent o f d e p o s i t io n .  The d ia to m ite  i s  th i c k e s t  around  738301, 

and th in s  away from t h i s .  At 76l483 two d i s t i n c t  bands o f d ia to m ite  

a re  p r e s e n t ,  bo th  abou t 23 cm. th ic k ,  w ith  c .  30  cm. o f t u f f s  betw een. 

These a re  ta k e n  to  r e p re s e n t  a r e t r e a t  and readvance  o f  th e  sh o re s  o f 

th e  la k e .  J u s t  w estsou thw est o f  t h i s ,  th e  d ia to m ite  i s  seen  to  wedge 

ou t co m p le te ly , a p p a re n tly  r e p re s e n t in g  th e  edge o f th e  l a k e , o r a t  

l e a s t  th e  edge o f  th e  zone in h a b ite d  by d ia to m s. O ccasio n a l sm a ll 

f a u l t s  a f f e c t  th e  d ia to m ite ,  P la te  XVI.

By t r a c in g  th e  th ic k n e s s  and d i s t r i b u t i o n  o f  th e  d ia to m ite ,  th e  

p a laeo -g eo g rap h y  o f Lake A te r i r  can be t e n t a t i v e l y  e s ta b l i s h e d .  F ig .  6 0 ,

At 732321  (A on F ig .  6 0 ) B^ i s  o v e r la in  by abou t 40 f t .  o f pumice 

t u f f s .  T here i s  no d ia to m ite  a t  t h i s  l o c a l i t y ,  bu t th e  upper s u r fa c e  

o f th e  t u f f s  shows ev idence  o f rew ork ing  by r i v e r  a c t io n .  F u r th e r ,  

sm all frag m en ts  o f  bone occu r on t h i s  s u r f a c e ,  in c lu d in g  fragm en ts  o f 

t e e th  o f E h in o c e ro tid a e . At 735315, 752310 and 736313, d ia to m ite  i s  

p r e s e n t ,  a l l  a t  low er to p o g ra p h ic  l e v e l s  th a n  th e  rew orked s u r fa c e  a t  

7 323 2 1 . I t  i s  i n f e r r e d  th e r e f o r e  t h a t  th e  sh o re  o f  th e  la k e  p assed  

betw een 732321  and th e  l a s t  th r e e  l o c a l i t i e s .

F u r th e r  so u th , th e  w es te rn  m argin o f  th e  la k e  i s  seen  a t  two 

l o c a l i t i e s ,  751491 and 759483 (B & 0 on F ig .  6 0 ) , where th e  d ia to m ite  

th in s  w estw ard to  n o th in g . S outhw ards, th e  o r ig i n a l  edge o f  th e  la k e  

i s  p ro b ab ly  in  p a r t  b en ea th  K ah an av isian , but was p ro b ab ly  n o t so u th  

o f 1 °2 0 'N .

Lake A te r i r  was broken by a  few i s l a n d s .  The o u tc ro p s  o f  B^or 

i n  sq u a re s  7551 and 7552 (D & F , F ig .  6 0 ) were e i t h e r  two c lo s e ly  

a d ja c e n t i s l a n d s ,  o r one s in g le  i s l a n d .  The o u tc ro p  o f  co a rse  t u f f  

i n  th e  sou thw est c o rn e r  o f  sq u are  7&50 and n o rth w est co rn e r o f 7849
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(F , F ig ,  6 0 ) ,  was a lre a d y  a  s ig n i f i c a n t  to p o g ra p h ic  f e a tu r e ,  s in c e  

b o th  th e  low er A te r i r  beds and bo th  ab u t a g a in s t  i t . I t  c o n tin u ed  

to  rem ain  so d u rin g  th e  d e p o s i t io n  o f th e  d ia to m i te .  There was 

p o s s ib ly  an i s la n d  o r submerged b a r  in  sq u a re s  7648, 7649 and 765O 

(G, F ig ,  6 0 ) where th e  n o r th - s o u th  t r e n d in g  s t r i p  o f  Bjj^or o u tc ro p s .

The e a s te r n  m arg ins o f th e  la k e  a re  no t p r e c i s e ly  lo c a ta b l e .

I t  p ro b ab ly  d id  n o t ex ten d  f a r  beyond 36^07 'E . I t s  o u t l e t  presum ably  

la y  somewhere so u th  o f th e  p re s e n t  so u th e rn  e x t r e m it ie s  o f K arianam ani 

and th e  N apetio  a rc h .

D uring d e p o s i t io n  o f th e  d ia to m ite ,  th e  la k e  sp re a d  g r e a t ly ,  

f l u c tu a t in g  s l i g h t l y  a t  th e  m arg in s . I t s  e x is te n c e  was te rm in a te d  

r a th e r  a b r u p t ly ,  a s  th e  d ia to m ite  i s  c h a n n e lle d  by th e  w a te r la id  pumice 

t u f f s  w hich o v e r l i e  i t .  These l a t t e r  a r e  abou t 60 f t .  (18  m ,) th ic k  

a t  7544 9 9 , 8^ d  a r e  c ro ssb ed d ed  th ro u g h o u t most o f  t h e i r  th ic k n e s s .

Thin  d ia tom aceous seams o c c u r , in d ic a t in g  p e r io d s  when l a c u s t r in e  

c o n d i t io n s  were te m p o ra r i ly  r e g a in e d . E lsew here , c h a n n e llin g  in d ic a te s  

penecontem poraneous e ro s io n  o f th e  s u b s t r a t e .  I t  ap p ea rs  t h a t  th e  

environm ent o f  d e p o s it io n  was c o n t ro l le d  by th e  b a lan ce  betw een ( i )  r a t e  

o f  accu m u la tio n  o f  m a te r ia l  a t  th e  b a r r i e r ,  and ( i i )  amount o f  e ro s io n  

o f th e  b a r r i e r  by r i v e r s  flow ing  th ro u g h  i t .  These 60  f t .  (18  m.) o f 

f l u v i a t i l e  and l a c u s t r i n e  sed im en ts  a re  c o n s id e re d  to  be e q u iv a le n t to  

th e  m iddle and p o s s ib ly  upper p a r t s  o f  th e  t u f f s  in  K arianam ani,

The m iddle and u pper t u f f s  in  K arianam ani have s e v e ra l  h o r iz o n s  

o f w elded t u f f .  Two o f th e s e  a re  p re s e n t  o v e r ly in g  I 30  f t ,  o f  pumice 

t u f f s  i n  th e  Chem olingot o u t l i e r .  C u rren t bedding  in  th e  t u f f s  th e re  

in d i c a te s  t h a t  th e y  were r e s o r te d  by r i v e r s  flo w in g  s o u th e a s t .  These 

a re  c o n s id e re d  to  have o r ig i n a l l y  flow ed e a s tw a rd s , bu t to  have been 

d iv e r te d  so u th e a s tw a rd s  by th e  t u f f s  accu m u la tin g  a t  K arianam ani, A 

w elded t u f f  o v e r l i e s  T, ĵqj, in  sq u a re  7 552 , b u t i t s  r e l a t i o n  to  th e  

A te r i r  beds i s  n o t known. The w elded t u f f  o v e rly in g  B^^^ in  sq u a re s
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7748 and 7749 i s  a p p a re n tly  q u i te  low in  th e  sequence , bu t no s p e c i f i c  

c o n c lu s io n s  can be drawn a s  re g a rd s  th e  p o s i t io n  o f  any o f th e  welded 

t u f f s  a s s o c ia te d  w ith  th e  A te r i r  B as in .

The th ic k n e s s  o f th e  Upper A te r i r  beds v a r ie s  from a  maximum 

o f 60 f t .  ( l8  m,) a t  754498  to  abou t 10 f t .  (3  rn.) a t  th e  n o r th e rn , 

so u th e rn  and e a s te r n  m arg ins o f  th e  b a s in .  Some o f t h i s  v a r i a t io n  i s  

a lm ost c e r t a in l y  due to  e ro s io n  b e fo re  th e  e ru p tio n  o f th e  K ahanav isian  

B a s a l t ,  bu t i t  i s  p ro b ab le  t h a t  th e  a re a s  o f  g r e a t e s t  th ic k n e s s  c o in 

c id e  w ith  th e  form er d eep e s t p a r t s  o f th e  b a s in .

The f o s s i l s  m ain ly  o ccu r w ith in  th e  upper pa '-t o f th e  brown e a r th  

bu t a ls o  occu r above th e  d ia to m ite .  T ab le  1 i s  a  fa u n a l l i s t  from 

th e  f iv e  l o c a l i t i e s  shown on th e  map. F ig .  3 8 . The assem blage i s  

c o n s id e re d  to  be betw een 3 m .y. and 4 m .y. o ld .

T ab le  1 . F au n a l L i s t  o f  A te r i r  Beds

REPTILIA

C h elo n ia

Pelom edusid

C ro c o d i l ia

MAMMALIA

P ro b o sc id ea  c f

P e r is s o d a c ty la

E quidae

R h in o c e ro tid a e

A r t io d a c ty la

S u idae  c f

c f

H ippopotam idae 

Bovidae

Anancus sp .

E lep h as c f  s u b p la n if ro n s  

H ip p ario n  ( S ty1o h ip p a rio n ) sp,

Sus sp .

N yanzachoerus sp .
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Some o f th e  bones a re  gnawed o r b o red , in d ic a t in g  th a t  th e y  were 

ly in g  on a  la n d  s u r f a c e .  The c ro c o d ile  and t u r t l e  rem ains in d ic a te  

nearb y  s ta n d in g  w a te r , which would have a t t r a c t e d  v a r io u s  p la in s  

a n im a ls . T h is  body o f  w a te r was, o f  c o u rse . Lake A te r i r .

F o llow ing  th e  d e p o s i t io n  o f  th e  upper A te r i r  b ed s , e ru p tio n s  

c o n tin u e d  on th e  so u th e rn  f la n k s  o f th e  K ach ila  "v o lc a n o " . The youngest 

d a te  o b ta in e d  i s  2 .7  ± 0 ,3  m .y ., from a tra c h y m u g e a rite  a t  782438.

8 . The N am o rto itio  T rach y te

O v erly in g  ro c k s  o f  th e  Nasaken Complex and K ach ila  V o lcan ics  a re  

s e v e r a l  o u t l i e r s  o f  t r a c h y te ,  c o n s is t in g  a p p a re n tly  o f on ly  a  s in g le  

flo w , up to  60  f t .  ( l 8 m .) t h i c k .  At 791398 and 79^390 i t  o v e r l ie s  

th e  Chemusowai b a s a l t ,  and i s  th u s  younger th a n  th e  K ach ila  V o lc a n ic s .

At 781606 , i t  e v id e n t ly  flow ed a g a in s t  a f e a tu r e  c u t in to  th e  

Nasaken Complex, and i t  i s  i n f e r r e d  t h a t  i t  o v e r l i e s  bo th  Nasaken 

and K ach ila  V o lcan ic s  unconform ably .

At 796390 , th e  N am o rto itio  t r a c h y te  i s  8 f t .  (2 .3  m.) th ic k ,  and 

i s  u n d e r la in  by 7 f t . ( 2 .1  m.) o f  o range la m in a te d  tu f fa c e o u s  sand

s to n e .  The t r a c h y te  i s  v e ry  f in e - g r a in e d ,  and n o t f i s s i l e ,  though i t  

i s  flow  banded . The flow  banding  a t  th e  base  i s  h ig h ly  c o n to r te d .  

E lsew h ere , th e  t r a c h y te  i s  f i s s i l e  and m o d e ra te ly  p o r p h y r i t i c .

The o u t l i e r s  a t  N a m o rto itio  a re  a f f e c te d  by n o r th n o r th e a s t -  

t r e n d in g  f a u l t s .

S in ce  th e  N am o rto itio  t r a c h y te  i s  younger th a n  th e  Nasaken o r 

K ach ila  V o lc a n ic s , and i s  n o t v i s i b l y  connec ted  to  any obvious so u rc e , 

i t  i s  p o s s ib le  t h a t  i t  i s  a s s o c ia te d  w ith  one o f  th e  younger com plexes 

e a s t  o f  th e  p re s e n t  a r e a .  The most l i k e l y  i s  th e  O liyam ur V olcano, 

th e  youngest o f  th e  t r a c h y te  com plexes in  t h i s  r e g io n .  I t  i s  a  la rg e
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c i r c u l a r  s h ie ld  v o lc an o , assum ing th e  form o f a v e ry  f l a t  cone. Most 

o f th e  o r ig i n a l  f la n k s  a re  i n t a c t ,  bu t th e  w este rn  f la n k s  end a b ru p tly  

in  a c l i f f  600  f t .  ( l 80  m.) h ig h , 1^  m ile s  ( 2 .5  km.) e a s t  o f th e  ro a d . 

The N am o rto itio  t r a c h y te  co u ld  th u s  r e p re s e n t  th e  f a r t h e s t  e x t r e m it ie s  

o f  th e  w este rn  f la n k s  o f O liyam ur v o lc an o .

E ro s io n  o f th e  Kiddeh Group

E ro s io n  h as  a f f e c te d  a l l  th e  com plexes, to  a  degree depending 

m ain ly  on t h e i r  a g e . The f la n k s  have been reduced  from t h e i r  o r ig in a l  

e x te n t  by th e  p ro c e ss  o f "w e a rin g -b a c k " , where ped im ents a re  form ed, 

s e p a ra te d  from th e  rem a in in g  p o r t io n  o f th e  vo lcano  by a u s u a l ly  w e ll 

d e f in e d  b reak  o f s lo p e .  T h is  p ro c e ss  g r e a t ly  reduced  th e  s o u th e rn , 

e a s te r n  and w este rn  f la n k s  o f  K afkandal.

The h ig h e r  p a r t s  o f  each vo lcano  a re  a l l  deep ly  in c is e d  by th e  

l o c a l  d ra in a g e . The n a tu re  o f th e  land fo rm s produced depends g r e a t ly  

on th e  l o c a l  l i t h o lo g y .

The n ex t youngest fo rm a tio n  was e ru p te d  on to  th e  d is s e c te d  

Kiddeh Group, a lo n g  p a r t  o f  i t s  e a s te r n  m arg in s , so t h a t  i t  o u tc ro p s  

p a r t l y  i n  deep r i v e r  v a l l e y s ,  and p a r t l y  on a  pedim ent c u t in to  th e  

K a c h ila  V o lcan ic s  and Ribkwo Complex. T h is  pedim ent i s  p re se rv e d  n o t 

o n ly  b en ea th  K ah an av is ian , but a l s o  in  sq u a re s  77^5, 78^5 and 7945, 

where i t  i s  co vered  by a th i c k  d e p o s it  o f c o a rse  g r a v e ls .

T h is  pedim ent i s  i t s e l f  undergo ing  d i s s e c t io n  a t  th e  p re s e n t 

day . Those s u c c e s s iv e  r e ju v e n a t io n s  a re  r e l a t e d  to  downwarping o f 

th e  c e n t r a l  tro u g h , and t i l t i n g  o f th e  r i f t  v a l le y  s id e s  tow ards i t .

0 5 . THE KAMOSING FORMATION

T h is  com prises th r e e  members, each o f which i s  composed e n t i r e l y  

o f  one o r  two o l i v in e - b a s a l t  f lo w s . The flow s a re  r a r e l y  more th a n  

40 f t .  ( l2  m ,) t h i c k ,  and a re  f r e q u e n t ly  colum nar jo in te d .  V e s ic le s  

a re  p r e s e n t ,  b u t u s u a l ly  s c a r c e .
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(a )  The Tuvmt B a sa lt Member

T h is  c o n s i s t s  o f  7 o u t l i e r s  o f b a s a l t  in  th e  Kamosing v a l le y ,  

betw een 693450 and 712453* The b a s a l t s  a re  b la c k  in  hand specim en, 

a p h y ric  and n o n - v e s ic u la r .  The most s o u th w e s te r ly  o f  th e  o u t l i e r s  

c o n s i s t s  o f two flow s o f  colum nar b a s a l t ,  each abou t 40 f t .  (12  m.) 

t h i c k ,  P la te  XVII, The o th e r  o u t l i e r s  a l l  c o n s is t  o f  on ly  one flow,.

In  a d d i t io n ,  th e r e  i s  a  dyke o f  s im i la r  b a s a l t  c u t t in g  th e  

(presum ed) Ribkwo Complex t r a c h y te  a t  672422, which i s  in f e r r e d  to  

have a c te d  a s  a  fe e d e r  f o r  th e  Tuwut member.

The o u t l i e r s  r e p r e s e n t  th e  d isc o n n e c te d  p a r t s  o f a  fo rm erly  con

t in u o u s  flow , t h a t  m ight have o r ig in a te d  from th e  dyke m entioned above, 

and which flow ed down th e  th e n  Kamosing R iv e r ,  I t  p ro b ab ly  d id  n o t 

ex ten d  much f u r th e r  th a n  th e  p re s e n t  n o r th e a s te rn  l im i t  o f i t s  

o c c u rre n c e .

(b ) The P a t iv a t  B a sa lt Member

T h is  o c c u rs  i n  th e  s o u th e a s te rn  c o rn e r  o f  th e  a r e a ,  th e  s e p a ra te  

o u t l i e r s  e x te n d in g  over 5 sq u are  m ile s  ( l3  s q .k m .) .  The b a s a l t s  a re  

a l l  b la c k , o n ly  s p a r s e ly  v e s ic u l a r ,  and n o n -p o rp h y r i t ic  i n  hand 

specim en .

The h ig h e s t  o f  th e  o u t l i e r s  i s  a t  P a t i v a t ,  where th e  base o ccu rs  

a t  2 ,6 8 0  f t .  O.D. O u t l i e r s  occu r a t  low er l e v e l s  i n  a l l  d i r e c t io n s  

around  t h i s ,  i n d i c a t in g  t h a t  i t  was e ru p te d  on to  a  topography  o f  some 

r e l i e f ,  developed  on th e  Ribkwo Complex and K ach ila  V o lcan ic s .

At P a t i v a t ,  a  dyke o c c u rs , in t ru d e d  a lo n g  a  v e r t i c a l  f i s s u r e  

w hich h as  l a t e r  c o n t r o l le d  a  n o r th n o r th e a s t - t r e n d in g  f a u l t .  A p ip e 

l i k e  so u rce  i s  a t  79244$.

An age o f  2 ,2   ̂ 0 .3  m .y. was o b ta in e d  from a  specim en a t  7 9 ?4 l8 , 

T h is  i s  i n  acco rd an ce  w ith  th e  age o f  2 ,7  t  0 .3  m .y. o b ta in e d  from 

th e  K ach ila  V o lc a n ic s  i n  th e  im m ediate v i c i n i t y .
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PLATE Z2H O utcrop  of Tuwut Basalt  ̂Kamosing Formation, a t  693430.
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PLATE 7CVTT Outcrop  of Tuwut Basalt Komosing Formation, a t  693430.
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(c )  The K ahanav isian  B a sa lt Member

T h is  i s  th e  most e x te n s iv e  member i n  th e  Kamosing F o rm atio n . I t  

c o n s i s t s  o f  a t  l e a s t  two f lo w s , which were e ru p te d  from a  so u rce  in  

th e  Chemukol V a lle y , and which flow ed i n i t i a l l y  n o r th e a s tw a rd s , and 

th e n  e a s tw a rd s , ou t o f th e  Ribkwo Complex h i l l s  on to  a pedim ent c u t 

a lm o st e n t i r e l y  i n to  th e  K ach ila  V o lc a n ic s .

N ine o u t l i e r s  a r e  p re s e n t  in  th e  Chemukol V a lle y . That n e a re s t  

to  th e  sou rce  o ccu rs  a t  c .  3 ,400  f t .  O .D ., w h ile  th e  rem ain ing  o u t l i e r s  

o ccu r a t  p ro g re s s iv e ly  low er l e v e l s .  S o u th e a s t o f C h e re lg a t,  th e  

K ahanav isian  B a s a lt  p ro b ab ly  flow ed e a s tw a rd s , a c ro s s  th e  eroded  A te r i r  

B asin  and K ach ila  V o lc a n ic s . I t  i s  a l s o  p ro b ab le  th a t  a n o th e r  sou rce  

was lo c a te d  e a s t  o r s o u th e a s t  o f C h e re lg a t,  and n o t f a r  from i t ,  

because  a t  733497» two d i s t i n c t  f e a tu r e s  o ccu r, a lm ost c e r t a in l y  

r e p r e s e n t in g  tv;o s u c c e s s iv e  f lo w s .

The v a r io u s  o u t l i e r s  in  A te r i r  o ccu r a t  uneven h e ig h ts ,  su g g e s tin g  

t h a t  th e r e  h a s  been some r e l a t i v e  movement. The o u t l i e r  a t  733497 i s  

i n  f a c t  th e  to p o g ra p h ic a l ly  h ig h e s t ,  a t  2 ,7 0 0  f t .  O.D.

The d i s t i n c t i v e  to p o g ra p h ic  f e a tu r e  K ahanav isian  r e p re s e n ts  th e  

b u lk  o f  t h i s  member. I t  i s  3 m ile s  (8  km .) lo n g  by 2-̂  m ile s  (4 km.) 

w ide. I t s  fo rm er e x te n t h as  p ro b ab ly  been reduced  by e ro s io n , and 

th e  o r ig i n a l  e a s te r n  and so u th e rn  l i m i t s  a re  n o t known. K arianam ani 

and K ach ila  would have p re v e n te d  i t  from flo w in g  much f u r th e r  n o r th  

th a n  i t s  p re s e n t  l i m i t s  in  t h a t  d i r e c t io n .  The b a s a l t  on K ahanav isian  

i s  ab o u t 23-30  f t ,  ( c .  8 m.) th i c k .  At 739300 and 738469, i t  i s  seen  

to  o v e r l i e  a  re d  s o i l  abou t 0 .3  m. t h i c k .

An age o f  4 .2  i  0 ,3  m .y. from th e  b a s a l t  a t  733499 i s  e rro n eo u s 

becau se  i t  o v e r l i e s  la v a s  d a te d  a t  2 .7  i  0 .2  m .y. and 3*2  ± 0 .3  m .y.

The K ah an av isian  B a s a lt  Member h as  had f a r - r e a c h in g  e f f e c t s  on 

th e  d ra in a g e  o f  th e  Ribkwo Complex. I t  h as  d iv e r te d  th e  co u rse  o f 

s e v e r a l  m ajor r i v e r s ,  and i t s  e f f e c t s  in  t h i s  respect w i l l  be con

s id e r e d  in  C h ap te r 4 ,



82

Erosion of the Kamosing Formation

S in ce  th e  e ru p tio n  o f  th e  fo rm a tio n , th e r e  has been f u r th e r  r e 

ju v e n a tio n  o f th e  l o c a l  d ra in a g e , o r more p ro b ab ly , a c o n t in u a tio n  o f 

t h a t  phase i n i t i a t e d  d u rin g  th e  e ru p tio n  o f th e  Kiddeh Group Complexes. 

T h is  h as  le d  to  in c i s io n  and d is s e c t io n  o f each member o f th e  form a

t i o n ,  a lth o u g h  th e  to p  s u r fa c e s  o f th e  flow s a re  th o u g h t to  a p p ro x i

mate to  th e  o r i g i n a l .  The to p  s u r fa c e  o f  K ahanav isian  in  p a r t i c u l a r  

i s  v e ry  ro ugh , being  strev /n  w ith  la rg e  b lo c k s  o f  b a s a l t ,  up to  0 .5  m. 

a c r o s s .  Between th e s e  i s  a  brown s o i l ,  which becomes v e ry  s t ic k y  in  

wet w e a th e r . Sm all o u t l i e r s  have b e t t e r  d ra in e d  to p  s u r f a c e s .

The upstream  o u t l i e r s  o f th e  Tuwut and K ah.anavisian members 

a re  s i t u a t e d  a t  up to  I 50  f t .  (46 m.) above th e  p re s e n t  stream  f lo o r s ,  

w hereas on th e  Suguta P la in s ,  th e  base  o f th e  b a s a l t  i s  p ro b ab ly  o n ly  

30  f t .  (9  m.) above th e  g e n e ra l l e v e l  o f th e  p la in s .

C6. THE AGIBELBEL FORMATION

The p la in s  o f  A g ib e lb e l in  th e  n o r th e a s t  o f  th e  a r e a ,  P la te  X V III, 

and th e  n e ig h b o u rin g  f l a t  a r e a s  occup ied  by th e  N am o rto itio  and Kanakutu 

R iv e rs  a re  form ed o f  a  f in e - g r a in e d  p a le  brown to  o c h r is h  s o i l ,  in  

w hich a re  b o u ld e ry h o r iz o n s  r e p re s e n t in g  form er r i v e r  c h a n n e ls . These 

b o u ld e r  beds c o n ta in  la rg e  b lo c k s  o f  w elded t u f f  and t r a c h y te ,  and a re  

o b v io u s ly  d e r iv e d  from th e  l o c a l  t r a c h y te  com plexes.

At 809582 , a  15  cm. th ic k  la y e r  o f pumice l a p i l l i  i s  a l s o  p r e s e n t .  

The l a p i l l i  a re  brow nish  on th e  o u ts id e ,  be ing  s ta in e d  w ith  s o i l ,  bu t 

a re  b la c k  o r  dark  g rey  and o b v io u s ly  f r e s h  when broken open. In  t h i s  

r e s p e c t ,  th e y  a re  u n lik e  pumice l a p i l l i  from p y r o c la s t ic s  in  th e  

t r a c h y te  com plexes, which a re  alw ays cream o r w h ite  and appear 

crum bly and a l t e r e d .  Such l a p i l l i  a l s o  o ccu r a t  822611, in  th r e e  

s e p a ra te  l a y e r s  each abou t 12 cm. t h i c k .  The l a p i l l i  a re  crowded 

to g e th e r ,  and th e r e  i s  v e ry  l i t t l e  s o i l  w ith in  each h o r iz o n . They
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th u s  ap p ea r to  r e p re s e n t  a  d i s t i n c t  e ru p t io n ,  and no t m erely  r e s o r t in g  

o f o ld e r  m a te r ia l .

In  view  o f t h i s ,  and t h e i r  f r e s h  ap p ea ran ce , th e y  a re  th o u g h t to  

have been e ru p te d  from a c o m p ara tiv e ly  r e c e n t v o lc a n o . The n e a r e s t  

re c e n t  vo lcano  i s  Em uruangokolok, in  th e  a x i a l  zone. I t  i s  s i t u a t e d  

abou t 16  m ile s  (26 km .) e a s t  o f A g ib e lb e l, and th e  pumice h o r iz o n s  

th e r e  a re  th u s  c o n s id e re d  to  be an a i r f a l l  p y r o c la s t ic  d e p o s it  a t t r i 

b u ta b le  to  t h a t  v o lc a n o .

C7. THE KAPEDDO FORMATION

T his  h as  i t s  maximum developm ent in  M cClenaghan’ s a r e a ,  where 

i t  c o n s i s t s  o f  a l t e r n a t i n g  pumice t u f f s  and b a s a l t  la v a s .  The th i c k e s t  

developm ent o f t u f f s  i s  th e  Kapeddo t u f f s . These a re  cream co lo u re d  

o r  y e llo w ish  and around  Kapeddo a re  a t  l e a s t  40 f t .  (12 m.) t h i c k .

They b la n k e t th e  lo w es t o f th e  Ribkwo Complex f o o t h i l l s ,  being  s te e p ly  

banked in  p la c e s  a g a in s t  th e  o ld e r  t r a c h y te s .  The L o ru sio  B a sa lt  i s  

c o n s id e re d  by McClenaghan to  be one o f  th e  b a s a l t s  in  t h i s  fo rm a tio n . 

The two members in  th e  a u th o r 's  a re a  w i l l  be c o n s id e re d  in d iv id u a l ly .

The fo rm a tio n  i s  u n doub ted ly  r e l a t e d  g e n e t ic a l ly  to  th e  a d ja c e n t 

v o lcan o  S i l a l i .

(a )  The L o ru s io  B a s a lt  o ccu rs  in  th e  extrem e s o u th e a s te rn  co rn e r 

o f  th e  a re a  a d ja c e n t to  th e  S uguta R iv e r .  I t  form s a  low f e a tu r e  

abou t 4 f t .  ( 1 .3  m .) h ig h , and c o n s is t s  o f  a  s in g le  flow  o f o l i v in e -  

b a s a l t  .

(b ) The Kapeddo T u ffs  in  th e  p re s e n t  a r e a  a re  on ly  abou t 10 f t .  

( 3 m * )  t h i c k .  They a re  p re s e n t  on ly  in  stream  ch an n e ls  and a s  a  few 

o u t l i e r s  on th e  f lo o r  o f  K ariam angro C a ld e ra . They appear to  r e p re s e n t  

th e  most n o r th e r ly  e x te n s io n  o f  a  phase o f p y r o c la s t ic  a c t i v i t y  

a s s o c ia te d  w ith  th e  c e n t r a l  vo lcano  S i l a l i .  At Kapeddo, th e  Kapeddo
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T u ffs  c o n s is t  o f  pumice l a p i l l i  in  a tu f fa c e o u s  m a tr ix . In  th e  p re s e n t 

a r e a ,  th e  l a p i l l i  a re  g e n e ra l ly  broken down, and th e  m a trix  c o n ta in s  

comminuted m a te r ia l  d e r iv e d  from th e  Ribkwo Complex, and p o s s ib ly  

r i v e r i n e  s i l t .  They a re  a c c o rd in g ly  f in e r - g r a in e d  th a n  a t  t h e i r  ty p e  

l o c a l i t y ,  a r e  r a th e r  d u l l e r  in  c o lo u r , and have a prom inent la m in a tio n , 

o c c a s io n a l ly  c ro s s -b e d d e d , c o n s is te n t  w ith  th e  in fe re n c e  t h a t  th e y  

have been r e s o r t e d .

Over most o f  th e  f l a t  ground betw een th e  Ribkwo Complex f o o t 

h i l l s  and S i l a l i ,  th e  Kapeddo T u ffs  a re  obscured  by a  t h in  v en eer 

o f brown s o i l .

The A g ib e lb e l and Kapeddo F o rm ations a re  th e  youngest v o lc a n ic  

fo rm a tio n s  i n  th e  a r e a ,  be ing  connec ted  w ith  th e  a x i a l  zone c e n t r a l  

v o lc a n o e s . They a re  p ro b ab ly  m iddle to  upper P le is to c e n e  in  ag e .

R ecent D e p o s its

These have n o t been c l a s s i f i e d  s t r a t i g r a p h i c a l l y . They a re  

d is t in g u is h e d  on th e  map o n ly  on th e  e a s te r n  s id e ,  s in c e  most o f  th e  

K erio  P la in s  a re  covered  in  re c e n t g ra v e ls  and a llu v iu m . The 

fo llo w in g  tre a tm e n t i s  n o t s t r a t i g r a p h i e ,  bu t p u re ly  d e s c r ip t iv e .

( i )  A lluv ium . E x te n s iv e  d e p o s its  o f r i v e r i n e  a llu v iu m  occur 

a lo n g  th e  K erio  R iv e r .  I t  i s  l i g h t  brown in  c o lo u r ,  f in e - g r a in e d ,  

w ith  no b o u ld e rs .  Over th e  r e s t  o f  th e  a r e a ,  and n e a r  th e  Suguta 

R iv e r , i t  i s  a s s o c ia te d  w ith  b o u ld e r beds and g r a v e ls .

( i i )  B oulder beds and g r a v e l s . B oulder beds occur in  n e a r ly  

ev e ry  r i v e r  c h a n n e l, and a re  an e f f e c t  o f  th e  s e a so n a l d i s t r i b u t io n  

o f  r a i n f a l l .  B locks up to  20 f t .  (6 m .) a c ro s s  were reco rd ed  in  some 

in s ta n c e s .  B oulder beds may g rad e  in to  f i n e r  g ra in e d  d e p o s i ts ,  

th ro u g h  g r a v e l s ,  i n to  sa n d s .

S h e e ts  o f  g ra v e l  o ccu r on th e  K erio  and S uguta p la in s .  On th e
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fo rm er, th e r e  i s  a  h ig h  c o n t r ib u t io n  o f  basem ent m a te r ia l ,  which i s  

more o b d u ra te  th a n  v o lc a n ic  d e t r i t u s .  C onsequen tly , th e  t u f f s  between 

th e  K o lloa  ro ad  and th e  K erio  R iv e r a re  s trew n  w ith  a g ra v e l  which 

c o n ta in s  v e ry  l i t t l e  t u f f ,  bu t many rounded p eb b le s  o f q u a r tz ,  g n e is s  

and p e g m a tite .

The S uguta p la in s  a re  covered  w ith  a g ra v e l  which c o n s is ts  a lm ost 

w ho lly  o f t r a c h y te  and w elded t u f f  p e b b le s . N eare r to  o u tc ro p s  o f  th e  

Kamosing F o rm atio n , b a s a l t  c o n t r ib u te s  to  th e  m a te r ia l  in  th e  g r a v e l s .  

Many o f  th e  p eb b le s  a re  co a ted  w ith  a  g lo s s y  d e s e r t  v a rn is h .  Near 

K ahanav isian  -and th e  P a t iv a t  H i l l s ,  th e  Suguta P la in s  a re  s trew n  w ith  

v a rn is h e d  b o u ld e rs  o f b a s a l t .

( i i i )  Hot s p r in g  d e p o s i t s . These occur a t  L o ru s io , a s s o c ia te d  

w ith  th e  h o t s a l i n e  s p r in g s .  The w ate r i s  p ro b ab ly  e n t i r e ly  m e teo ric  

in  o r ig in ,  s in c e  th e  flow  from th e  s p r in g s  i s  n o t ic e a b ly  g r e a te r  

d u rin g  tim e s  o f  r a i n .  A te m p e ra tu re  o f 72°C was re c o rd e d  from one 

o f th e  s p r in g s .  The w a te rs  a re  s a l in e  and q u i te  u n d r in k a b le . Between 

L o ru s io  and th e  Suguta R iv e r , th e  sp r in g  w a te rs  a re  s u b je c t  to  a  h ig h  

d eg ree  o f e v a p o ra tio n , a s  l o c a l  daytim e te m p e ra tu re s  o f te n  exceed 

105°F , and th e  p la in s  a re  c o a te d  w ith  a  th in  w h ite  c r u s t  o f e v a p o r i te .  

X -ray  f lu o re s c e n c e  ( a n a ly s t ,  S .D . Weaver) in d i c a te s  t h a t  th e  s a l t  i s  

a c a rb o n a te  and c h lo r id e  o f sodium and p o ta ss iu m . Wet chem ical 

a n a ly s i s  co n firm s t h i s ,  and in d i c a te s  th e  p re sen ce  o f th e  su lp h a te  

r a d i c l e .
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In tro d u c t io n

The s t r u c tu r e  in  th e  p re s e n t  a re a  i s  dom inated by th e  a n t i c l i n e  

r e f e r r e d  to  i n  th e  in t r o d u c t io n  to  C hap ter 2 , and by th e  c o n t in u a tio n  

o f a c t i v i t y  on th e  e a s te r n  lim b o f  t h i s  a n t i c l i n e  in to  c o m p ara tiv e ly  

re c e n t  t im e s . The w este rn  lim b h a s  a ls o  been a f f e c te d  by f a u l t i n g ,  

b u t th e r e  i s  ev idence  t h a t  a c t i v i t y  ceased  a t  an e a r ly  s ta g e  in  th e  

h i s to r y  o f th e  a r e a .  The fo llo w in g  tre a tm e n t o f th e  s t r u c tu r e  and 

geom orphology i s  e s s e n t i a l l y  in  c h ro n o lo g ic a l o rd e r .  F ig .  6 l  i s  a  

s t r u c t u r a l  map o f th e  a r e a .

1 . S t r u c tu r e s  in  th e  M etamorphic Basement

No d e t a i l e d  mapping o f  th e  basem ent was u n d e rta k e n , and hence no 

d e t a i l s  co n ce rn in g  sm all s c a le  s t r u c tu r e s  a re  a v a i l a b l e .  McClenaghan 

( o p .c i t . )  d is t in g u is h e d  la rg e  i s o c l i n a l  fo ld s  w ith  v e r t i c a l  a x i a l  

p la n e s ,  th e  h in g e s  o f which p lunge s te e p ly  so u th so u th w e s t, In  th e  

p re s e n t  a r e a ,  no such  fo ld s  were d is t in g u is h e d ,  no r was any such 

p a t t e r n  i n f e r r e d  from th e  f o l i a t i o n  re a d in g s  ta k e n . However, th e  f a c t  

t h a t  most o f th e  f a u l t s  in  th e  a re a  t r e n d  between n o r th - s o u th  and 

n o r th e a s t - s o u th w e s t  su g g e s ts  t h a t  th e r e  i s  some fundam ental c o n t r o l .

2 . The S ub-V olcan ic  S u rface

The v a r io u s  f l a t  e ro s io n  s u r fa c e s  in  E a s t A fr ic a  have g iven  r i s e  

to  much d is c u s s io n  and h y p o th e s iz in g  co n ce rn in g  t h e i r  c o r r e l a t i o n  and 

s ig n i f i c a n c e .  The n om encla tu re  i s  ex trem ely  v a r i a b le ,  th e  u s u a l form s 

b e in g  e ro s io n  l e v e l ,  e ro s io n  s u r f a c e ,  e ro s io n  b e v e l ,  p e n e p la in , e t c . ,  

q u a l i f i e d  by such p r e f ix e s  as end-M iocene, sub-M iocene, 4 ,000  f t . ,

6 ,0 0 0  f t ,  e t c .  The p re s e n t  a u th o r  r e j e c t s  th e  te rm s l e v e l  and 

p e n e p la in  a s  th e  im p o rta n t s u r fa c e s  a re  r a r e l y  e i t h e r .  S im ila r ly ,  

s t r a t i g r a p h i e  q u a l i f i e r s  w i l l  n o t be u sed , s in c e  s u r fa c e s  a re  no t 

alw ays a c c u r a te ly  d a te d . Terms such a s  "6 ,0 0 0  f t .  e ro s io n  s u r fa c e "  a re
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n o t a d v o ca ted , s in c e  a s u r fa c e  may be g r e a t ly  a f f e c te d  by f a u l t in g  

and w arp ing , so t h a t  i t  may o ccu r a t  any h e ig h t .

The s u r fa c e  p r e s e n t ly  under d is c u s s io n  i s  th u s  term ed  th e  sub- 

v o lc a n ic  s u r f a c e .  I t s  o u tc ro p  in  th e  p re s e n t  a re a  h as  been d is c u s s e d  

in  C hap ter 2 . I t  i s  p roposed  h e re  to  d is c u s s  th e  s u r fa c e  in  a 

r e g io n a l  c o n te x t ,  and th e n  to  g iv e  an accoun t o f th e  n a tu re  o f  i t s  

d e fo rm a tio n .

By th e  m iddle o f  Miocene tim e s , a m ature s u r fa c e  i s  th o u g h t to  

have ex ten d ed  over much o f  E a s t A fr ic a  (P u lf r e y ,  I9 6 0 , p p .1 - 3 ) .  In  

p la c e s ,  h i l l y  r e g io n s  p ro je c te d  above t h i s  s u r f a c e ,  such a s  th e  

C herangan i H i l l s  o r th e  M atthews Range on th e  e a s te r n  sh o u ld e rs  o f 

th e  p re s e n t  r i f t  v a l le y  (S h a c k le to n , 1946, p p .4 4 -4 3 ) . The s i t e  o f  th e  

p re s e n t  r i f t  v a l le y  was o ccup ied  by a  l i n e a r  downwarp, so t h a t  th e  

mid-M iocene e ro s io n  s u r fa c e  was n o t a  t r u e  p e n e p le in .  F ig .  9»

The in f lu x  o f  c o a rse  sed im en ts  re p re s e n te d  by th e  Turkana G r i t s  

r e f l e c t s ,  i t  i s  i n f e r r e d ,  th e  e a r l i e s t  movements a lo n g  th e  E lgeyo and 

K ulr f a u l t s .  P eb b le s  o f  v o lc a n ic  m a te r ia l  o ccu r s p o r a d ic a l ly  i n  th e  

lo w es t T urkana G r i t s  (p .  20 ) ,  p o s s ib ly  d e r iv e d  from fo rm a tio n s  eq u iv a

l e n t  to  th e  Turkana B a s a l t s ,  which have been r a d io m e t r i c a l ly  d a te d  

a t  c .  23 m .y. (W alsh & Dodson, I 9 6 9 , p .4 0 ) .  The e a r l i e s t  Turkana 

G r i t s  w ere d e p o s ite d  i n  i s o l a t e d  b a s in s .  One such  i s  t h a t  i n  th e  

p re s e n t  a r e a ,  on th e  w est o f  th e  basem ent a r c h .  Downwarping tow ards 

th e  p re s e n t  p o s i t i o n  o f  th e  E lgeyo Escarpm ent p re v e n te d  th e  b a s in  

from f i l l i n g ,  so t h a t  800  f t .  (243 m.) o f g r i t s  and g r a v e ls  accumu

l a t e d .  The b a s in  i s  o n ly  a  l o c a l  f e a t u r e ,  s in c e  th e s e  sed im en ts  a re  

a b se n t from  th e  mapping a re a  to  th e  s o u th . They a re  p re s e n t  in  

W eaver's  a r e a ,  a lth o u g h  n o t l a t e r a l l y  co n tin u o u s  w ith  th e  o u tc ro p  in  

th e  p re s e n t  a r e a .  However, d u rin g  th e  m iddle o f K ap ch ere ra t F orm ation  

t im e s , s e d im e n ta t io n  s p re a d , so t h a t  in  W eaver's  a r e a ,  th e  Kei Pa So 

san d s to n e  r e s t s  d i r e c t l y  on th e  basem en t.
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Downwarping th e n  co n tin u e d  d u rin g  and a f t e r  th e  e ru p tio n  o f th e  

K o llo a  and Tugen H i l l s  G roups, on a  c o m p ara tiv e ly  narrow  h inge  zone. 

The f a u l t s  which a f f e c t  th e  v o lc a n ic s  w est o f th e  basem ent a rc h  a re  

p o s s ib ly  contem poraneous w ith  l a t e r  downwarping, bu t th e re  i s  no 

ev id en ce  fo r  th e  age o f th e  f a u l t s ,  excep t t h a t  th e y  do n o t a f f e c t  

th e  K erio  s u r f a c e .

The c e n t r a l  p o r t io n  o f th e  a rc h  was a  r e l a t i v e l y  s ta b l e  b lo c k , 

and th e r e  seems to  have been no d e fo rm a tio n  o f th e  su b -v o lc a n ic  

s u r fa c e  t h e r e ,  a t  any s ta g e  i n  th e  h i s to r y  o f  th e  a r e a .

Downwarping on th e  e a s te r n  s id e  o f th e  a rc h  h as  le d  to  th e  

developm ent o f  th e  T i a t i  M onocline, A gain, th e  e a r l i e s t  movements 

ap p ea r t o  have o p e ra te d  over a  narrow  h in g e  zone, a s  th e r e  a re

a p p re c ia b le  d i f f e r e n c e s  i n  d ip  over s h o r t  h o r iz o n ta l  d i s ta n c e s .  T h is

i s  known to  be p a r t l y  acco u n ted  f o r  by lo c a l  topog raphy  (F ig .  12) 

and i t  seems l i k e l y  t h a t  th e  c e n t r a l  p o r t io n  o f th e  a rc h  a lre a d y  

e x is te d  a s  a  to p o g ra p h ic  f e a tu r e ,  p o s s ib ly  d e te rm in ed  by o ld e r  

s t r - 'c t u r a l  e lem en ts  which a re  now d i f f i c u l t  to  re c o g n iz e . The sub - 

v o lc a n ic  s u r fa c e  on to p  o f  th e  a rc h  i s  n e i th e r  f l a t  no r l e v e l ,  a s

i t  h a s  ov er 200 f t ,  (60  m .) o f r e l i e f ,  see  F ig ,  9 .

The n a tu re  o f  th e  su b -v o lc a n ic  s u r fa c e  b en ea th  T i a t i  and th e  

younger v o lc a n ic s  e a s t  o f  i t  i s  unknown. I t  i s  a lm ost c e r t a in  to  

be a f f e c te d  by th e  Chepkoi and r e l a t e d  f a u l t s ,  and i s  in v o lv e d  in  

th e  T i a t i  M onocline.

3 . S t r u c t u r a l  Environm ent o f  th e  K o llo a  and Tugen H i l l s  Groups

The K o lloa  and Tugen H i l l s  Groups i n  th e  p re s e n t  a r e a  c o n t r a s t  

g r e a t ly  w ith  t h e i r  c o u n te rp a r ts  in  a re a s  f u r th e r  s o u th . Not o n ly  a re  

th e  e ru p t iv e  p ro d u c ts  g r e a t ly  d i f f e r e n t ,  p . 4 0 , bu t th e  s t r u c t u r e s  

a f f e c t in g  them a l s o  d i f f e r ,  and i t  i s  n o t u n re a so n a b le  to  suppose 

t h a t  th e  two d i f f e r e n c e s  a r e  i n  some way co n n ec ted .
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The s t r u c tu r e  o f th e  Tugen H i l l s  Group around  0 % 3 ’N i s  dom inated 

a t  th e  p re s e n t  day by th e  Saimo F a u l t ,  which downthrows to  th e  e a s t  a t  

l e a s t  10 ,000  f t .  ( 3OOO m.) (M artyn, o p .c i t . ,  p . l 6 2 ) ,  and which was 

a c t iv e  v e ry  e a r ly  in  th e  h i s to r y  o f th e  G roup. The s t r u c tu r e  o f th e  

Tugen H i l l s  Group became more and more complex in  th e  P lio c e n e , a s  

c r e s t a l  g rab en s  and h o r s t  b lo c k s  d ev e lo p ed . T here were a ls o  move

m ents l a t e  in  th e  h i s to r y  o f  th e  B aringo a r e a .  N orthw ards, th e  Saimo 

F a u lt  p a s se s  in to  th e  K ito  P ass  F a u l t  (M cClenaghan, o p . c i t , ) ,  which 

b re a k s  up in to  a  number o f  s p la y  f a u l t s  a t  abou t 1 ° 1 1 'N . T hree o f 

th e s e ,  n o ta b ly  th e  Chepkoi F a u l t ,  p a ss  in to  th e  p re s e n t  a r e a .  N orth  

o f  l ° l 6 'N , th e r e  a re  no f a u l t s  o f  any s ig n i f i c a n t  m agnitude e a s t  o f 

th e  main w a te rsh e d .

I t  i s  th o u g h t t h a t  n o r th  o f  l ° l 6 *N, la rg e  f a u l t s  g iv e  p la c e  to  

m onoclines which warp th e  o ld e r  v o lc a n ic s  downwards to  th e  e a s t .

The e a r l i e s t  a c t i v i t y  o f t h i s  n a tu re  i s  th o u g h t to  have ta k e n  

p la c e  a t  l e a s t  d u rin g  th e  e ru p tio n  o f th e  K ap ch ere ra t F o rm atio n , and 

p o s s ib ly  a s  e a r ly  a s  th e  Turkana G r i t s .  T here i s  a g e n e ra l concen

t r a t i o n  o f dykes i n  n o r th - s o u th  a lig n m en t ap p ro x im a te ly  a lo n g  lo n g i

tu d e  33^52^'E* J u s t  e a s t  o f  t h i s  (F ig ,  6I )  i s  a  su sp e c te d  f a u l t  

a f f e c t i n g  th e  K ap ch ere ra t F o rm ation  w ith  a  throw  o f a t  l e a s t  7 OO f t .  

(213  m, ) .  Along 3 5°53 ‘ a re  th e  Ghepachaghom V olcano and some t r a c h y te  

dykes. T h is  n o r th - s o u th  zone i s  in f e r r e d  to  be over th e  e a r ly  mono- 

c l i n a l  h in g e  l i n e .

L a te r  i n  th e  h i s to r y  o f th e  Tugen H i l l s  Group i n  th e  p re s e n t  a r e a ,  

th e  so u rc e s  o f  a c t i v i t y  m ig ra te d  e a s tw a rd s , so t h a t  th e  C heptuim et 

T ra c h y te , th e  C h e s i to i  i n t r u s i o n ,  and th e  K elan p lu g  a l l  occu r a lo n g  

a  n o r th - s o u th  zone betw een 33°36* and 33^57’ • T h is  zone a l s o  a c te d  

a s  th e  h in g e  abou t which th e  L elg rong  T u ffs  were t i l t e d ,  F ig .  19, and 

i s  th o u g h t to  be th e  l a t e r  m o n o c lin a l h in g e . F ig .  6I ,  I t  c o n tin u e s  

n o rth w ard s  i n to  th e  R a a tu t A rch, s e c t io n  6 below .
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T h is  m ig ra tio n  o f a c t i v i t y  tow ards th e  c e n tre  o f  th e  r i f t  

becomes in c r e a s in g ly  obv ious in  th e  P lio c e n e  and P le is to c e n e ,  th ro u g h 

ou t t h i s  re g io n  o f  th e  r i f t  v a l le y ,  on bo th  th e  e a s t  and w est s id e s .  

A sso c ia te d  w ith  i t  i s  th e  t r e n d  fo r  th e  o ld e r  ro c k s  to  p ass  inw ards 

b en ea th  th e  younger ru c k s , e i t h e r  by re p e a te d  f a u l t in g ,  o r by th e  

m o n o c lin a l downwarping d e sc r ib e d  above, o r b o th  com bined.

F a u l t s  in  th e  K o lloa  and Tugen H i l l s  Groups in  th e  p re s e n t a re a  

a re  r e l a t i v e l y  few in  num ber. P ro b ab ly  th e  o ld e s t  i s  t h a t  a s s o c ia te d  

w ith  th e  e a r ly  m o n o c lin a l a x i s .

West o f th e  basem ent a rc h , th e r e  a re  f iv e  s t r i k e  f a u l t s ,  s t r i k i n g  

between n o r th - s o u th  and n o r th e a s t - s o u th w e s t ,  which cause  th e  su c c e s 

s io n  to  be re p e a te d  s e v e ra l  t im e s . These f a u l t s  a r e  c o n s id e re d  to  be 

r e l a t e d  to  downwarping o f t h i s  s e c t io n  o f  th e  a re a  tow ards th e  

p o s i t io n  o f th e  E lgeyo E scarpm ent.

E a s t o f  th e  a rc h , th e r e  i s  an obv ious s c a r c i t y  o f f a u l t in g  in  

th e  Tugen H i l l s  Group. The K ito  P ass  F a u l t ,  which downthrows a t  

l e a c t  1 ,3 0 0  f t .  (460 m.) to  th e  e a s t  a t  1°13 'N  s p l i t s  up th e r e  in to  

s e v e r a l  sm a lle r  f a u l t s ,  o f which th e  Chepkoi f a u l t  i s  one o f th e  most 

p ro m in en t. F u r th e r ,  th o s e  f a u l t s  t h a t  a r e  p re s e n t  do n o t o ccu r on any 

s in g le  t r e n d .  The f a u l t  i n  sq u are  l8 4 0  i s  a lm ost a t  9.0° to  t h a t  in  

sq u a re  2938. The l a t t e r  f a u l t  b r in g s  up an i n l i e r  o f  Karu R iv e r 

B a s a l t s .  I f  th e s e  a re  e q u iv a le n t  to  th e  K ap ch erera t F o rm atio n , and 

th e  to p  s u r fa c e  o f  th e  l a t t e r  a t  203390  i s  ta k e n  to  d ip  10° eas tw ard s  

w ith o u t i n t e r r u p t i o n ,  t h i s  f a u l t  would have a  throw  o f  3 ,0 0 0  f t .

(1300  m. ) .

Two sm all f a u l t s  i n  sq u are  2348 b r in g  up an  i n l i e r  o f K ap ch ere ra t 

F o rm ation  b a s a l t s .

The f a u l t  w hich a f f e c t s  th e  M olingot o u t l i e r  o f  C heptuim et 

T ra c h y te -p h o n o li te  in  sq u are  2743 may be a  p u re ly  s u p e r f i c i a l  e f f e c t  

consequen t upon la n d s l ip p in g  o f  th e  t r a c h y te  ov er th e  L elg rong  T u f f s .
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No d isp lacem en t o f  th e  t u f f s  was seen  b en ea th  th e  o u t l i e r ,  bu t t h i s  

would in  any ca se  be d i f f i c u l t  to  d e te c t  in  such a  l i th o lo g y .

Three sm a ll f a u l t s  a f f e c t  th e  Kapkaru Lavas n e a r  330402. The 

throw  i s  l e s s  th a n  3 0 -6 0  f t .  ( c .  17 m .) in  each c a s e .

In  c o n t r a s t  to  th e  f a u l t s  i n  th e  Tugen H i l l s  Group w est o f  th e  

a rc h , th o se  e a s t  o f i t  te n d  to  t r e n d  betw een n o r th  and n o r th w e s t.

4 .  P re -  T ir io k o  B a s a l ts  E v en ts

The T ir io k o  B a s a l ts  were e ru p te d  on to  a  topography  o f con

s id e r a b le  r e l i e f .  F ig .  24 , However, no f a u l t  s c a rp s  were re c o g n iz e d , 

no r i s  th e r e  any need  to  invoke u p l i f t  and re ju v e n a t io n  to  acco u n t fo r  

th e  to p o g rap h y , s in c e  th e  e ru p t io n  o f th e  T i a t i  v o lc a n ic s  on to  a  

f a i r l y  m ature s u r fa c e  would g r e a t ly  a f f e c t  th e  d ra in a g e , lo w erin g  th e  

r e l a t i v e  base  l e v e l ,  and c au s in g  im m ediate i n c i s io n .  The p ro c e s s  was 

o b v io u s ly  a id e d  by th e  h ig h  p ro p o r tio n  o f p y r o c la s t i c s  i n  th e  L elg rong  

T u ffs  and e lsew h ere  in  T i a t i .

I t  i s  p ro b ab le  th e n  th a t  th e r e  were no p re -  T ir io k o  B a s a l ts  

t e c to n ic  e v e n ts .

3» P re^  K iddeh Group Event s

These in c lu d e  b o th  f a u l t i n g ,  and r e l a t i v e  u p l i f t  a lo n g  th e  

so u th e rn  m argin o f th e  a r e a .

The faulting, and its effects on the complexes of the Kiddeh 

Group have been discussed in Chapter 2, pp. 47-48» The southern 

parts of the Chepkoi and Chemartos faults are entirely pre-Ribkwo 

in age, but activity has continued along their northern limits into 

Ribkwo times. These faults thus 'young* northwards. At 1°23*N, 

however, these faults die out, and are replaced to the east by 

presumably younger faults affecting the Kachila Volcanics.

The K a 'a t  F a u l t  i s  e n t i r e l y  o f  p re -  K afkandal Complex age a s  

f a r  n o r th  a s  1 °3 0 'N .
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Because o f  th e  g r e a t  v a r i a t io n  in  th ic k n e s s  from so u th  to  n o r th  

in  th e  a re a  o f  th e  T ir io k o  B a s a l ts ,  i t  i s  su sp e c te d  th a t  much o f t h e i r  

form er th ic k n e s s  was removed by e ro s io n  a t  th e  sou thw ards p a r t  o f 

t h e i r  o u tc ro p . The p re sen ce  o f a  th i c k  l a t e r i t i c  s o i l  su p p o r ts  t h i s  

in f e r e n c e .  The base o f th e  b a s a l t s  a t  Chepkoi i s  h ig h e r  th a n  a t  

A kore t, and i s  h ig h e r  s t i l l  ben ea th  th e  w este rn  edge o f  th e  Ribkwo 

P la te a u .  I f  t h i s  d is p o s i t io n  was dependent on ly  on o r ig in a l  to p o 

g raphy , th e r e  sh o u ld  be a  c o n c e n tra t io n  o f  b a s a l t  dykes i n  t h i s  re g io n  

to  acco u n t f o r  th e  p re sen ce  o f  th e  b a s a l t s .  S in ce  th e r e  i s  none, 

i t  i s  i n f e r r e d  t h a t  th e y  reac h ed  t h i s  p o s i t io n  by u p l i f t  a f t e r  t h e i r  

e r u p t io n .  The u p l i f t ,  r e f e r r e d  to  a s  th e  Chepkoi u p l i f t ,  p ro b ab ly  

o c c u rre d  abou t an e a s t-w e s t  a x is  a t  abo u t 1° 1 3 'N . The e x ac t p o s i t io n  

i s  n o t known s in c e  t h i s  a re a  was in v o lv e d  i n  a  younger, s im i la r  t i l t  

which a l s o  a f f e c t s  th e  Ribkwo P la te a u ,  and to o k  p la c e  abou t an a x is  

s l i g h t l y  so u th  o f  t h a t  p r e s e n t ly  under d is c u s s io n .

F u r th e r  ev id en ce  o f t i l t i n g  i s  a f fo rd e d  by th e  a n g u la r  uncon

fo rm ity  between th e  b a s a l t s  and th e  o v e r ly in g  t r a c h y te s .  T h is  i s  

e s p e c ia l ly  n o t ic e a b le  b en ea th  T un tu ly o n , where th e  T ir io k o  B a s a l ts  

d ip  e a s tn o r th e a s t  a t  c . lO ° ,  and th e  t r a c h y te s  d ip  n o r th n o r th e a s t  

a t  3 ° -4 ° .

Beneath Kafkandal, the basalts dip almost due eastwards, and it 

is thus inferred that the Chepkoi uplift had no effect this far north.

6 . Further Development of the Tiati Monocline

The n o r th e rn  p a r t  o f  th e  main w a te rsh ed  re g io n  i n  th e  p re s e n t 

a r e a  i s  a f f e c t e d  by th r e e  s t r u c t u r e s ,  which a re  p ro b ab ly  th e  same age 

a s  th e  e a r l i e s t  a c t i v i t y  in  th e  Kiddeh G roup. They a re  s i tu a te d ,  

how ever, abou t 5 m ile s  w est o f  th e  n o r th - s o u th  tr e n d in g  zone a lo n g  

which th e  Ribkwo, K afkandal, and Nasaken Complexes o c c u r , and a re  

th u s  th o u g h t n o t to  be i n  s t r u c t u r a l  co n n e c tio n  w ith  i t .  In s te a d ,
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th e y  a re  c o n s id e re d  to  be a r e s u l t  o f  renewed te c to n is ra  a lo n g  th e  

n o r th e rn  p a r t  o f th e  T i a t i  M onocline.

A c t iv i ty  p ro b ab ly  s t a r t e d  h e re  d u rin g  T ir io k o  B a s a lt  t im e s , s in c e  

th e  b a s a l t s  a re  v e ry  th i c k  in  t h i s  a r e a .  However, no mapping h as  y e t 

been c a r r i e d  ou t beyond th e  l i m i t s  o f t h i s  s e c to r  o f th e  p re s e n t  a re a ,  

and i t  i s  n o t p roposed  to  d is c u s s  th e  p o s s ib le  th ic k n e s s  and e x te n t 

th e re  o f th e  T ir io k o  B a s a l t s .

The th r e e  s t r u c t u r e s  a f f e c t in g  t h i s  s e c to r  a r e : -

(a )  The Kewarr H o rst

(b ) The Mugor Dyke Swarm

(c )  The R aa tu t A rch.

(a )  The Kewarr H o r s t , s i tu a te d  in  th e  n o rth w e s t o f  th e  a r e a ,  

c o n s i s t s  o f an u p fa u l te d  i n l i e r  o f  p h o n o li te s  and t u f f s ,  b rough t up 

betw een two c u r v i l in e a r  ap p ro x im ate ly  n o r th - s o u th  tr e n d in g  f a u l t s .

The p h o n o li te s  a re  s im i la r  i n  l i th o lo g y  to  th o se  in  th e  T iriom im  

V o lcan ic s  w hich o ccu r betw een 4 ,0 0 0  f t .  O.D. and ^,000 f t .  O.D, on ly  

2 m?.les (3 km .) w es tso u th w e s t. Those in  th e  h o r s t  occur betw een 

4 .2 0 0  f t .  and 4 ,3 0 0  f t .  O .D ., i . e .  a t  th e  same h e ig h t a s  th o s e  in  th e  

T iriom im  V o lc a n ic s . The f a u l t e d  r e l a t i o n s h ip ,  how ever, i s  p roven  by 

th e  s t r a i g h t  c o n ta c t  betw een p h o n o li te s  and b a s a l t s ,  and by th e  

o ccu rren c e  o f  b r e c c ia te d  b a s a l t s  a t  271333* At t h i s  l o c a l i t y ,  th e  

f a u l t  p la n e  i s  seen  to  d ip  e a s tw ard s  a t  c . 60° .

The n o r th e rn  c o n ta c t  i s  o b sc u re , bu t a p p e a rs  to  d ip  n o rth w ard s . 

The so u th e rn  c o n ta c t  i s  more o r l e s s  h o r iz o n ta l  a t  th e  i n l i e r  i t s e l f ,  

b u t may i n  f a c t  r i s e  v e ry  g e n t ly  sou thw ards, s in c e  s u c c e s s iv e  o u tc ro p s  

o f  th e  Tugen H i l l s  Group o ccu r a t  h ig h e r  a l t i t u d e s  sou th w ard s , see 

co n to u re d  map o f  sub - T ir io k o  B a s a l ts  s u r f a c e .  F ig .  24 . The sm all 

i n l i e r  o f  t u f f s  a t  269331  i s  p ro b ab ly  a s s o c ia te d  w ith  th e  e a s te r n  

Kewarr H o rst f a u l t .
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The throw  on th e  f a u l t s  i s  n o t known. I n l i e r s  o f T i a t i  sub

group o ccu r in  sq u a re s  2832  and 2933, a t  h e ig h ts  o f c .  4 ,0 0 0  f t .  O .D ,, 

where th e  s u b -b a s a l t  s u r fa c e  i s  lo c a l ly  r i s i n g  g e n t ly  w estw ards. 

However, i t s  a l t i t u d e  im m ed ia te ly  e a s t  o f Kewarr i s  n o t known. There 

i s  no in fo rm a tio n  co n ce rn in g  th e  throw  o f th e  w este rn  f a u l t .

(b ) The Mugor dyke swarm i s  an im p re ss iv e  t r a i n  o f  f i s s i l e  

t r a c h y te  dykes, a l ig n e d ,  in d iv id u a l ly  and c o l l e c t i v e l y ,  s l i g h t l y  

w est o f  n o r th ,  over a le n g th  o f  8 m ile s  ( l4  km.) and up to  2 km. 

w ide. The main a x i s  o f th e  dyke swarm p a sse s  j u s t  e a s t  o f th e  

Kewarr H o rs t .  At 272361, a t r a c h y te  dyke h a s  been in t ru d e d  a lo n g  

th e  f a u l t  p la n e , bu t h as  no t been a f f e c te d  by i t ,  th e r e  be ing  a  

s tro n g  c o n t r a s t  betw een th e  b r e c c ia te d  t r a c h y te  o f  th e  Kewarr H o rs t , 

and th e  u n a f fe c te d  t r a c h y te  dyke. Thus th e  Mugor dyke swarm i s  

younger th a n  th e  Kewarr H o rs t .

The dykes a re  d e s c r ib e d  i n  C hap ter 3* In  th e  extrem e n o r th  o f 

th e  a r e a ,  l i t h o l o g i c a l l y  s im i la r  t r a c h y te  dykes a re  s p a r s e ly  d i s 

t r i b u t e d  betw een Mugor and K afkandal, in d i c a t in g  th a t  th e  Mugor dyke 

sv;arm, and th e  e a r ly  K afkandal V o lc a n ic s , were more o r  l e s s  contem

p o ran eo u s .

(c )  The R a a tu t Arch i s  c lo s e ly  a s s o c ia te d  w ith  th e  Mugor dyke 

swarm. I t  c o n s i s t s  o f  a  s l i g h t  f le x u r in g  o f  th e  T ir io k o  B a s a l ts  

and Mugor T ra c h y te s  abou t an a x is  c o in c id in g  a p p ro x im a te ly  w ith  t h a t  

o f  th e  dyke swarm. I t  was no t re c o g n iz e d  on th e  s p o t ,  bu t from th e  

n o r th e rn  s lo p e s  o f  C heptuim et w here, lo o k in g  n o rth w ard s , th e  f e a tu r e s  

r e p re s e n t in g  in d iv id u a l  b a s a l t  flow s can be re c o g n iz e d  and v is u a l iz e d  

in  r e l a t i o n s h ip  to  each o th e r .  The b a s a l t s  on th e  w este rn  s id e  o f 

th e  a rc h  d ip  abo u t 7 ° n o rth w estw ard s , b u t a re  s e n s ib ly  h o r iz o n ta l  

n e a r  i t s  c e n t r e ,  ex cep t f o r  l o c a l ,  p ro b ab ly  o r ig i n a l  v a r i a t i o n s .

The arching appears also to have affected the Mugor Trachytes
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s in c e  th e  o u tc ro p s  in  sq u are  2339 d ip  g e n t ly  n o rth w estw ard s . They 

a re  a l s o  a f f e c te d  by a  f a u l t ,  downthrowing c .  300  f t .  (90  m.) to  th e  

e a s t .

I t  i s  en v isag ed  t h a t  a rc h in g  c r e a te d  a  t e n s io n a l  f i e l d  a lo n g  th e  

c r e s t  o f which was in j e c te d  th e  Mugor dyke swarm. Those dykes th a t  

broke s u r fa c e  gave r i s e  to  th e  Mugor T ra c h y te s . A rching must have 

c o n tin u e d  a f t e r  magma ceased  to  be a v a i la b l e ,  s l i g h t l y  updoming th e  

t r a c h y te s .  T h is  u p l i f t  a f f e c te d  th e  d ra in a g e , a l t e r i n g  th e  p o s i t io n  

o f th e  main w a te rsh ed , see  C hap ter 4 .

T h is  a p p e a rs  to  be th e  l a s t  a c t i v i t y  on th e  T i a t i  M onocinnal 

a x i s  in  th e  p re s e n t  a r e a .

7 .  E ven ts  w ith in  th e  Kiddeh Group

These c o n s is t  m ain ly  o f eas tw ard  t i l t i n g ,  o c c u rr in g  r e l a t i v e l y  

e a r ly  in  th e  h i s to r y  o f th e  Group, and s e v e r a l  e p iso d e s  o f  f a u l t i n g .

T i l t i n g  o f  th e  Ribkwo and K afkandal Complexes by 7°-&° to o k  

p la c e  n o t l a t e r  th a n  4 .3  m .y .,  s in c e  th e  L o k i te t  C a ld e ra  i s  n o t 

a f f e c t e d  by i t .  I t  was p ro b a b ly  n o t o f  th e  same m agnitude in  a l l  

p a r t s .  When view ed from h ig h  on K afkandal, th e  n o r th e rn  f la n k s  o f 

th e  Ribkwo Complex a r e  seen  to  be s l i g h t l y  f le x e d  in  a  b road  mono

c l i n a l  w arp, so t h a t  th e  e a s te r n  component o f  d ip  i s  s l i g h t l y  g r e a te r  

a lo n g  36^0 3 'E ,  th a n  i t  i s  e i t h e r  s id e  o f  t h i s  l i n e .  However, th e  

d i f f e r e n c e  does n o t amount to  more th a n  2 ° , and was n o t o b se rv a b le  

w h i ls t  mapping th e  f la n k s .

A rching o f  th e  Ribkwo V olcano h as  a l s o  ta k e n  p la c e  abou t an e a s t -  

w est a x i s  lo c a te d  a t  abou t 1 °1 3 'N , The w es te rn  f la n k s  o f  th e  Complex, 

where th e y  a re  a f f e c t e d  by t h i s  u p l i f t ,  d ip  n o t ic e a b ly  to  th e  e a s t ,  

to w ards t h e i r  presum ed s o u rc e .  T h is  u p l i f t  h as  a ls o  had g r e a t  

e f f e c t s  upon th e  l o c a l  d ra in a g e . The T ir io k o  B a s a l ts  re a c h  t h e i r  

g r e a t e s t  sub-Ribkwo e le v a t io n  where th e y  a re  in v o lv e d  in  t h i s  u p l i f t .
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F a u l t in g  o f  th e  K afkandal and Ribkwo Complexes i s  w id esp read , 

b u t h a s  n o t g r e a t ly  m od ified  th e  o r ig i n a l  form o f  th e  s h ie l d s .  A ll 

th e  f a u l t s  o bserved  were norm al f a u l t s  w ith  a  s te e p  o r v e r t i c a l  f a u l t  

p la n e . D isc u ss io n  o f f a u l t i n g  in  th e  Ribkwo Complex i s  d e a l t  w ith  

f i r s t .

F a u l t in g  i n  th e  Ribkwo Complex i s  most n o t ic e a b le  on th e  f la n k s ,  

b u t a l s o  o ccu rs  i n  th e  c e n t r a l  zone. In  th e  c e n t r a l  zone, th e  f a u l t s  

a r e  p ro b ab ly  s u p e r f i c i a l  f e a t u r e s ,  s in c e  th e y  a re  o f te n  random ly 

o r ie n te d ,  do n o t ex ten d  f o r  any d is ta n c e ,  and do n o t have a  g re a t  

th ro w . Towards th e  f la n k s ,  th e y  become a l ig n e d  ro u g h ly  n o r th n o r th e a s t -  

so u th so u th w e s t, t h i s  p a t te r n  becoming more obv ious a t  1° 1 7 ’N, u n t i l  

a t  1°21*N, n e a r ly  a l l  th e  f a u l t s  t r e n d  in  t h i s  d i r e c t io n .

T h is  t r e n d  i s  o b v io u s ly  an im p o rta n t one, r e l a t e d  to  fundam ental 

te c to n ic  c o n t ro l s  a t  d e p th , s in c e  th e  Chepkoi and K a 'a t  F a u l t s  a re  

on th e  same t r e n d ,  a s  a re  many o f th e  b a s a l t  dykes in  th e  T ir io k o  

B a s a l ts  n o r th  and so u th  o f  A k o re t. R e la te d  to  t h i s  phase o f f a u l t in g  

a re  "-he f a u l t s  a f f e c t in g  th e  Tumungir B a s a l ts  around  A k o re t. These 

a l s o  a f f e c t  th e  so u th e rn  m arg ins o f  th e  eroded  K afkandal Complex.

The l a t t e r  complex a p p e a rs  to  be r e l a t i v e l y  u n f a u l te d .  However, 

o n ly  th e  c e n t r a l  p o r t io n  i s  exposed , and l i k e  th e  Ribkwo Complex, may 

n o t have been f a u l t e d  a s  much a s  th e  f la n k s .  F u r th e r ,  e ro s io n  o f  th e  

K afkandal f la n k s  to o k  p la c e  b e fo re  th e  t i l t i n g ,  s in c e  th e  Ribkwo 

Complex was e ru p te d  on to  th e  c ircum -K afkandal ped im en t, and i s  in v o lv e d  

in  th e  t i l t i n g .  T h e re fo re , i f  th e  f a u l t i n g  i s  synchronous w ith  th e  

t i l t i n g ,  th e n  a l l  th e  f a u l t s  i n  K afkandal on th e  same t r e n d  a re  

p ro b a b ly  o f th e  same age a s  th e  f a u l t s  a f f e c t in g  th e  Ribkwo f la n k s ,  and 

n o t r e l a t e d  to  an e a r l i e r  phase o f  movement.

In  th e  Epong u n i t ,  la n d s l ip p in g  h as  been common, and th e  f a u l t s  

mapped were o f  a  s u p e r f i c i a l  n a tu r e .
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The N apetio  Arch i s  a  v e ry  sha llow  n o r th n o r th e a s t  tr e n d in g  a n t i 

c l in e  which p lu n g es  no rth w ard s a t  abou t 7 ° -8 ° .  I t  was i n i t i a t e d  d u rin g  

th e  e ru p tio n  o f  th e  K ach ila  V o lc a n ic s , bu t does n o t a f f e c t  th e  youngest 

b a s a l t s ,  nam ely th e  Chemusowai u n i t ,  see  C hap ter 2 p . 71*

Just east of Chemusowai, the basalts and tuffs dip west at 2 ° -6 ° ,  

these dips being greatest low in the succession, and decreasing up

wards. North of 1°24'N, all the lavas west of the Napetio River are 

sensibly horizontal in the east-west sense, but dip gently northeast

wards between the river and the road. At 1°23’N, the effects of the 

arch are no longer noticeable.

South  o f th e  A te r i r  R iv e r , th e  K ach ila  V o lcan ics  b en ea th  th e  

K ah an av isian  B a s a l t  a l l  d ip  e a s tw a rd s , and i t  a p p e a rs  t h a t  th e  

so u th e rn  l i m i t s  o f th e  a rc h  a r e  reac h ed  f a i r l y  a b ru p t ly  betw een 

1°21 'N  and 1 °2 2 'N , The ty p e  o f  s t r u c tu r e  en v isag ed  i s  shown in  F ig .  62 , 

The a rc h  i s  c lo s e ly  a s s o c ia te d  w ith  s t r i k e  f a u l t s  p a r a l l e l  to  th e  

h in g e  l i n e ,  r e f e r r e d  to  below . There i s ,  how ever, no ev idence  fo r  an 

e a s t-w e s t  f a u l t  a t  th e  so u th e rn  l i m i t s  o f  th e  a r c h .

F a u l t in g  o f  th e  K ach ila  V o lcan ic s  and Nasaken Complex o c c u rs  on 

a  n o r th n o r th e a s t  t r e n d ,  p a r a l l e l  to  t h a t  seen  in  th e  Ribkwo Complex 

f la n k s .  T h is  t r e n d  i s  re p e a te d  in  s t r u c t u r e s  in  th e  Kajyamamuk Com

p le x  (R h em tu lla , Ph.D . t h e s i s  i n  p r e p a r a t io n ) ,  i n  f a u l t s  a f f e c t in g  

th e  ro u g h ly  contem poraneous T i r r - T i r r  S e r ie s  (B aker, I 9 6 3 , p*62), and 

i s  th e  dom inant s t r u c t u r a l  g r a in  o f  a l l  th e  younger v o lc a n ic s  a t  t h i s  

l a t i t u d e  o f  th e  Kenya R i f t  V a lle y . The g r e a t e s t  c o n c e n tra t io n  o f f a u l t s  

o ccu rs  i n  a s s o c ia t io n  w ith  th e  N apetio  a r c h ,  F ig ,  6 I .  W ith o n ly  one 

e x c e p tio n , th e y  downthrow in w ard s , w ith  a  t o t a l  throw  o f 700  f t .  -  

800  f t .  (210  ra. -  243 m .) . F ig ,  62 shows th e  r e l a t i o n s  betw een th e  

a rc h  and th e  f a u l t s .

E lsew here in  th e  K ach ila  and Nasaken v o lc a n ic s ,  f a u l t s  a re  f a i r l y  

s p a r s e .  The most im p o rta n t i s  th e  Karwatuko f a u l t ,  which ex ten d s  fo r



FIG. 62 Schemat ic  block d ia g ra m  of th e  Nape t io  a r c h .
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abou t 5 krn. (3  rn ile s) , downthrowing to  th e  w est abou t 100  f t .  (.J>0 m«) • 

N ear i t s  n o r th e rn  l i m i t s ,  i t  h as g iven  r i s e  to  an obsequen t f a u l t  l i n e  

s c a rp , a g a in s t  which a t r a c h y te  h as  flow ed .

F a u lt in g  in  th e  extrem e n o r th e a s t  o f  th e  a re a  h as  seem ingly  

a f f e c t e d  th e  N arn o rto itio  T ra c h y te , and i s  th u s  c o n s id e ra b ly  younger 

th a n  th e  Nasaken V o lc a n ic s . However, no d i r e c t  ev idence  such a s  

b r e c c ia t io n  o r s l ic k e n s id in g  was seen  in  th e  N arn o rto itio  t r a c h y te ,  and 

i t  may be t& àt th e y  were e ru p te d  on to  a  p r e - e x i s t in g  f a u l t e d  to p o 

g raphy , and p o s s ib ly  s u b je c te d  to  l a t e r  sm a ll movements.

8 ,  The Sub- Kamosing Formation Erosion Surface

T h is  h a s  been d is c u s s e d  in  C hap ter 2, pp . 79 & 8 l ,  bu t i s  b r i e f l y  

m entioned  h e re  in  i t s  s t r u c t u r a l  c o n te x t .  I t  t r u n c a te s  la v a s  o f th e  

K ach ila  V o lcan ic s  and Ribkwo Complex, and c o n s i s t s  o f  a  pedim ent in  

th e  e a s t ,  s e p a ra te d  by an a b ru p t b reak  o f s lo p e  from th e  d is s e c te d  

Ribkwo H i l l s  to  th e  w e s t. The pedim ent s lo p e s  e a s t  a t  abou t 120 f e e t  

p e r m ile  (23 m. p e r  k m .) . The o r ig i n a l  s lo p e  was c e r t a in l y  l e s s  th a n  

t h i s ,  a s  i t  i s  n o t p a r a l l e l  to  th e  p re s e n t  S uguta p la in s ,  and h as  been 

t i l t e d  s l i g h t l y  e a s tw ard s  s in c e  i t s  fo rm a tio n . B efore t h i s  pedim ent 

covered  a  wide a r e a ,  r e ju v e n a t io n  o c c u rre d , and i t  h as  now been 

l a r g e ly  d e s tro y e d ,

9. The Kerio Erosion Surface

T h is  h as  a l re a d y  been in tro d u c e d  in  C hap ter 2, pp , 17 & 8 4 , 

d u rin g  d is c u s s io n  o f  th e  Chepkowagh M u g earite . I t  i s  an ex trem ely  

w e ll  developed  s u r f a c e ,  t r u n c a t in g  bo th  basem ent s t r u c t u r e s  and th e  

v o lc a n ic s  o f  th e  Tugen H i l l s  Group. Most o f i t  i s  covered  w ith  a  

b row nish  sh e e t g ra v e l  up to  2 ra, t h i c k ,  composed o f basem ent and 

v o lc a n ic  m a te r ia l .

The period of erosion which initiated the surface started after
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th e  e ru p tio n  o f  th e  S idekh  P h o n o li te s ,  and co n tin u ed  a t  l e a s t  up to  

th e  e ru p tio n  o f  th e  Chepkowagh M u g earite , and p o s s ib ly  lo n g e r .  The 

Chepkowagh M ugearite  r e s t s  on th e  s u r f a c e ,  bu t i s  o f unknown ag e . 

S e v e ra l r e s id u a l  h i l l s  such a s  P uk a leh , K w aisagat, and Kei Pa So 

p r o je c t  up to  400 f t .  ( l 20  m.) above th e  s u r f a c e .

The s u r fa c e  h as  a  g e n t ly  concave p r o f i l e ,  th e  w estw ard s lo p e  

d e c re a s in g  from 120  f t .  to  70  f t .  p e r m ile  (23  m. to  13  m. p e r  k m .).

The b reak  o f  s lo p e  a t  th e  fo o t o f th e  T i a t i  H i l l s  i s  v e ry  sudden.

Over most o f i t s  le n g th ,  i t  c o in c id e s  w ith  th e  o u tc ro p  o f th e  sub- 

v o lc a n ic  s u r f a c e ,  bu t encro ach es  g r e a t ly  over th e  v o lc a n ic s  in  th e  

C h e p k ir ia l  v a l le y ,  and s o u th e a s t o f K e i t in .  These two e ro s io n a l  em- 

baym ents a re  a l s o  covered  w ith  th ic k  s h e e ts  o f  g r a v e l ,  bu t th e r e  i s  

o f co u rse  no c o n t r ib u t io n  from th e  metam orphic basem ent.

The age r e l a t i o n s h ip s  o f  th e  K erio  and sub-Kamosing Form ation  

s u r f a c e s  a re  n o t known. They a re  no t c o r r e l a t a b l e  w ith  th e  "end- 

T o r t ia r y  e ro s io n  s u r fa c e "  bu t may be ped im en ts  produced  d u rin g  th e  same 

p e r io d  o f  e ro s io n  in  which th e  e n d -T e r t ia ry  s u r fa c e  was form ed. The 

d i s p a r i t y  i n  e x te n t o f th e  two s u r f a c e s  r e f l e c t s  th e  f a c t  t h a t  th e re  

was lo n g  c o n tin u e d  q u ie sce n ce  w est o f  T i a t i ,  so t h a t  e ro s io n  p roceeded  

w ith o u t i n t e r r u p t i o n .  E a s t o f  T i a t i ,  how ever, v u lc a n ic i ty  p roceeded  

f a i r l y  c o n tin u o u s ly , so t h a t  o n ly  l o c a l  ped im en ts were developed , to  

be q u ic k ly  overwhelmed by f r e s h  o u tb u r s ts  o f  v u lc a n ic i ty .  The pedim ent 

on th e  so u th e rn  edge o f  K afkandal and th e  sub-Kamosing Form ation  

pedim ent r e p r e s e n t  th e  two most s u c c e s s fu l  a t te m p ts  to  b r in g  th e  

topog raphy  to  an e q u ilib r iu m  s u r f a c e .

10 . P o s t-  Kamosing F orm ation  F a u lt in g

T hat t h i s  h as  ta k e n  p la c e  i s  re c o g n iz e a b le  on P a t iv a t ,  where th e  

b a s a l t  i s  d is p la c e d  abou t 70  f t .  (21  ra.) by a  n o r th n o r th e a s t  t r e n d in g  

f a u l t .  T h is  i s  in  f a c t  th e  youngest observ ed  f a u l t  in  th e  whole a r e a .
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The K ahanav isian  B a s a lt  member i s  n o t a f f e c t e d  by f a u l t s ,  a lth o u g h  

i t  was n o tic e d  th a t  where i t  o v e r l i e s  th e  A te r i r  Beds, th e  v a r io u s  

o u t l i e r s  o ccu r a t  d i f f e r e n t  h e ig h ts .  T h is  may be due to  d i f f e r e n t i a l  

u p l i f t ,  o r i t  co u ld  be t h a t  th e re  a re  u n d isco v e re d  so u rc e s  o f th e  

K ahanav isian  member so t h a t  th e  d i f f e r e n c e s  in  a l t i t u d e  o f th e  v a r io u s  

o u t l i e r s  a re  th e n  e n t i r e l y  o r i g i n a l .

11. P re se n t Day E ro s io n

E ro s io n  i s  p ro cee d in g  a c t iv e l y  over th e  a re a  a t  th e  p re s e n t  day .

Both th e  K erio  and th e  sub-Kamosing Form ation  s u r fa c e s  have been 

a f f e c t e d  by r e l a t i v e l y  re c e n t  r e ju v e n a t io n .

At C hep toko l, th e r e  i s  a  k n ic k -p o in t  in  th e  basem ent some 40 f t .

(12 m .) h ig h , where th e  p re s e n t  day s u r fa c e  i n t e r s e c t s  th e  K erio  

s u r f a c e .  E lsew here on th e  basem ent a rc h , some o f th e  r i v e r s  flow  

th ro u g h  narrow  g o rg es  30  f t .  (9  m .) deep , and th e re  i s  o b v io u s ly  v e ry

l i t t l e  e ro s io n  o f  th e  i n t e r f l u v e s .  West o f 35°43 ' how ever, th e  r i v e r

v a l le y s  a re  wide and sh a llo w , and th e  i n t e r f l u v e s  a re  g e n t ly  convex, 

in d i c a t in g  th a t  th e s e  s o f t e r  l i t h o l o g i e s  have been b rough t n e a re r  to  

an e q u ilib r iu m  s u r f a c e .

The sub-Kamosing F o rm ation  s u r fa c e  h a s  been a f f e c te d  by th e  lo w erin g  

o f  th e  r e g io n a l  base  l e v e l ,  to  th e  e x te n t  t h a t  th e  o u t l i e r s  o f b a s a l t  

i n  th e  Chemukol v a l le y  a re  up to  200 f t .  ( 6 l  m .) above th e  p re s e n t  

s tream  l e v e l .  T h is  r e p r e s e n ts  th e  amount o f e ro s io n  in  th e  l a s t  2 .3  

o r so m i l l io n  y e a r s .  N ear th e  Suguta, th e  base  o f  th e  K ahanav isian  

B a s a lt  i s  o n ly  40 f t .  (12 m.) above th e  p re s e n t  day p la in s ,  in d ic a t in g

t h a t  r e ju v e n a t io n  h as  p roceeded  f a s t e s t  in  th e  h ig h e r  g round .

In  th e  h i l l s ,  p re s e n t  day e ro s io n  i s  p ro cee d in g  v e ry  a c t iv e l y .

The lan d fo rm s p roduced  depend a lm o st e x c lu s iv e ly  on l i th o lo g y ,  s in c e  

th e  c l im a t ic  d i f f e r e n c e s  betw een th e  p la in s  and th e  h ig h e r  h i l l s  a re  

n o t s u f f i c i e n t  f o r  th e s e  to  c o n t r ib u te  tow ards c r e a t in g  d i f f e r e n t  

e r o s io n a l  re g im e s .
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B a s a l ts  o f te n  produce r o l l i n g  to p o g rap h y , w ith  r a th e r  rounded 

p r o f i l e s .  Edges o f f e a tu r e s  a re  u s u a l ly  n o t v e ry  sh a rp , and th e r e  i s  

no c o n t r a s t  between la v a  and p y r o c l a s t i c .

T ra c h y tic  la v a s  g iv e  r i s e  to  a s tep p ed  top o g rap h y , e s p e c ia l ly  

where th e r e  a re  th i n  i n t e r c a l a t i o n s  o f  pumice t u f f s .  In  t h i s  s i t u a t i o n ,  

w elded t u f f s  a c t  th e  same way a s  la v a  flo w s, p roducing  e x te n s iv e , 

e a s i l y  v i s i b l e  f e a tu r e s ,  w ith  s h a rp , o f te n  v e r t i c a l  te rm in a t io n s  and 

f r e e  f a c e s .  In  r e ju v e n a te d  a r e a s ,  th e  t r a c h y te s  may be v e ry  deep ly  

in c i s e d ,  such a s  by th e  N gatu te  R iv e r in  sq u are  73^0, o r by th e  

s tream s flo w in g  th ro u g h  th e  w este rn  w a ll o f K ariam angro C a ld e ra .

The most s p e c ta c u la r  sc e n e ry  j.s to  be found in  a re a s  where ex ten 

s iv e  pumice t u f f s  have accum ula ted , These a re  e a s i l y  in c i s e d ,  and 

p roduce deep g o rg e s . The in t e r f l u v e s  a re  g r e a t ly  m od ified  by i n t e r 

c a la te d  w elded t u f f s  and l a v a s , so th a t  s te e p  fa c e s  o f te n  develop  

b en ea th  them . When t h i s  i s  ex trem e, la n d s l ip p in g  o c c u rs , a s  a t  L o k i te t .
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Introduction

The p re s e n t day d ra in a g e  p a t t e r n  o f  th e  a re a  i s ,  a t  f i r s t  s ig h t ,  

q u i te  com plex. When c o n s id e re d  in  th e  l i g h t  o f  th e  known sequence o f 

e ru p t io n s ,  how ever, i t  i s  c l e a r  th a t  s e v e ra l  phases  o f m o d if ic a tio n  

have ta k e n  p la c e ,  most o f which now rem ain  on ly  in  p a r t .  The p re s e n t 

day p a t t e r n ,  th e n , i s  a  com posite  one, c o n s is t in g  o f p a r t s  o f o ld e r  

d ra in a g e  sy stem s.

The c o n t r ib u t io n  o f each w i l l  be c o n s id e re d  in  tu r n .

1_,_ E arly  System s

No t r a c e  o f  th e  o r ig i n a l  d ra in a g e  on th e  su b -v o lc a n ic  su r fa c e  

rem a in s , s in c e  i t s  o u tc ro p  h a s  been s e v e re ly  m o d ified  by th e  K erio  

S u rfa c e , to  which th e  d ra in a g e  now conform s. The e ru p tio n  o f th e  

Tugen H i l l s  Group e s ta b l i s h e d  th e  e a r l i e s t  K erio -S u g u ta  w a te rsh ed , 

which h as  p ro b ab ly  rem ained  in  ap p ro x im a te ly  th e  same p o s i t io n  t i l l  

th e  p re s e n t  day, a t  l e a s t  a s  f a r  n o r th  a s  1^22 'N , The o r ig i n a l  s u r fa c e  

o f t h a t  complex nowhere rem a in s , and so no t r a c e  o f th e  i n i t i a l  d i'a ina^e  

rem a in s . The p re s e n t  day d ra in a g e  o f  th e  Tugen H i l l s  Group i s  con

t r o l l e d  p r in c i p a l l y  by th e  main w a te rsh e d . Gn e i t h e r  s id e  o f t h i s  

th e  r i v e r s  flow  ap p ro x im a te ly  due e a s t  o r w es t, bu t t h e i r  co u rse s  

have been a f f e c t e d  by th e  l o c a l  and som etim es r a p id  changes in  l i th o lo g y .  

At t h i s  s ta g e  i t  i s  n e c e ssa ry  to  c o n s id e r  th e  K erio  and S uguta 

d ra in a g e  s e p a r a te ly .

2 . Drai nage w est o f  th e  main w ate rsh ed  (e x c lu d in g  th e  n o rth w es t o f  

th e  a r e a  ')

T here a re  r e l a t i v e l y  few c o m p lic a tio n s  in  th e  p re s e n t  day p a t te r n .  

F ig .  6 3 . The main tru n k  s tream s flow  w est to  th e  K erio  R iv e r .  N orth  

o f  th e  p re s e n t  a r e a ,  th e  tru n k  s tre a m s , such a s  th e  C h e p k ir ia l  R iv e r in



of Kofkondol & Ribkwo com plexes

FIG.63 D roinoge basins ond main r iv ers .
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i t s  low er s e c t io n  flow  no rth w estw ard s  a c ro s s  th e  K erio  S u rfa c e .

The headwaters of the Natirrut were captured by a vigorous 

tributary of the Chepkowagh, creating the Cheptokol system. The 

Cheptokol occupies a gorge-like stream section from A to B (Fig, 6 3), 

and it is considered that the capture and this incision were initiated 

together,

Drainage c^st of the main watershed

The earliest drainage probably flowed more or less eastwards down 

the flanks of the Tiati volcanics. The earliest modifications were 

the eruption of the Tirioko Basalts and the first phase of arching 

about an east-west axis ( p ,9 3  ). Rivers flowing off the Tiati vol

canics on to the basalts in the present area flowed northeastwards 

after the tilting, and this is still the dominant flow direction on 

the Tirioko Basalts between 1°20’N and 1°24'N.

The effects of the eruption of the Tirioko Basalts on the main 

watershed north of 1°22'N are not entirely known. Possibly over 

2 ,00c ft « (600 mj) of basalts are present locally, culminating in the 

hill ChemaJserr, which rises to 6,300 ft, f O.D. North of 1^24'N, the 

topographic rlivide lies west of the present area, along the crest of 

the western limits of the eroded Raatut Arch. The main watershed 

today lies east of the Raatut River, more or less along the topo

graphic high occupying the crest of the east limb of the arch.

It appears that as the Raatut Arch was undergoing uplift, river 

erosion cut down into its centre, forming the headwaters of the Raatut 

basin. This flows northwards as far as 1°2 3 'N, where it suddenly 

turns northwestwards. There is evidence outside the present area that 

it captured the headwaters of the Raatut, after incising its v;ay through 

the crest of the western limb of the arch. A rejuvenated subsequent 

of this nature probably captured the headwaters of the Chepkirial
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R iv er,' s o - th a t ' i t  to.o puddenly a l t e r s  i t s  c o u rse , bu t from due w est

w ards t o  n o rth w es tw ard s .

P o s s ib ly  th e  most p ro found  e f f e c t s  on th e  d ra in a g e  e a s t  o f  th e

m ain .w a te rsh ed  were th o s e  engendered  by th e  e ru p tio n  o f  th e  K afkandal

and Ribki'/o V o lcan o es .

Im m ediate ly  p r io r  to  t h e i r  e ru p t io n ,  i t  i s  supposed th a t  th e  

d ra in a g e  was flo w in g  i n .a  n o r th e a s t e r ly  d i r e c t io n . ,_ T h e  e ru p tio n , o f 

th e  K afkandal V olcano caused  th e  d ra in a g e  to  be d iv e r te d  around  i t ,  

F ig ,  6 4 (a ) ,

The effect, at this stage, of the Mugor Trachytes is unknown, but 

they probably influenced ̂ the- drainage in the manner shown. Subse

quently, erosion reduced the limits of the Kafkandal Complex,iFrg, 

6 4 ( b ) ,  but the effects o f  t h e  d1 v̂ er-çi ons were s t i l l  noticeable. 
Further, the radial drainage pattern is still visible.

The n e x t ev en t was th e  e ru p tio n  o f th e  Ribkwo Complex. The

n o rth w ard s-ad v an c in g  f la r lu s  tu rn e d  th e  d ra in a g e  in  th e  so u th e rn  p a r t  

o f F ig ,  64 (b ) more o r l e s s  due n o r th ,  F ig ,  6 3 . The d iv e r te d  p o r t io n s  

o f  th e s e  s tream s u n i te d ,  jo in in g  th e  p ro to -C h em eril a t  A koret to  flow  

th ro u g h  th e  gap betw een th e  two v o lc an o es  -  th e  A koret Gap, Even a t  

th e  p re s e n t  day, th e  A koret Gap ta k e s  a c o n s id e ra b le  flow  o f  w a te r in  

th e  wet sea so n , and h a s  th e  l a r g e s t  b a s in  in  th e  p re s e n t  a r e a ,  see 

F Jg , 63- The T un tu lyon  R iv e r i s  th e  p roposed  name fo r  th e  r i v e r  which 

flow ed n o rth w ard s  o r n o r th n o r th e a s tw a rd s  in  th e  n a tu r a l  g u t t e r  a t  th e  

fo o t o f  th e  w e s te rn  f la n k s  o f  th e  Ribkwo V olcano,

At t h i s  s ta g e ,  th e  Ribkwo V olcano was be in g  d ra in e d  by sub- 

p a r a l l e l  r a d i a l l y  d isp o se d  consequen t s tre a m s , f lo w in g  n o r th n o r th 

ea s tw a rd s  i n  th e  p re s e n t  a r e a .  The f la n k s  ly in g  w est o f  th e  c e n t r a l  

zone have been t i l t e d  back , a s  e x p la in e d  in  C hap ter 2 , p . 6 I ,  

so t h a t  th e y  must have s u f f e r e d  some r e v e r s a l  o f d ra in a g e . In  th e
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p re s e n t a r e a ,  th e s e  w es te rn  f la n k s  a re  on ly  p re s e n t  n e a r  1 *̂1 5 ’N, where 

th e y  have been d eep ly  in c i s e d ,  so t h a t  v e ry  l i t t l e  rem ains o f  th e  

o r ig i n a l  s u r f a c e .

However, th e r e  a re  abundant rem nants o f  th e  e a r ly  d ra in a g e  on 

th e  n o r th e rn  f la n k s ,  see  P la te  XIX, in  which th e  p a r a l l e l  n a tu re  o f  

th e  e a r ly  consequen t s tream s i s  c l e a r ly  v i s i b l e .

At t h i s  s ta g e ,  th e  eas tw ard  t i l t i n g  o f  th e  Ribkwo Volcano to o k  

p la c e ,  r e ju v e n a t in g  th e  d ra in a g e , and b r in g in g  th e  d i r e c t io n  o f  maximum 

s lo p e  round  from n o r th n o r th e a s t  to  n o r th e a s t .  The r u n - o f f  now to o k  

t h i s  new d i r e c t io n ,  and under th e  im petus o f r e ju v e n a t io n ,  c u t back 

in to  th e  v o lc a n o . I f  th e r e  ev e r was a  c l e a r  to p o g ra p h ic  d iv id e  

ru n n in g  sy m m e trica lly  n o r th - s o u th  th ro u g h  th e  c e n t r e  o f th e  n o r th e rn  

f la n k s  ( e .g .  l in o  AB in  F ig ,  6 5 ) ,  and in  such a  low a n g le  s h ie ld  

v o lcan o  th e r e  may n o t have b een , th e n  t h i s  would be d is p la c e d  t c  

th e  w e s te rn  edge o f  th e  f la n k s  by t h i s  t i l t .  Thus, th e  in c re a s e  in  

do’- 'n c u ttin g  would be most e f f e c t i v e  in  t h a t  a r e a .  In  t h i s  manner, 

th e  r e ju v e n a te d  r i v e r s  c u t r i g h t  th ro u g h  th e  v o lc a n o , c a p tu r in g  th e  

T un tu lyon  R iv e r  a t  3 p o in t s .  The r i v e r s  r e s p o n s ib le  were th e  Kamosing- 

Chemukol, and Chepsawach, from so u th  to  n o r th .  F ig .  6 6 .

These th r e e  r i v e r s  a l s o  c a p tu re d  and d iv id e d  th e  f la n k  d ra in a g e  

a s  shown i n  F ig ,  6 6 . The e a r l i e s t  w a te rsh e d s , betw een th e  Chepsawach 

Chemukol emd Kamosing were i n i t i a l l y  j u s t  n o r th  o f  each o f  th e s e  

r i v e r s .  T h is  f e a tu r e  i s  s t i l l  r e ta in e d  betw een th e  f i r s t  named two, 

bu t th e  w a te rsh e d s  e i t h e r  s id e  o f  th e  Kamosing have m ig ra ted  to  a  

more c e n t r a l  p o s i t i o n .  F ig .  6 3 .

The K otoro R iv e r  i s  a p p a re n tly  a n o th e r  p o s t - t i l t  r i v e r ,  bu t which 

h a s  n o t y e t  c u t back th ro u g h  th e  w es te rn  edge o f  th e  com plex.

The o r ig i n a l  f la n k  d ra in a g e  s t i l l  r e t a i n s  i t s  n o r th n o r th e a s te r ly  

t r e n d ,  a s  i s  seen  i n  Plate XIX , N orth  o f  1 °19 'N , th e s e  s tream s occupy 

open v a l le y s  w ith  g e n t ly  rounded p r o f i l e s ,  becoming s te e p e r  and more
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P l a t e  XIX Par t  of Ribkwo Complex no r t he rn  f lanks,  i l l u s t r a t ing  d r a in ag e .  See a l so  Fig.67.
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ICxS

in c i s e d  as th e y  approach  th e  Chemukol o r Chepsawach. The t r i b u t a r i e s  

flo w in g  n o r th  i n to  th e  Kamosing a re  a l l  in c is e d  to  a much g r e a te r  

d e g re e , a s  a re  th o s e  o f  th e  K o to ro . N orth  o f  1^19’N, hang ing  v a l le y s  

occur above th e  n o r th  bank o f  th e  Chemukol a s  shown in  F ig .  6 7 , a  

t h e o r e t i c a l  b lo ck  d iagram .

S in ce  th e s e  m o d if ic a t io n s  to o k  p la c e ,  th e  dismembered T untu lyon  

R iv e r h as  m ig ra ted  e a s tw a rd s , so th a t  th e  d i s jo i n te d  p o r t io n s  a re  no 

lo n g e r  c o l l i n e a r .  There i s ,  o f c o u rse , no ev idence  t h a t  th e y  were 

p e r f e c t ly  so to  b eg in  w ith . The elbows o f c a p tu re  a re  s t i l l  w e ll 

m arked, p a r t i c u l a r l y  in  th e  case  o f  th e  Kamosing c a p tu re ,  where th e  

form er h ead w aters  o f th e  T untu lyon  R iv e r a re  deep ly  e n tre n c h e d , 

le a v in g  th e  fo rm er tru n k  stream  abou t 400 f t .  (120 m.) h ig h e r ,  see 

F ig ,  68 .

The l a t e r  s ta g e s  in  th e  h i s to r y  o f th e  Ribkwo Volcano a ls o  

a f f e c te d  th e  d ra in a g e  to  d i f f e r e n t  d e g re e s . K ariam angro C a ld e ra  

p ro b ab ly  a c te d  a s  a  b a s in  o f  i n t e r n a l  d ra in a g e . Subsequent e r o s io r ,  

how ever, co m p le te ly  removed th e  e a s te r n  p a r t  o f  th e  vo lcano  p r io r  to  

th e  e ru p tio n  o f  th e  K a c h ila  and Nasaken v o lc a n ic s ,  so t h a t  th rough  

draJ.nage to  th e  e a s t  was p ro b ab ly  e s ta b l i s h e d  over most o f  th e  vo lcano  

a t  t h i s  s ta g e .

The n ex t even t i s  th e  e ru p tio n  o f  th e  K ach ila  and N asaken v o lc a n ic s . 

T o g e th e r , th e y  c o n s t i tu te d  a  th i c k  b la n k e t o f  la v a s  and sed im en ts  viixcK 

encroached  on th e  e a s te r n  m argins o f th e  K afkandal and Ribkwo com plexes, 

p a r t i a l l y  b lo c k in g  o f f  th e  A koret Gap. The d ra in a g e  th ro u g h  th e  gaps 

was d iv e r te d  m ain ly  to  th e  s o u th , bu t a  few o f  th e  rem nant r a d i a l  

s tre a m s  d ra in in g  o f f  K afkandal were d i r e c te d  n o rth w ard s , where th e y  

to d a y  form th e  Chepkilow an R iv e r ,

B esid es  th e  A koret d ra in a g e , th e  Chemukol, Kamosing and K otoro 

R iv e rs  were a l s o  a f f e c t e d  by th e  K ach ila  V o lc a n ic s , to  th e  e x te n t  t h a t
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FIG 6 7  i n t e r s e c t i o n  of  y o u n g e r  ( N E - S.W.) with o lder  (N.-S.) s y s t e m  o f  

d r a i n a g e   ̂ N. Ri bkwo Comple x f l a n k s .

Ch e mu k o l  R.

Kamosing R.

Kre R.

A p pr ox i ma te  former  

c o u r s e  o f  Tuntulyon R.

FIG.60  S c h e m a t i c  block d ia g r a m  o f  t he  Kamosing a n d  Chemukol  g a p s .
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th e  A te r i r  Lake was form ed, see  C hap ter 2 pp . 74-7& , where th e r e  i s

Q. d e t a i l e d  acco u n t o f i t s  developm ent. The s i t u a t i o n  a t  t h i s  s ta g e  

i s  v i s u a l iz e d  i n  F ig .  6 9 .

The co u rse  o f  th e  r i v e r ( s )  which in t e r m i t t e n t l y  d ra in e d  th e  la k e  

i s  n o t knov/n.

A f te r  th e  e ru p t io n  o f  th e  v o lc a n ic s ,  th e re  was a  p e r io d  o f 

e ro s io n  i n  which th e  sub - Kamosing Form ation  s u r fa c e  was p roduced .

The Chepsawach, Chemukol, Kamosing and K otoro R iv e rs  had by now u n ite d  

to  form th e  A te r i r  R iv e r , which ra n  more o r  l e s s  a c ro s s  th e  s i t e  o f 

th e  form er Lake A te r i r ,  and th e n  so u th eas tw ard s  a c ro s s  th e  pedim ent 

u n t i l  i t  re a c h e d  th e  c e n t r a l  low in  th e  r i f t  v a l l e y .  T rac es  o f t h i s  

r i v e r  rem ain  a s  th e  p re s e n t  A te r i r  R iv e r and , i t  i s  th o u g h t, a s  th a t  

s t r e t c h  o f th e  Kamosing R iv e r s o u th e a s t  o f sq u are  8 l4 6 . These two 

p o r t io n s  o f  what a re  now s e p a ra te  r i v e r s  a re  p e r f e c t ly  c o l l in e a r  a t

th e  p re s e n t  day, from C to  D in  F ig .  6 3 .

The e ru p tio n  o f th e  Kamosing F orm ation  b a s a l t s  f u r th e r  a f f e c te d  

th e  d ra in a g e  p a t t e r n .  The Tuwut and P a t iv a t  B a s a l ts  ap p ea r n o t to  

have e x e rc is e d  much c o n t r o l ,  bu t th e  K ahanav isian  member a l t e r e d  

th e  Kamosing and A te r i r  R iv e rs  to  t h e i r  p re s e n t  c o u rs e s .

F low ing down th e  v a l le y  o f  th e  Chemukol a s  f a r  a s  sq u are  7249, 

i t  tu rn e d  so u th e a s tw a rd s  ou t o f  th e  v a l le y  on to  th e  su b - Kamosing 

F o rm ation  p ed im en t, im m ed ia te ly  so u th  o f th e  h ig h e r  ground o f C h e re lg a t,  

From h e re  i t  flow ed  so u th e a s tw a rd s  and th e n  ea s tw ard s  on a  f a i r l y  bro^d  

f r o n t ,  co m p le te ly  c u t t in g  a c ro s s  th e  v a l le y s  o f th e  Kamosing and 

K o to ro , F ig ,  7 0 , and p re v e n tin g  them from re a c h in g  th e  A te r i r  R iv e r .

They w ere th u s  d iv e r te d  down th e  so u th e rn  s id e  o f  K ah an av isian , u n t i l  

th e y  reac h ed  th e  dismembered low er p o r t io n  o f  th e  A te r i r  v a l le y ,  which 

th e y  th e n  r e -o c c u p ie d .  The A te r i r  R iv e r was s im i la r ly  a f f e c te d ,

b e in g  co m p le te ly  b lo ck ed  by th e  b a s a l t ,  so t h a t  i t  was d iv e r te d  e a s t -
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w ards a lo n g  th e  n o r th e rn  edge, F ig ,  7 O-

S in ce  i t s  e ru p t io n ,  th e  K ahanav isian  B a s a lt h a s  been d is s e c te d  

by sm all s tre a m s, p a r t i c u l a r l y  in  th e  A te r i r  B as in , The m ajor w a te r 

c o u rs e s , th ough , have no t been s u b s t a n t i a l l y  a l t e r e d .

D uring th e  P le is to c e n e ,  lo c a l  pecim enbs form ed a d ja c e n t to  th e  

S uguta R iv e r , and c o a le sc e d  to  form th e  S uguta S u rfa c e , a  n e a r ly  

p la n a r  s u r fa c e  which to d ay  ex ten d s from Kapeddo to  Lomelo and beyond. 

T h is  s u r fa c e  b e v e ls  th e  Kapeddo T u ffs , bu t i s  b e in g  a c t iv e l y  in c is e d  

a t  th e  p re s e n t  day by th e  S uguta and i t s  t r i b u t a r i e s *  T h is  i s  a t t r i 

b u ted  to  lo w erin g  o f Lake Rudolph (Dodson, 19^3, p . 3 ? ) ,  nnd consequen t 

r e ju v e n a t io n .

A nother f e a tu r e  o f t h i s  r e ju v e n a t io n  i s  th e  f a c t  t h a t  th o s e  sm a ll 

s tream s which e n te r  th e  Suguta a t  819422 and 821423 have been r e j u 

v e n a te d  to  such an e x te n t t h a t  th e y  a re  abou t to  c a p tu re  th e  Kamosing 

a t  786464 and 796465 r e s p e c t iv e ly .  S im ila r  phenomena were seen  by 

Chapman (p e rs o n a l  com m unication), a s s o c ia te d  w ith  la rg e  r i v e r s  flow ing  

ou t o f th e  Kamacia H i l l s  on to  th e  p la in s  n e a r  N ginyang,
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PART 1: MINERALOGY

1 . F e ld s p a rs

(a )  A lk a l i - f e ld s p a r s  a re  c h a r a c t e r i s t i c  o f th e  t r a c h y t i c  and 

p h o n o l i t ic  la v a s  and p y r o c la s t i c s .  They a re  d iv id e d  in to  fo u r  s e r i e s ,  

based  on t h e i r  o p t i c a l  p r o p e r t i e s ,  which ro u g h ly  co rresp o n d  to  t h e i r  

th e rm a l h i s t o r i e s  (D eer, Howie & Zussman, 1966, p p .5 5 -6 5 ) . In  th e  

p re s e n t  a r e a ,  a l l  th e  v o lc a n ic  a l k a l i - f e l d s p a r s  ap p ea r to  belong  to  th e  

h ig h  a l b i t e - s a n i d in e  s e r i e s ,  in  which th e  o p tic  a x i a l  p la n e  i s  a t  90 ° 

to  (0 1 0 ) .

F e ld s p a rs  w ith  l e s s  th a n  Or^y ( u s u a l ly  c a l le d  a n o r th o c la s e )  

c r y s t a l l i s e  i n i t i a l l y  w ith  m onoclin ic  symmetry, bu t in v e r t  on slow 

c o o lin g  to  a  t r i c l i n i c  symmetry. I f  c o o lin g  i s  r a p id ,  th e  in v e rs io n  i s  

d e lay ed , bu t e v e n tu a l ly  ta k e s  p la c e  w ith  th e  fo rm a tio n  o f  c ro s s -  

h a tc h e d  tw in n in g . W ith more th a n  Or^y, m onoc lin ic  symmetry o ccu rs  

th ro u g h o u t th e  c o o lin g  h i s to r y ,  such f e ld s p a r s  b e in g  r e f e r r e d  to  a s  

s o d a -s a n id in e  and s a n id in e ,  w ith  in c re a s in g  Or.

C r y p to p e r th i t ic  unm ixing, d e te c ta b le  o n ly  by X -ra y s , ta k e s  p la c e  

in  th e  ran g e  Or^^-Or^Q, and can be used  to  d e te rm in e  th e  r e l a t i v e  p ro 

p o r t io n s  o f  Ab and O r. D e te rm in a tio n s  on a p p a re n tly  m onoclin ic  f e ld 

s p a r s  from th e  p re s e n t  and n e ig h b o u rin g  a re a s  have in d ic a te d  com positions 

in  th e  ran g e  Gr2^ - 0r ^ ^ , i . e .  w ith in  th e  a n o r th o c la s e  com position  ra n g e , 

bu t w ith o u t showing c ro s s -h a tc h e d  tw in n in g .

Hence th e  p re sen ce  o r  absence  o f c ro s s -h a tc h e d  tw in n in g  i s  n o t a 

r e l i a b l e  g u id e  to  c o m p o sitio n . N e ith e r  a r e  m easurem ents o f 2V, s in c e  

th e  An c o n te n t can cause  v a r i a t i o n s  o f  up to  1 0 ° , in d e p e n d e n tly  o f th e  

Ab/Or r a t i o .  The 2V in  f a c t  v a r ie s  from abou t 53° to  45° fo r  s a n id in e s  

from th e  p re s e n t  a r e a ,  in c re a s in g  to  53° o r  60° f o r  a n o r th o c la s e .

The te rm s s a n id in e  and a n o r th o c la s e  r e f e r  to  a l k a l i - f e l d s p a r s  

d is t in g u is h e d  o n ly  by th e  absence  o r  p re sen ce  o f  c ro s s -h a tc h e d  tw in n in g , 

and a re  n o t c o m p o s itio n a lly  c o n t r o l le d .
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( i )  ^ sm id in a  ( c o r r e c t ly  r e f e r r e d  to  a s  s o d a -s a n id in e )  i s  re c o g n iz e d  

by th e  absence o f  c ro s s -h a tc h e d  tw in n in g . S an id in e  o ccu rs  bo th  a s  

p h e n o c ry s ts  and i n  th e  groundm ass o f  la v a s ,  and a s  in c lu s io n s  in  py ro 

c l a s t i c s .  I t  i s  commonly f l a t t e n e d  p a r a l l e l  to  (O lO ). I l l - d e f i n e d  

tw in  la m e lla e  p a r a l l e l  to  (OlO) and uneven e x t in c t io n  p ro v id e  ev idence 

fo r  i n c ip ie n t  in v e r s io n .

S an id in e  p h e n o c ry s ts  o f te n  c o n ta in  in c lu s io n s  o f  e a r l i e r  m in e ra ls ,  

p a r t i c u l a r l y  a e g i r in e - a u g i te  and o re ,  o r have a  t h in  p e r ip h e r a l  zone o f 

m inute in c lu s io n s  which i s  th ic k e r  a t  th e  (OOl) fa c e s  o f  th e  p h e n o c ry s t. 

In  p h e n o c ry s ts  w ith  shadowy tw in  la m e lla e ,  th a t  p o r t io n  beyond th e  

p e r ip h e r a l  rim  o f  in c lu s io n s  rem ains un tw inned . C a rlsb ad  tw in n in g  i s  

f r e q u e n t ly  se e n , Manebach and Baveno tw in s  a re  l e s s  common.

In  th e  groundm ass, s a n id in e  commonly shows C a rlsb ad  tw in n in g  and 

o c c a s io n a l  i n c ip i e n t  tw in n in g . P a r a l l e l  o r i e n t a t i o n  o f (OlO) fa c e s  

i s  in t e r p r e t e d  a s  b e in g  induced  d u rin g  flow , and g iv e s  many t r a c h y te s  

a w e ll developed  banding  o r even f i s s i l i t y .

( i i )  _ ^ q r t h o c l ^ e , c o n v e rse ly , i s  rec o g n iz e d  by th e  p re sen ce  o f 

c ro s s -h a tc h e d  tw inn ing*  Even so , some sim ply  tw inned f e ld s p a r  may be 

a n o r th o c la s e  which went th ro u g h  th e  in v e rs io n  te m p e ra tu re  w ith o u t 

d ev e lo p in g  c ro s s -h a tc h e d  tw in n in g , bu t t h i s  may n o t occur in  th e  v o lc a n ic  

en v iro n m en t•

I t  i s  l e s s  common th a n  s a n id in e .  In  t r a c h y te s  and p h o n o li te s ,  i t  

form s la rg e  p h e n o c ry s ts  (5/ 1 1 3 » 3/ 225 ) bu t i s  r a r e l y  in  th e  groundm ass. 

The c ro s s -h a tc h e d  tw in n in g  may ex ten d  over th e  whole c r y s t a l  (5 /1 1 3 )» 

o r i t  may o ccu r p a t c h i ly  ( 5 /1 2 ) .  C a rlsb a d , Baveno and Manebach tw in s  

a l s o  o c c u r . T here i s  o f te n  a  p e r ip h e r a l  zone o f  in c lu s io n s  a s  in  

s a n id in e ,  and s im i l a r l y ,  th e  c ro s s -h a tc h e d  tw in n in g  does n o t ex ten d  

beyond i t ,  though C a rlsb a d  tw in n in g  d o es .

A n o rth o c la se  a l s o  o ccu rs  i n  tra c h y m u g e a r i te s , i n t e r s t i t i a l  to
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p la g io c la s e  ( 5/IO 8 , 5 / ? l ) .  Untwinned a l k a l i  f e ld s p a r  may a ls o  occur 

m an tlin g  p la g io c la s e  p h e n o c ry s ts .

(b ) P la g io c la s e  F e ld s p a rs  a re  o f co u rse  p re s e n t in  a l l  th e  b a s a l t s ,  

and in  th e  h a w a ii te s  and m u g e a r ite s . Rocks w ith  v a ry in g  p ro p o r t io n s  o f 

p la g io c la s e  and a l k a l i  f e ld s p a r  form a n a tu r a l  t r a n s i t i o n  between th e se  

la v a s  and th e  t r a c h y te s .

P la g io c la s e  in  b a s a l t s ,  i . e .  o f com position  AnyQ_^Q, shows th e  

u su a l f e a tu r e s  -  combined tw in n in g , zoning  e t c .  P e r ip h e ra l  zones o f 

in c lu s io n s ,  how ever, a re  no t se e n . I t  most u s u a l ly  o ccu rs  a s  l a t h s ,  

bu t a l s o  o ccu rs  a s  an liedra w ith  low b ir e f r in g e n c e  and  undu lose  e x t in c t io n .

In  m u g e a rite s  and h a w a ii te s ,  th e  com p o sitio n  i s  no t alw ays p r e c i s e ly  

d e te rm in a b le . M ichel-Levy and combined tw in n in g  m ethods in d i c a te ,  

how ever, t h a t  th e  co m p o sitio n  o f oAn20 and c.An^g re n d e rs  th e se  names 

a p p r o p r ia te .  Such ro c k s  a re  u s u a l ly  o n ly  s p a r s e ly  p h y r ic ,  and f r e q u e n t ly  

c o n ta in  re so rb e d  e a r l i e r  p h e n o c ry s ts  o f  h ig h e r  An c o n te n t ( ^ / 2 ^ ) . T h is  

phenomenon i s  a l s o  seen  in  b a s a l t s  (5 /^ 3 )*

P la g io c la s e  i s  r a r e  in  t r a c h y t i c  ro c k s , bu t 3/3Ô3 c o n ta in s  o l ig o -  

c la s e  p h e n o c ry s ts ,  m an tled  by untw inned a l k a l i  f e ld s p a r .

2 . F e ld s p a th o id s

(a )  N epheline  i s  p re s e n t  by d e f in i t i o n  in  th e  p h o n o li te s ,  bu t 

o ccu rs  a l s o  i n  many o f  th e  t r a c h y p h o n o l i te s .  I t  i s  a b se n t from th e  

b a s a l t i c  la v a s .

I t  o ccu rs  a s  p h e n o c ry s ts  i n  th e  b la c k  f l i n t y  p h o n o li te s  o f  th e  

Tugen H i l l s  Group, b u t i s  th e n  f r e q u e n t ly  a l t e r e d  to  a  f ib ro u s  z e o l i t e  

in  which th e  f i b r e s  a r e  o r ie n te d  p a r a l l e l  to  an edge o f th e  c r y s t a l .

T here i s  o c c a s io n a l ly  a  t h i n  c o n c e n tr a t io n  o f  g ra n u le s  o f  a e g i r in e  

and a e n ig m a tite  around  p h e n o c ry s ts  in  th e s e  p h o n o l i te s .  In  th e  ground- 

m ass, n e p h e lin e  i s  o f te n  n o t d is t in g u is h a b le  from f e ld s p a r .
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In  th e  f i s s i l e  t r a c h y te s  and t r a c h y p h o n o li te s ,  n e p h e lin e  i s  on ly  

i d e n t i f i a b l e  a s  p h e n o c ry s ts , and i s  p ro b ab ly  on ly  p re s e n t a s  su ch . I t  

i s  d i f f e r e n t  from th e  p h e n o c ry s ts  a s s o c ia te d  w ith  th e  Tugen H i l l s  

Group in  th e  fo llo w in g  r e s p e c t s :

( i )  I t  shows ev idence  o f  be ing  x e n o c ry s t ic ,  i n  t h a t  i t  h as  embayed, 

cu rved  m argins (3 /3 8 4 , from M cC lenaghan's a r e a ) .

( i i )  I t  a l t e r s  to  a  m ix tu re  o f a n a l c i t e  and brow nish , u n re s o lv a b le  

m a te r ia l  ( 3 / Ï 3 ,  3 / l 4 ) .

( i i i )  T here i s  a lm ost in v a r i a b ly  a  f r in g e  o f  a e g i r in e  a n d /o r  

a e n ig m a tite  an h ed ra , which may be a s  wide a s  th e  p h en o cry s t i t s e l f

(5 /1 3 , 5 /1 4 ) .

However, i n  th e  a u t h o r 's  a r e a ,  no f r e s h ,  i d e n t i f i a b l e  n e p h e lin e  

was seen  in  an_y f i s s i l e  t r a c h y te  and i t  may be t h a t  th e s e  p h e n o c ry s ts  

a re  in  f a c t  a l t e r a t i o n  p ro d u c ts  a f t e r  s o d a l i t e  p h e n o c ry s ts . U n a lte re d  

n e p h e lin e  i s  p re s e n t  however in  t r a c h y p h o n o li te s  from th e  Ribkwo Volcano 

in  M cC lenaghan's a r e a .

(b ) S o d a l i te  i s  commonly found in  t r a c h y te s  and tr a c h y p h o n o li te s  

o f th e  Ribkwo Complex, and p h o n o li te s  o f  th e  Tugen H i l l s  G roup. I t  i s  

d is t in g u is h e d  from n e p h e lin e  by th e  f a c t  t h a t  i t  i s  a lw ays i s o t r o p i c , 

and from analc im e by i t s  6- s id e d  s e c t io n s  ( 5 / l 4 l ) . I t s  most common 

h a b i t  i s  a s  m ic ro p h e n o c ry s ts , w ith  a  sp a rs e  f r in g e  o f a e g i r in e  a n d /o r  

am phibole (5/ 2 5 9 ) .

A s in g le  c r y s t a l  o f  s o d a l i t e  was re c o rd e d  from a  w elded t u f f ,  5 /2 2 , 

I t  i s  s ix - s id e d ,  p a le  b lu e  w ith  a  dark  brown m arg in , and i s  charged  

w ith  m inute b la c k  in c lu s io n s .

(c )  A nalcim e. T h is  i s  a  w ide ly  d i s t r i b u t e d  m in e ra l in  bo th  

b a s a l t i c ,  and t r a c h y t i c  and p h o n o l i t ic  l a v a s .  I t  most commonly o ccu rs  

a s  a  m e te o ric  m in e ra l ,  i . e .  o f  e n t i r e l y  secondary  o r ig in  ( q .v . ,  p . l i y )  

b u t may a l s o  o ccu r a s  a  p rim ary  m in e ra l.
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Examples o f  th e  l a t t e r  a r e  3 /421  and 3 /4 1 7 , where ana lc im e o ccu rs  

a s  a  l a t e  groundraass m in e ra l in  an a n k a ra m itic  h a s a n i te  and an analcim e 

b a s a l t  r e s p e c t iv e ly .  As a  p rim ary  m in e ra l o f  t h i s  n a tu re ,  i t s  o ccu rren ce  

i s  d i s t i n c t  from th e  v e in s  and v e s ic l e s  o f  i t s  secondary  env ironm ent.

I t  a l s o  o c c u rs  in  p h o n o li te s  (3 /4 4 3  and 5 /4 3 7 ) , p e rv ad in g  th e  groundm ass.

3» The P^/Toxenes

(a )  A ug ite  o ccu rs  most commonly in  b a s a l t i c  ro c k s .  In  t r a c h y te s  

and p h o n o l i te s ,  th e  c lin o p y ro x e n e s  a re  u s u a l ly  g re e n ish  and p ro b ab ly  

have a  c e r t a in  p ro p o r t io n  o f  th e  a e g i r in e  m o lecu le .

In  b a s a l t i c  ro c k s , a u g i te  o c c u rsb o th  a s  p h e n o c ry s ts  and a s  a 

groundraass m in e ra l .  The p h e n o c ry s ts  may be c o lo u r le s s ,  p a le  brown 

(5 /4 0 0 ) o r  r a r e l y  show th e  p u rp l i s h  t i n t s  a s s o c ia te d  w ith  a  h ig h e r  th a n  

u s u a l • t i ta n iu m  c o n te n t (5 /3 9 5 )•  The p a le  brown v a r i e t i e s  o f te n  have 

s l i g h t l y  d a rk e r  m arg ins (5 /4 2 5 ) .  The u su a l p r o p e r t i e s  such a s  zon ing , 

tw in n in g  and r e s o r p t io n  a re  f r e q u e n t ly  p r e s e n t .

In th e  groundm ass o f b a s a l t s ,  a u g i te  o ccu rs  most commonly a s  sm all 

c o lo u r le s s  grains d is p la y in g  an in t e r g r a n u la r  t e x tu r e  w ith  p la g io c la s e  

s e c t io n s .  T i ta n i f e r o u s  a u g i te  a l s o  o ccu rs  in  th e  groundm ass o f  some 

b a s a l t s ,  when i t  i s  in v a r i a b ly  o p h i t ic  (5 /2 2 0 ) o r s u b -o p h it ic  (5 /4 1 7 , 

5/ 2 3 5 ) to  e a r l i e r  m in e ra ls .  In  a l l  th e  s l i d e s  exam ined, such t i t a n -  

a u g i te  p re c lu d e s  th e  p re se n c e  o f  c lin o p y ro x en e  p h e n o c ry s ts ,  o r sm all 

in t e r g r a n u la r  g r a in s  in  th e  groundm ass.

A ug ite  o c c u rs  o n ly  r a r e l y  i n  t r a c h y te s .  A p a le  g reen  c lin o p y ro x en e  

o c c u rs  i n  5 /1 2  i i ,  i n  w hich th e  maximum e x t in c t io n  an g le  i s  4 l ° .  T h is 

ro ck  h a s  no no rm ativ e  a e g i r in e .  In  p h o n o l i te s ,  i t  i s  re p la c e d  by a  

d a rk e r  g reen  c lin o p y ro x e n e , th o u g h t to  c o n ta in  a p p re c ia b le  a e g i r in e .

(b )  A e g ir in e -a u g ite  i s  r e s t r i c t e d  to  t r a c h y t i c  and p h o n o li t ic  

ro c k s .  I t  o ccu rs  most commonly a s  p h e n o c ry s ts ,  u s u a l ly  rounded and 

p a r t l y  re so rb e d  ( 5 /4 l 5 ) .  I t  a l s o  o ccu rs  a s  anhed ra  in  c o a rs e r  g ra in e d
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t r a c h y te s  when i t  a p p e a rs  to  have c r y s t a l l i s e d  a t  th e  same tim e a s  

a l k a l i  f e ld s p a r .  In  t h in  s e c t io n ,  i t  i s  p le o c h ro ic  from g reen  to  

y e llo w ish  g re e n , alw ays p a le r  th a n  a e g i r in e ,  from which i t  can th u s  

be d is t in g u is h e d .  The m argins o f p h e n o c ry s ts  a re  a lm ost in v a r ia b ly  a 

d a rk e r g re e n ,

(c )  A e g irin e  i s  abundant in  th e  groundmass o f t r a c h y te s  and 

p h o n o li te s ,  bu t n ev er o ccu rs  a s  p h e n o c ry s ts . I t  i s  p le o c h ro ic  from 

dark  g reen  to  l i g h t e r  g re e n , th e  body c o lo u r f r e q u e n t ly  m asking th e  

in te r f e r e n c e  c o lo u rs .  I t  o ccu rs  e i t h e r  a s  d i s c r e t e  anhed ra  ( 5 /3 4 i i )  

o r a s  a g g re g a te s  o f b la d e -sh a p e d  s e c t io n s  (5 /9 0 , 5 /3 2 5 ) .  Such t r a c h y te s  

o f te n  ap p ea r sp e c k le d  in  hand specim en. I t  a l s o  o ccu rs  m an tlin g  e a r l i e r  

form ed fe ld s p a th o id s  (5 /4 3 5 ) .

In  p h o n o li te s ,  i t  o ccu rs  most commonly a s  v e ry  sm a ll equant dark  

g reen  g ra n u le s ,  d i s t r i b u t e d  e i t h e r  even ly  (5 /4 4 5 ) o r a s  mossy p a tc h e s  

( 5/ 4 1 5 ) ,  when th e  hand specim en ap p e a rs  sp e c k le d .

4 .  Amphiboles

(a )  A lk a l i  am phibo les a re  p re s e n t  in  n e a r ly  a l l  o f  th e  t r a c h y te s  

and p h o n o li te s  exam ined. They occur on ly  in  th e  groundm ass, n ever a s  

p h e n o c ry s ts . U su a lly , th e  in d iv id u a l  g ra in s  a re  to o  sm a ll f o r  th e  

o p t i c s  to  be f u l l y  d e te rm in ed , and i t  i s  th o u g h t t h a t  due to  e x te n s iv e  

s u b s t i t u t i o n  betw een th e  v a r io u s  members, th e  p le o c h ro ic  scheme a lo n e  

i s  n o t enough to  f u l l y  d e te rm in e  th e  s p e c ie s  o f am phibole p r e s e n t .  

A cco rd in g ly , i t  i s  no t c e r t a in  how many s p e c ie s  a re  re c o g n iz e d . From 

th e  p le o ch ro ism , two common ty p e s  o f  am phibole were re c o g n iz e d :

( i )  B lu e -g re en  am phibole (5/ 8O Ü , 5 /1 2 2 )

( i i )  Brow n-green am phibole ( 5 / l4 0 ,  5 /1 5 2 ) .

The b lu e -g re e n  am phibole co rresp o n d s  most c lo s e ly  to  a r f v e d s o n i te , 

on acco u n t o f  i t s  p leo ch ro ism  and anom alous e x t in c t io n ,  and th e  g re e n ish -  

brown am phibole to  k a t a p h o r i t e .
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In  cociraer g ra in e d  ro c k s , and o c c a s io n a lly  in  f in e  g ra in e d  la v a s ,  

l a r g e r  s e c t io n s  o f am phibole o c c u r, and can be more s p e c i f i c a l l y  i d e n t i 

f i e d .  In  t h i s  manner, eckerm ann ite  was i d e n t i f i e d  i n  a  d ru sy  c a v i ty  

in  5/ 5 0 2 , and m a g n e s io k a ta p h o rite  i n  a  s y e n i te  (5 /405)*

In  many t r a c h y te s  ( e .g .  5 /219 ) two am phiboles c o e x i s t .

A en ig m atite  ( o r  c o s s y r i t e )  i s  a  dark  brown ch a in  s i l i c a t e  p ro b ab ly  

r e l a t e d  to  th e  p y ro x en es. I t s  a b s o rp tio n  i s  much g r e a te r  th a n  th e  

brown am ph ibo les, co m p le te ly  masking th e  in te r f e r e n c e  c o lo u rs .  I t  i s  

v e ry  common b o th  in  t r a c h y te s  (5 /6 )  and p h o n o li te s  (5 /4 4 5 ) , where i t  

may occur a s  an h ed ra  o r mossy a g g re g a te s  o f sm a ll g ra n u le s  o r anhedra

(5/ 6 6 ) .

(b) Brown am phibole a s  d i s t i n c t  from th e  brown a l k a l i  am phiboles 

i s  uncommon, and o ccu rs  on ly  in  th e  K ap ch ere ra t F o rm atio n . In  5 /4 2 4 , 

i t  o ccu rs  a s  p a r t l y  re s o rb e d  p h e n o c ry s ts . R e a c tio n  in  th e  groundmass 

h as  le d  to  t h e i r  b e in g  su rro u n d ed  by th ic k  c o n c e n tra t io n s  o f g ra n u le s  

o f b la c k  opaque o r e .  In  5 /4 4 l ,  th e  r e a c t io n  h as  p roceeded  f u r th e r ,  so 

th a t  many o f th e  s e c t io n s  a rd  a lm o st e n t i r e l y  re p la c e d  by opaque o re .  

The same m in e ra l a l s o  o ccu rs  in  5 /5 8 5 j an a n o r th o c la s e - t r a c h y te .

I t  i s  p le o c h ro ic  from brown to  re d d is h  brown, w ith  2V (-) c .  ? 0 ° .

5 .  O liv in e

(a )  F o r s t e r i t i c  o l iv in e  i s  found in  n e a r ly  a l l  o f  th e  b a s a l t s  in  

th e  a r e a .  I t  i s  t y p i c a l l y  c o lo u r le s s ,  and alw ays e x t in g u is h e s  e v en ly .

I t  i s  o f te n  id io m o rp h ic , w ith  py ram id al te rm in a t io n s  w e ll developed .

I t  i s  in v a r i a b ly  a l t e r e d ,  even i f  on ly  s l i g h t l y ,  to  one o f th e  fo llo w in g : 

a  g re e n is h  m a te r ia l ,  r e f e r r e d  to  a s  b o w lin g ite  (5 /4 8 , 5 /5 0 6 ) , o r  l e s s  

commonly id d in g s i t e  (5 /4 0 , 5 /5 2 0 ) ,  R a re ly  (5 /5 5 ) a  f ib r o u s  g reen  

m in e ra l,  p o s s ib ly  a n t i g o r i t e  o r  t a l c ,  o ccu rs  r e p la c in g  o l iv in e ,  a s s o c i

a te d  w ith  opaque o r e .
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(b ) F a y a l i t i c  o l iv in e  o ccu rs  in  some t r a c h y te s  ( e .g .  5 /3 0 3 ) .  I t  

form s sm all e u h e d ra l p h e n o c ry s ts  w ith  sh a rp  p y ram idal te rm in a t io n s .  I t  

i s  p a le  lemon yellow  in  c o lo u r , on ly  w eakly p le o c h ro ic ,  and i s  u n a l te r e d .

6 . M icas

(a )  B io t i t e  i s  n o t common. In  p h o n o li te s  i t  o ccu rs  a s  pheno

c r y s t s ,  showing th e  u s u a l s tro n g  p leoch ro ism  from dark  brown to  p a le  

brown (5 /4 2 7 ) ,  o r even from alm ost b la c k  to  y e llo w ish  (5 /4 1 0 ) .  

O c c a s io n a lly , r e a c t io n  rim s o f m a g n e tite  g ra n u le s  a re  d ev e lo p ed . I t  

a l s o  o ccu rs  a s  anhed ra  i n  th e  a s s o c ia te d  p y r o c la s t i c s .

I t  o ccu rs  a s  a  groundmass m in e ra l in  some b a s a l t s  o f  th e  Kap

c h e r e ra t  F o rm ation  (5 /3 7 2 ) and in  th e  Kokomaa Form ation  (5 /4 1 7 ) 

where i t  i s  p le o c h ro ic  from re d d is h  brown to  s traw  y e llo w .

(b ) P h lo g o p ite  was n o te d  in  on ly  one in s ta n c e .  I t  o ccu rs  in  a  

tra c h y m u g e a rite  ( 5 /7 l )  o f  th e  K ach ila  V o lcan ics  a s  a n h e d ra l p l a t e s .

I t  i s  p le o c h ro ic  from p a le  ye llow  to  n e a r ly  c o lo u r le s s ,  and i s  pseudo- 

u n ia x ia l  n e g a t iv e ,

7 « A ccessory  M in e ra ls

(a )  Opaque b la c k  o re  o ccu rs  in  n e a r ly  a l l  th e  ro c k s  exam ined.

I t  i s  p ro b ab ly  m a g n e tite  o r i lm e n i te ,  o r b o th , s in c e  b o th  u s u a l ly  occur 

i n  th e  norm. I t  may o ccu r a s  d is p e rs e d  g r a in s  in  t r a c h y te s  ( 5 / l 6 i i ) ,  

b a s a l t s  (5 /2 4 0 ) and h a w a i i t ic  ro c k s  (5/ 5 2 ) ,  o r a s  re s o rb e d  g r a in s  w ith  

s k e l e t a l  form in  b a s a l t s  (5 /4 3 8 ) and t r a c h y t i c  ro c k s  (5 /4 lO ) . I t  a ls o  

o ccu rs  a s  a  l a t e  p h ase , moulded around groundmass m in e ra ls  i n  b a s a l t s  

(5 /1 4 9 , 5 /2 4 2 ) .

I lm e n ite  i s  more p o s i t i v e ly  i d e n t i f i e d  when i t  o ccu rs  a s  w isps 

and sh re d s  (5/ 5 8 ) .

(b ) Q u artz  a p p e a rs  a s  an a c c e sso ry  in  some t r a c h y te s ,  i n  th e  

K afkandal and Mugor T ra c h y te s , and in  th e  Tugen H i l l s  Group. In
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5/248  and 5/ 3H b , i t  o c c u rs  a s  s h a p e le s s  anhed ra  occupying i n t e r s t i c e s  

in  th e  groundm ass. I t  form s no more th a n  oî e i t h e r  ro c k , bu t ap p ea rs  

to  be a  p rim ary  m in e ra l .  I t  o ccu rs  s im i la r ly  i n  5 /423  and 5 /382  from 

th e  Tugen H i l l s  Group, in  s e c t io n s  la rg e  enough in  5 /423  to  g iv e  a 

u n ia x ia l  (+) f i g u r e .

(c )  A p a ti te  i s  p re s e n t  in  a l l  th e  la v a s  exam ined. I t  o ccu rs  

n e a r ly  alw ays a s  c l e a r  c o lo u r le s s  p rism s , u s u a l ly  sm a ll i n  t r a c h y te s ,  

l a r g e r  i n  b a s a l t s  (5 /3 4 9 ) ,  b u t o c c a s io n a lly  i t  o ccu rs  a s  la r g e  dusky 

brown c r y s t a l s ,  w ith  f ib ro u s  in c lu s io n s  a rra n g e d  in  p a r a l l e l  fa sh io n  

p e rp e n d ic u la r  to  th e  c a x is  (5 /3 3 0 ) .  Such a p a t i t e  i s  a l s o  seen  in  

a lk a l in e  ig n eo u s  ro c k s  in  A u s t r a l i a  ( J o p l in ,  1968, p .6 9 ) .

8 . S econdary  M in era ls

(a )  Z e o l i t e s  occu r in  many o f th e  t r a c h y t i c  and p h o n o l i t ic  la v a s  

and p y r o c la s t i c s ,  and l e s s  ab u n d an tly  so in  th e  b a s a l t s .  Only r a r e l y  

a re  th e y  s p e c i f i c a l l y  i d e n t i f i a b l e ,  s in c e  th e y  u s u a l ly  occur a s  ag g re 

g a te s  o f sm a ll f i b r e s  and g r a in s .

( i )  ^col_ecit_e was s p e c i f i c a l l y  i d e n t i f i e d  in  5/ 3 8 6 , a  v e s ic l e  from 

th e  K ap ch erera t F o rm atio n , where th e  m in e ra l o ccu rs  as  p rism s up to

2  cm. long  in  a s s o c ia t io n  w ith  n a t r o l i t e  and an a lc im e .

( i i )  ü ^ iro li t_ e  i s  i d e n t i f i a b l e  when a l l  th e  f i b r e s  o f  th e  same

ap p earan ce  a r e  le n g th  slow , a s  in  5/ 3 8 6 , and a re  b i r é f r i n g e n t  up to  

1 s t  o rd e r  y e llo w .

The o th e r  f ib r o u s  z e o l i t e s  a re  d i f f i c u l t  to  id e n t i f y ,  a s  th e y  a re  

in  g e n e ra l  e i t h e r  le n g th  slow  o r le n g th  f a s t ,  depending on th e  o r ie n 

t a t i o n .

( i i i )  A nalcim e, in  th e  secondary  env ironm ent, i s  u s u a l ly  f a i n t l y  

b i r é f r i n g e n t ,  th e  a n iso tro p ism  being  uneven ly  d i s t r i b u t e d  th ro u g h o u t 

th e  e x te n t  o f  th e  m in e ra l (5 /2 3 4 a ) . I t  o ccu rs  in  c a v i t i e s  (234a) ,  

v e s i c l e s  (5 /4 1 1 ) and v e i n l e t s .  I t  a l s o  o ccu rs  in  th e  m a tr ic e s  o f  p y ro -
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e l a s t i c s  ( 5/ 4 3 1 ) and sed im en ts  (5 /3 6 3 ) .  I t  i s  o f te n  a s s o c ia te d  w ith  

c a l c i t e  (5 /4 3 7 ) , when i t  i s  e v id e n t t h a t  th e  a n a l c i t e  c r y s t a l l i z e d  

b e fo re  th e  c a l c i t e .

Among th e  o th e r  n o n -f ib ro u s  z e o l i t e s  i s  h e u la n d i te  in  5 / 5 0 i i ,  

w ith  2V (+) c i r c a  4 o ° .

(b ) O ther secondary  m in e ra ls  in c lu d e  th e  fo llo w in g :

( i )  O hal£e^ony o c c u rs  in  some t r a c h y te s  (5 /9 ,  a s s o c ia te d  w ith  

seco n d ary  q u a r t z ) , b u t more o f te n  in  c l a s t i c  ro c k s  such a s  f a u l t  b r e c c ia s  

( 5/ 3 3 ) o r th e  Turkana G r i t s  (5 /3 6 3 ) .  I t  may occur a s  s p h e r u l i t e s  w ith

a r a d ia t in g  s t r u c t u r e ,  o r in  a  d is se m in a te d , m ic ro g ra n u la r  form .

( i i )  £b^lo£ iie  o ccu rs  a s  a  secondary  m in e ra l in  th e  groundraass o f 

some b a s a l t s  a s  a  m ic ro g ra n u la r  a g g re g a te  w ith  p in p o in t p o la r i z a t io n  

(5/ 3 5 ) ,  o r f ib r o u s  (5 /3 9 5 ) .

( i i i )  f e r ru g in o u s  m a^terial i s  p re se n t in  many a l t e r e d  la v a s ,  a s  

a  consequence o f  th e  breakdown and o x id a tio n  o f m afic m in e ra ls .  I t  

o ccu rs  i n t e r s t i t i a l  to  f e ld s p a r  in  5 /3 9 , a  t r a c h y te  la v a ; d is se m in a te d  

th ro u g h o u t th e  m a tr ix  in  5/ 2 3 , o f a u l t  b re c c ia ;  a s  bands w ith  i r r e g u l a r  

f r o n ts  i n  5 /3 7 2 ; and d e n se ly  c h a rg in g  th e  groundm ass, 5/ 28 I .  Most o f 

th e  fe r ru g in o u s  m a te r ia l  ap p ea rs  to  be l im o n ite .

( iv )  C alcit_e o c c u rs  in  some b a s a l t s ,  and in  th e  Turkana G r i t s .  I t  

o c c u rs  r a r e l y  i n  p h o n o li te s  (5 /4 3 7 ) in  a s s o c ia t io n  w ith  l a t e  s ta g e  

an a lc im e .

In  b a s a l t s ,  i t  o c c u rs  a s  an i n t e r s t i t i a l  m in e ra l e n c lo s in g  f e ld s p a r  

in  5/ 3 9 5 , where i t  may even be d e u te r ic ,  and n o t e n t i r e l y  seco n d ary .

In  t h i s  s l i d e ,  th e  c a l c i t e  i s  i n  th e  form o f la rg e  c r y s t a l s .  In  5 /4 5 , 

i t  o c c u rs  i n  v e s i c l e s ,  n o t e n c lo s in g  f e ld s p a r ,  and w ith  a  f ib ro u s ,  

r a d i a l  s t r u c t u r e ,  th e  c e n t r e s  o f  c r y s t a l l i z a t i o n  be ing  th e  v e s ic le  

w a l l s .  The i n t e r s t i c e s  betw een a d ja c e n t ’ f r o n t s '  a r e  f i l l e d ,  p a r t l y  

o r  w h o lly , w ith  a  g ra n u la r  c a l c i t e  m ozaic.
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I t  o ccu rs  a ls o  i n  th e  m a tr ix  o f  th e  Turkana G r i t s ,  m ic ro g ra n u la r  

in  5/ 3 5 1 , a s s o c ia te d  w ith  chalcedony , and a s  a  c o a r s e r  g ra in e d  s p a r i t i c  

m onom ineralic m a tr ix  in  5 /3 5 9 .

In  5/ 234A, tv;o m in e ra ls  occur in  v e s ic l e s ,  a s s o c ia te d  w ith  

an a lc im e , which have n o t been seen  e lsew here  i n  th e  a r e a .  They a re  

t e n t a t i v e l y  i d e n t i f i e d  as  fo llo w s : c a s s i t e r i t e , w ith  u n ia x ia l  +ve

f ig u r e ,  h ig h  R . I .  and h ig h  b i r e f r in g e n c e ;  and a re d  p r is m a tic  m in e ra l, 

p o s s ib ly  t h u l i t e , w ith  th e  fo llo w in g  p r o p e r t i e s :  p le o c h ro ic  from ro se  

re d  (w ith  c leav ag e  E-W) to  c o lo u r le s s  (c le a v a g e  N -S), le n g th  slow , 

b i r e f r in g e n c e  up to  2nd o rd e r  b lu e , s t r a i g h t  e x t in c t io n .

Fe r ro s ti lp n o m e la n e  was p ro v is io n a l ly  i d e n t i f i e d  in  5 / l 0 4 , where 

i t  o ccu rs  a s  l a t h s  and anhed ra  i n  th e  groundraass, p le o c h ro ic  from g reen  

to  g re e n ish  y e llo w , u n ia x ia l  o r p se u d o u n ia x ia l n e g a tiv e  (H u tto n , 1938,

pp , 172- 2 0 6 ) .

PART 2: PETROGRAPHY

In  t h i s  s e c t io n ,  la v a s  w i l l  be d e a l t  w ith  f i r s t ,  th e n  i n t r u s i v e 3 , 

and f i n a l l y  c l a s t i c _ r o c k s .  S ix - f ig u r e  numbers a f t e r  specim en

numbers a re  g r id  r e f e r e n c e s  p e r ta in in g  to  th e  map o f  th e  a r e a .

1 . B a s a l ts

The m a jo r i ty  o f  th e  b a s a l t s  o f  th e  a re a  occur in  th e  K ap ch e re ra t, 

T ir io k o  and Kamosing F o rm a tio n s , w ith  on ly  m inor amounts e lsew h ere .

In  b o th  th e  K ap ch ere ra t and T ir io k o  F o rm atio n s , la v a s  o th e r  th a n  

b a s a l t  o ccu r i n  m inor q u a n t i ty ,  and in c lu d e  m u g e a rite s , h a w a ii te s  

and t r a c h y te s .  These w i l l  be d e a l t  w ith  in  l a t e r  s e c t io n s .

(a )  The K ap ch ere ra t F orm ation

B a s a l ts  i n  t h i s  fo rm a tio n  cover a  range  from a p h y ric  o l i v in e - f r e e
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ty p e s  ( 5 / 3 7 2 , 5/ 4 2 0 ) to  p la g io c la s e  p h y ric  ( 5/ 365 ) and h ig h ly  a u g i te  and 

d i v i n e  p h y ric  ty p e s  (5 /4 2 1  & 5 /4 2 5 ) ,  see  T able 2 . The commonest te x tu r e  

i s  in t e r g r a n u la r ,  i n  which sm a ll a u g i te  and d i v i n e  g r a in s  occur between 

p la g io c la s e  l a t h s .  P la g io c la s e  a ls o  o ccu rs  a s  an i n t e r s t i t i a l  m in e ra l, as  

s h a p e le s s  an lied ra , w ith  i l l - d e f i n e d ,  shadowy tw in  la m e lla e  and undulose 

e x t in c t io n .  B io t i t e  o ccu rs  a s  a c c e s so ry  in  many o f th e  specim ens exam ined, 

a lth o u g h  i t  i s  u s u a l ly  v e ry  r a r e .  In  5 /372  and 5 /4 4 3 , i t  i s  an abundant 

a c c e s so ry .

Two b a s a l t s ,  5 /424  and 5 /4 4 l ,  c o n ta in  a brown am phibo le . In  th e  form er 

s l i d e ,  th e  am phibole i s  a  r e d d is h  brown c o lo u r , and m ild ly  p le o c h ro ic ,  and 

th e  fo u r  g r a in s  p re s e n t  a re  su rro u n d ed  by f r in g e s  o f m a g n e tite  g r a in s ,  

le a v in g  th e  body o f  th e  g ra in  u n a f fe c te d .  The p la g io c la s e  v a r ie s  in  compo

s i t i o n  from Any^ to  Anz^g. In  5 /4 4 l ,  th e  c r y s t a l s  a r e  a lm ost co m p le te ly  

re p la c e d  by m a g n e tite . Replacem ent p ro ceed s a long  c le a v a g e s  and f r a c t u r e s ,  

so t h a t  th e  rem nant c o re s  a re  a lre a d y  im pregnated  w ith  m a g n e tite . The body 

c o lo u r  i s  a  more g re e n is h  brown, and th e  p leo ch ro ism  i s  more in te n s e  in  b a s a l  

s e c t io n s .  From ex am in atio n  o f th e  p h e n o c ry s ts  and groundm ass, a  com plete 

h i s to r y  fo r  th e  c r y s t a l l i s a t i o n  o f t h i s  ro ck  can be e lu c id a te d :

1 . A p a ti te  and m a g n e tite .

2 . Amphibole and a u g i te  p h e n o c ry s ts  to g e th e r ,  s in c e  bo th  may en c lo se  

th e  o th e r .

3 . A l te r a t io n  o f  am phibo le .

4 .  P la g io c la s e  p h e n o c ry s ts ,  s in c e  th e s e  e n c lo se  a l l  e a r l i e r  m in e ra ls .

5 . R e a c tio n  o f  magma w ith  a u g i te ,  embayment o f l a t t e r ,  and fo rm atio n  

o f  spongy m argins w ith  m a g n e tite  g r a in s .  T hat p o r t io n  o f an a u g i te  pheno

c r y s t  e n c lo se d  by p la g io c la s e  rem ains u n a l te r e d ,  w h ile  t h a t  p a r t  n e a r  th e  

rim  o f  th e  p la g io c la s e  p h e n o c ry s ts  i s  o n ly  a  l i t t l e  a l t e r e d ,  in d ic a t in g  

t h a t  th e  a l t e r a t i o n  a g e n ts  can o n ly  p e n e t r a te  a  s h o r t  d is ta n c e  a lo n g  th e  
s u tu r e ,

6 . C o n tin u in g  and r a p id  c r y s t a l l i s a t i o n  o f  m a g n e tite , p la g io c la s e  and 

a u g i te  i n  th e  groundm ass. The p la g io c la s e  in  th e  groundm ass v a r ie s  from 

CoAn^g down to  c.An^Q. T here may be a  ran g e  in  com p o sitio n  down to  o l ig o -  
c l a s e .
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1 2 1

Only one specim en was ta k e n  o f  th e  Karu R iv e r  B a s a l t s .  T h is  i s  a  

s u b o p h it ic  o l iv in e  b a s a l t  (5/ 255 ) ,  in  which numerous o l iv in e  m icropheno

c r y s t s  and p la g io c la s e  l a t h s  a re  p a r t l y  e n c lo se d  by p l a t e s  o f  s l i g h t l y  

t i t a n i f e r o u s  a u g i te .

(b ) The T ir io k o  B a s a l ts

In  t h i s  fo rm a tio n , a l l  th e  b a s a l t s  excep t one were seen  to  c o n ta in  

o l i v in e ,  e i t h e r  in  th e  groundm ass o r a s  p h e n o c ry s ts . Only in  5 /530  was i t  

n o t d e f i n i t e l y  i d e n t i f i e d ,  bu t may be p re s e n t in  th e  groundm ass, obscured  by 

m a g n e tite .

Many o f th e  specim ens c o l le c t e d  come from th e  m icro p h y ric  u n i t  ( p .4 5 ) .  

T y p ic a l such la v a s  a r e  d e s c r ib e d  i n  T ab le 5 , 5 /246 and 5 /5 lS .  The pheno

c r y s t s  a re  seldom  e v id e n t in  hand specim en, but in  t h in  s e c t io n  m icropheno

c r y s t s  o f  o l i v in e ,  and l e s s  commonly a u g i te ,  a re  u b iq u i to u s .  So a ls o  a re  

p la g io c la s e  p h e n o c ry s ts ,  and in  many specim ens, even th o se  in  which la rg e  

p la g io c la s e  p h e n o c ry s ts  a re  few in  number, th e re  i s  u s u a l ly  a  com plete 

g r a d a t io n  in  s iz e  from p h e n o c ry s ts  to  groundmass p la g io c la s e .

Only fo u r  o f th e  la v a s  (2 6 ? , l4 2 , 550 & 157) a re  co m p le te ly  a p h y r ic .

Of th e s e ,  th e  f i r s t  two have a  s u b -o p h it ic  t e x tu r e ,  w h ile  th e  l a t t e r  two 

a re  in te r g r a n u la r*

O p h itic  and s u b -o p h i t ic  la v a s ,  how ever, can a ls o  be p o r p h y r i t ic .

A ug ite  p h e n o c ry s ts  n ev e r o c c u r, bu t bo th  o l iv in e  and p la g io c la s e  occur 

to g e th e r  (5 /1 2 5 , 5 / l 4 9 ) .

The s t r o n g ly  p o r p h y r i t ic  la v a s  a l l  d is p la y  in te r g r a n u la r  te x tu r e  in  

th e  groundmass* Specimen 5 /249  i s  an o c e a n ite ,  P la te  XX* th o u g h t to  

r e p r e s e n t  a  r e s id u a l  m a te r ia l ,  see  T ab le 5 . I t s  ch em is try  i s  d isc u sse d  

on p . 175* Lavas from th e  a u g i te - o l iv in e - p h y r ic  u n i t  ( p .45) have a  low er 

p h en o c ry s t c o n te n t th a n  5 /2 4 9 , and a  h ig h e r  a u g i te  to  o l iv in e  p h en o cry st 

r a t i o .  The la v a s  i n  th e  p la g io c la s e -p h y r ic  u n i t  (5/ 28 5 ) a ls o  have an 

in t e r g r a n u la r  te x tu r e *  The p h e n o c ry s ts  a r e  up to  2 cm. lo n g , and a re  

f r e q u e n t ly  a r ra n g e d  so t h a t  th e  (Old) p la n e s  a re  s u b - p a r a l l e l .  However,

* P la t e s  XX-XXXII i n c . ,  and XXXIV a re  a f t e r  p * l4 l .
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t h i s  does n o t im p art a  f i s s i l i t y  to  th e  ro c k , s in c e  th e  groundmass f e ld s p a r s  

a re  n o t so a r ra n g e d ,

( c ) The Turnungir B a s a l ts

Of th e  th r e e  specim ens c o l le c te d ,  5 /25^  i s  o l i v in e - p la g io c la s e - p h y r ic , 

w h ils t  5 /2 ?4  and 5 /2 7 6  (T ab le  4) c o n ta in  p a le  brown a u g i te  p h e n o c ry s ts  in  

a d d i t io n .  A ll  th r e e  have in t e r g r a n u la r  t e x tu r e ,  and th e r e  i s  a  sh a rp  d is 

t i n c t i o n  in  each betw een p h e n o c ry s ts  and groundm ass.

(d ) The Ribkwo Complex

B a s a l ts  i n  t h i s  complex occur e x c lu s iv e ly  i n  th e  main s h ie ld  u n i t ,  

p r in c i p a l l y  i n  i t s  low er p a r t .  A ll a re  o l iv in e  b e a r in g , and have i n t e r 

g ra n u la r  t e x tu r e .  P h en o c ry s ts  a re  u s u a l ly  n o t l a r g e r  th a n  2 mm., and 

c o n s is t  p r in c i p a l l y  o f o l iv in e  (5 /1 2 1 ) .  Specimen 5 /128  a l s o  c o n ta in s  

abundant p la g io c la s e  p h e n o c ry s ts , o th e rw ise  r a r e  in  th e  Ribkwo Complex 

b a s a l t s .

Specimen 5 /4 1  from C h e re lg a t ( p .59) i s  a lm ost co m p le te ly  a p h y r ic , 

see  T ab le 5 , b u t th e  o th e r  b a s a l t s  a l l  c o n ta in  a  m oderate p ro p o r tio n  o f 

p h e n o c ry s ts .

(e )  Nasak en Complex

In  t h i s ,  th e r e  a re  two o c c u rre n c e s  o f b a s a l t  i n  th e  a u t h o r 's  a r e a ,  

in  sq u are  816O, and a t  K a t i r r ,  766I  & 7 6 6 2 . The form er i s  a  s in g le  flow , 

g re y is h  i n  hand specim en, and was i d e n t i f i e d  in  th e  f i e l d  a s  a  t r a c h y b a s a l t .  

In  t h i n  s e c t io n ,  5/ I 8 8 , i t  i s  a p h y r ic , and to o  w eathered  f o r  th e  com position  

to  be a c c u r a te ly  d e te rm in e d . P la g io c la s e  m icro p h y ric  l a t h s  a re  v i s i b l e ,  and 

id d in g s i t e  a f t e r  groundm ass o l i v in e .

The K a t i r r  b a s a l t  member o f  th e  Nasaken Complex c o n s i s t s  l o c a l l y  o f 

th r e e  f lo w s . Specimen 5 /2 2 0 , P la te  XXI, i s  an o p h i t ic  o l iv in e  b a s a l t ,  w ith  

bo th  o l iv in e  and p la g io c la s e  p h e n o c ry s ts , bu t 5/ 2 2 1 , a lth o u g h  o f th e  same 

g e n e ra l  co m p o sitio n , h a s  an in t e r g r a n u la r  t e x tu r e .  I t  i s  n o t c e r t a in ,  from
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f i e l d  r e l a t i o n s h ip s ,  w hether th e s e  two specim ens a re  from d i f f e r e n t  f lo w s, 

o r d i f f e r e n t  p a r t s  o f th e  same flo w .

( f ) The K ach ila  Lavas

In  t h i s  s e c t io n  a re  in c lu d e d  th e  b a s a l t s  in  K arianaraani and th e  A te r i r  

b e d s . A ll  th o se  exam ined c o n ta in  o l i v in e ,  o r pseudomorphs o f  id d in g s i te  

a f t e r  o l i v in e .  Many o f  th e  b a s a l t s  a re  on ly  m ic ro p h y ric , b e a r in g  sm all 

p h e n o c ry s ts  o f  o l iv in e  and p la g io c la s e ,  and r a r e  a u g i te .  The commonest 

te x tu r e  i s  in t e r g r a n u la r ,  bu t 5 /139  and 5/l62A  a re  o p h i t i c ,  w h ile  5 / l 6 l  h as  

a f lu x io n  te x tu r e  im p a rted  by th e  p a r a l l e l  a lignm en t o f p la g io c la s e  m icro

p h e n o c ry s ts .

Among th e  o ld e s t  b a s a l t s  i n  t h i s  u n i t  a re  th e  Morupuran b a s a l t  (5 /5 ^ )  

and th o s e  th o u g h t to  be i t s  l a t e r a l  e q u iv a le n t low in  K arianam ani (5 /l62A ) 

and K ach ila  (5/ I 6 8 ) ,  see  T able 6 , These v a ry  s l i g h t l y  in  th e  r e l a t i v e  

p ro p o r tio n s  o f p la g io c la s e  to  o l iv in e  p h e n o c ry s ts .

Four specim ens o f  th e  upper A te r i r  b a s a l t  ( 5 /^ 5 j 5/^7» 5 /129  & 5 /131 ) 

were c o l l e c t e d .  These a l l  showed a  p reponderance o f  p la g io c la s e  p h e n o c ry s ts  

over o l i v in e ,  P h e n o c ry s ts  av erag e  An^^ in  co m p o sitio n , and th e  groundmass 

c : An^g o

Tlie b a s a l t s  in  K ach ila  i t s e l f  cov er th e  s t r a t i g r a p h ie  range o f  th e  

K ach ila  V o lc a n ic s . They a re  more o r l e s s  c o n s is te n t  i n  t h a t  th e y  have a  

h ig h e r  p h en o c ry s t c o n te n t th a n  th o se  from o th e r  fo rm a tio n s , and in  t h a t  th e  

p h e n o c ry s ts  a re  l a r g e r .  P h e n o c ry s ts  may form up to  o f  th e  ro c k , p la g io 

c la s e  in  g e n e ra l  p red o m in a tin g  over o l i v in e ,  and a ls o  a t t a in i n g  a g r e a te r  

maximum s i z e .  Specimen 5 /209  (T ab le  6 ) h as  th e  h ig h e s t  p h en o cry s t c o n te n t .  

Specimen 5 /171  i s  d i s t i n c t  i n  th a t  i t  h as  a c c e sso ry  b i o t i t e ,  in  s e c t io n s  

la r g e  enough to  o b ta in  a  d ia g n o s t ic  in te r f e r e n c e  f ig u r e .

Of th e  th r e e  specim ens o b ta in e d  from th e  Ghemusowai u n i t ,  5/157-^ from 

th e  low er flow  c o n s i s t s  o f eq u a l p ro p o r tio n s  o f p la g io c la s e  and id d in g s i te  

a f t e r  o l iv in e  p h e n o c ry s ts  i n  an in te r g r a n u la r  groundm ass. Specim ens 5 /176
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and 5 /1 7 7  from th e  upper flow  a re  much f in e r  g ra in e d , and c o n ta in  on ly  

o c c a s io n a l p la g io c la s e  p h e n o c ry s ts . O liv in e  i s  r e s t r i c t e d  to  th e  ground

m ass, which i s  f in e  g ra in e d , w ith  an in t e r g r a n u la r  t e x tu r e .

(g ) The Kamosing Form ation

A ll th r e e  members o f  t h i s  fo rm a tio n  a re  o l iv in e  b a s a l t  la v a s .

The K ahan av isian  member c o n s is t s  o f  two la v a  ty p e s ,  p ro b ab ly  r e l a t e d  to  

tv/o s o u rc e s .  That la v a  in  th e  Chemukol R iv e r  and on K ahanav isian  i t s e l f  i s  

an o l iv in e - a u g i te  m ic ro p h y ric  b a s a l t ,  r e p re s e n te d  by 5 /^ 0  in  T ab le 7* I t  

i s  seen  to  be v e ry  v e s ic u la r  in  t h in  s e c t io n ,  th e  i n t e r s t i c e s  being  occupied  

by i r r e g u l a r ,  o f te n  co n n ec ted , c a v i t i e s ,  som etim es f i l l e d  w ith  c o a rs e ly  

c r y s t a l l i n e  c a l c i t e .  The o l iv in e s  a re  a l t e r i n g  to  a c h a r a c t e r i s t i c  orange 

co lo u re d  id d i n g s i t e .

The o th e r  ty p e  com prises th e  o u t l i e r  o f th e  K ah anav isian  b a s a l t  member 

o v e r ly in g  th e  A te r i r  b ed s . I t  i s  m arkedly f e ld s p a r  p h y r ic ,  and la c k s  th e  

p o r o s i ty  o f  th e  f a c i e s  d e sc r ib e d  above. F u r th e r ,  th e  o l iv in e s  a re  a l t e r i n g  

n o t to  i d d i n g s i t e ,  bu t to  b o w lin g i te .  Of th e s e ,  5 /156  in  T able 7 i s  ty p ic a l^  

P la te  X X lI, F ie ld  r e l a t i o n s h ip s  in  squ are  75^9 in d i c a te  t h a t  t h i s  i s  th e  

younger o f th e  two ty p e s .

The P a t iv a t  member s t r o n g ly  re sem b les  th e  f e ld s p a r  p h y ric  ty p e  o f  th e  

K ah an av isian  b a s a l t  member. A gain, th e r e  i s  a  s l i g h t  v a r i a t i o n  in  th e  

p h en o c ry s t c o n te n t ,  bu t th e  g e n e ra l  r u le  i s  t h a t  p la g io c la s e  exceeds o l iv in e .  

In  most o f th e  specim ens, th e r e  i s  a  ran g e  in  s iz e  from p h en o cry s t down to  

s m a l le s t  groundm ass in  bo th  o l iv in e  and p la g io c la s e  (5/ 2 7 , 5/ 7 0 , 5/ 8 2 ) .

In  some, however ( 5/ 8I ,  5/ 6 2 ) ,  th e r e  i s  an a b ru p t b reak  betw een p h e n o c ry s ts  

and groundm ass.

The two specim ens (5/IO 7 & 5/R 6 0 ) o f  th e  Tuwut member a re  no t a t  a l l  

s im i la r ,  Specim en 5 /107  c lo s e ly  resem b les  th e  o l iv in e -p h y r ic  ty p e  o f  th e  

K ah an av isian  member, i n  t h a t  th e  o l iv in e  p h e n o c ry s ts  a re  rimmed w ith  id d in g 

s i t e ,  and t h a t  p la g io c la s e  p h e n o c ry s ts  a re  a b s e n t.  In  5 /2 6 0 , how ever.
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d i v i n e  i s  r e s t r i c t e d  to  th e  groundm ass. P la g io c la s e  o ccu rs  a s  m icropheno

c r y s t s  ra n g in g  dovm to  groundm ass l a t h s  in  s i z e .

2_, M u g e a ritic  and H a w a iitic  Lavas

These p ro v id e  a  l i n k  between b a s a l t s  on th e  one hand and p h o n o li te s  

and t r a c h y te s  on th e  o th e r  « The p ro d u c tio n  o f th e  l a t t e r  two from b a s a l t  

p ro b ab ly  in v o lv e s  th e  p ro d u c tio n , d u rin g  some s ta g e  o f  th e  p ro c e s s , o f 

m u g e a ritic  and h a w a i i t ic  l a v a s ,  T h is  w i l l  be more f u l l y  expounded in  

C hap ter 6 , bu t i t  i s  s u f f i c i e n t  a t  t h i s  s ta g e  to  say  th a t  a  p o s s ib le  conse

quence o f  t h i s  p ro c e ss  i s  th e  p ro d u c tio n  o f t r a c h y t i c  la v a s  b e a r in g  p la g io 

c la s e  p h en o cry sts»

Such la v a s  do o ccu r in  th e  p re s e n t  a r e a ,  and th e y  d i f f e r  in  t h in  s e c tio n  

and hand specim en from th e  more norm al f i s s i l e  t r a c h y te s  -  th e  "en d -p ro d u c t 

t r a c h y te s "  so to  speak» These la v a s  w i l l  be d e a l t  w ith  in  a  s e p a ra te  s e c t io n  

a s  th e y  a re  r i g h t l y  t r a c h y te s .

M u g earite s  and h a w a ii te s  a re  d e f in e d  by th e  a n o r th i t e  c o n te n t o f th e  

groundm ass p la g io c la s e .  The i d e n t i f i c a t i o n  i s  u s u a l ly  easy  in  th e  ca se  o f 

h a w a ii te s ,  b u t w ith  th e  m u g e a rite s , th e r e  ap p ea rs  to  be a  s t r u c t u r a l  passag e  

betw een o l ig o c la s e ,  v ia  K -o lig o c la so  to  a n o r th o c la s e . P o ta s h -o l ig o c la s e  

(o r  K -o lig o c la so )  h a s  been re p o r te d  by Macdonald (1942, p p .793- 800 ) to  have 

a 2 i(+ )  a s  low a s  10^ . The a u th o r  h a s  observed  groundm ass f e ld s p a r  in  

m u g e a rite s , and p h e n o c ry s ts  i n  p la g io c la s e - t r a c h y te s  w ith  a  2V(+) c .3 0 ° , 

bu t n o t low er th a n  t h i s .  I t  i s  c o n s id e re d , th e r e f o r e ,  t h a t  some o f th e  

p re s e n t  la v a s  c o n ta in  K -p la g io c la s e . F u r th e r ,  o th e r  la v a s  i n  th e  p re s e n t 

a r e a  have o l ig o c la s e  p h e n o c ry s ts  m antled  by untw inned a l k a l i  f e ld s p a r ,  

in d ic a t in g  a g a in  t h a t  th e y  have a  t r a n s i t i o n a l  c h e m is try .

In  hand specim en, th e  m u g e a rite s  and p la g io c la s e  t r a c h y te s  a re  d i s 

t i n c t i v e  in  t h a t  th e y  a re  a lm ost a p h y r ic , in v a r i a b ly  f in e  g ra in e d , and non- 

f i s s i l e .  They a re  u s u a l ly  b u f f  o r p u r p l i s h ,  and a re  som etim es c h a ra c te r iz e d  

by abundant sm ooth -w alled  v e s i c l e s ,  drawn ou t in  th e  d i r e c t io n  o f  flow , and 

u s u a l ly  devoid  o f  secondary  i n f i l l i n g .
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(a )  The K ap ch erera t F orm ation

One m u g e a ritic  la v a ,  5 /4 4 0 , o ccu rs  i n  t h i s  fo rm a tio n . T able 8 , Four 

o th e r  specim ens, v a ry in g  in  hand specim en from a p h y ric  and s t r u c t u r e l e s s  to  

s t r o n g ly  f i s s i l e ,  a r e  p la g io c la s e  t r a c h y te s ,  ju d g in g  by th e  groundmass 

f e ld s p a r .

Specimen 5 /4 4 0  i s  a  tra c h y m u g e a r ite , 2yfo o f  th e  n o rm ative  f e ld s p a r  o f 

which i s  o r th o c la s e .  The groundm ass f e ld s p a r ,  how ever, c o n s is t s  a lm ost 

s o le ly  o f o l ig o c la s e  l a t h s ,  w ith  v e ry  l i t t l e  i n t e r s t i t i a l  o r rim  over

grow th m a te r ia l .  The groundmass f e ld s p a r  h a s  2V(+) c .6 0 ° ,  and i s  p ro b ab ly  

p o ta s h - o l ig o c la s e •

(b ) The Chepkowagh g

T his  i s  a  s in g le  la v a  flow  and dyke, from th e  l a t t e r  o f  which 5/ 3^0 

was ta k e n , see  p ,1 5 0 . The dyke and la v a  a re  i d e n t i c a l  in  hand specimen»

(c )  The T ir io k o  B a s a l ts

The le u c o c r a t ic  u n i t  o f  t h i s  fo rm a tio n  c o n s i s t s  o f  a  h a w a ii te  (5 /2 7 5 ) 

and a t  l e a s t  two flow s o f p la g io c la s e - t r a c h y te .  Specimen 5 /275  shows two 

p h e n o c ry s ts  i n  t h in  s e c t io n ,  which have a l b i t e  tw in n in g  and la rg e  2 V (-) .

The groundm ass f e ld s p a r s  a l s o  show a l b i t e  tw in n in g , bu t th e  com position  i s  

d i f f i c u l t  to  d e te rm in e . I t  i s  th o u g h t, from th e  e x t in c t io n  a n g le s ,  to  be 

so d ic  an d e s in o , see  T ab le  9«

(d ) The Ribliwo Complex

Four la v a s  a k in  to  m u g e a rite s  were found i n  th e  main s h ie ld  u n i t .  They 

a re  unknown a t  h ig h e r  l e v e l s .  McClenaghan (p e rs o n a l com m unication) r e p o r t s  

t h a t  such la v a s  o n ly  o ccu r i n  th e  low er p a r t  o f  th e  complex in  h i s  a r e a .

Specimen 5 /8 9  h a s  m ic ro p h en o c ry s ts  o f f e ld s p a r  w ith  a l b i t e  tw inn ing  

and 2V(+) 55°-&5°* Some o f  th e  groundm ass f e ld s p a r  h as  a l b i t e  tw in n in g , 

w ith  e x t in c t io n  a n g le s  l e s s  th a n  1 0 ° , see  T able 10 .

Specimen 5 / l0 4  i s  d i s t i n c t  in  t h a t  i t  c o n ta in s  s p a rs e  m ic ro p h en o cry s ts  

o f  p a le  p u rp le  t i t a n i f e r o u s  a u g i te .  The groundmass f e ld s p a r  i s  c a lc ic
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o l ig o c la s e ,  more p o s i t i v e ly  i d e n t i f i a b l e  th a n  in  5/89* T h is  specim en a ls o  

c o n ta in s  p o s s ib le  fe r ro s ti lp n o m e la n e ,  see  p . 119.

Specimen 9 /286 i s  a m u g earite  o r h a w a ii te ,  bu t th e  groundraass f e ld s p a r  

i s  d i f f i c u l t  to  d e te rm in e  a c c u r a te ly .  The m ic ro p h en o cry s ts  and th e  groundraass 

a n h e d ra l f e ld s p a r  have 2V(-; ) c .6 0 °  and may be K -o lig o c la s e  o r K -an d es in e .

The o th e r  la v a ,  ^/lOS, h as  hand specim en p r o p e r t i e s  s im i la r  to  th e se  

m u g e a rite s , b u t in  t h in  s e c t io n  a l l  th e  l a r g e r  f e ld s p a r s  have 2 V (-) , An 

a n a ly s i s  g iv e s  93o3^i/ S i0 2 , low fo r  a  t r a c h y te ,  bu t n e v e r th e le s s  t h i s  la v a  

i s  c o n s id e re d  to  be an a n o r th o c la s e - t r a c h y te .

(e )  M u g ea ritic  and H a w a iitic  Lavas in  th e  K ach ila  V o lcan ics

In  t h i s  com plex, th e r e  a re  la v a s  which have hand specim en p r o p e r t i e s  

in te rm e d ia te  betw een th o s e  o f  t r a c h y te s  and b a s a l t s .  They a re  g e n e ra l ly  

p u r p l i s h ,  b u f f  o r g re y , s t r u c t u r e l e s s ,  and f r e q u e n t ly  v e s ic u l a r .

In  t h in  s e c t io n ,  th e y  c o n ta in  p h e n o c ry s ts  o f p o ta sh  o l ig o c la s e ,  bu t 

th e  groundraass f e ld s p a r  i s  u s u a l ly  im p o ss ib le  to  d e te rm in e . I t  f r e q u e n t ly  

shows c rude  la m e lla r  tw in n in g , and may be e i t h e r  o l ig o c la s e  o r an o rth o c la se «  

Wet a n a ly s e s  show them to  have 8102 c o n te n ts  o f 9 3 / to  9 7 / by w e ig h t. Only 

o c c a s io n a l ly  can th e s e  la v a s  be p o s i t i v e ly  d e s ig n a te d  a s  m u g e a rite s  o r 

p l a g io c la s e - t r a c h y te s .

Specimen 9 /9 3  from h ig h  in  th e  Morupuran 'b a s a l t '  i s  a m u g e a rite , w ith  

9 0 . 08/  S i02 i n  th e  a n a ly s i s ,  and a  groundmass f e ld s p a r  com position  o f up 

to  An^^, b u t m ain ly  below An^g.

S t r a t ig r a p h ie a l l y  s im i la r  la v a s  a re  9 /96  and 9 /1 3 0 , bu t th e  groundmass 

c o n ta in s  some a l k a l i  f e ld s p a r ,  and th e s e  a r e  p o s s ib ly  p la g io c la s e - t r a c h y te s  

( q .v . ,  p . 128) .

O ther m u g e a rite s  a re  9 /1 7 3 , from th e  K ach ila  V o lcan ic s  on th e  e a s t  o f 

K arianam ani, and 9 /7 1  and 9 /IOO, from th e  complex between P a t iv a t  and 

K a h an av is ian . They a re  d e s c r ib e d  in  T able 1 1 .
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3. Plagioclase-trachytes

This group of lavas has been introduced in section 2 of this chapter, 

p. 29 • They are frequently associated with mugearites and hawaiites and 

are almost certainly related,

(a) Kapchererat Formation

At least four such lavas are present, in which the feldspar phenocrysts 

have 2V(+) 90°-60°, but in which the groundmass feldspar is twinned only 

on the Carlsbad law.

Specimen 9/396, Table 12, contains phenocrysts of brown amphibole,

Plate XXIII, with 2V(-) 69°-70°. The feldspar phenocrysts have 2V(-) 60^-70°, 

In 9 /3 9 0 plagioclase phenocrysts with 2V(+ & -) occur. The majority have 

2V(-) large, but one gives 2V(+) 69° by Tobi's Method. This same specimen 

has olivine phenocrysts replaced marginally by iddingsite, and internally 

by anhedra of serpentine (?). Plagioclase phenocrysts with 2V(+) large 

also occur in 9/393, from the basal trachytic member of the formation, and 

also in 9/394, where they are accompanied by two phenocrysts of biotite or 

brown amphibole undergoing alteration to magnetite.

(b) The Tirioko Basalts

The leucocratic unit contains two flows of plagioclase trachyte lava, 

9 /2 8 0 & 9/2 8 2. The plagioclase phenocrysts are either positive or negative, 

with optic axial angles greater than 90°, Table 13. The groundmass feldspar 

is twinned only on the Carlsbad law and is considered to be sanidine. The 

fine grain of the lavas, though, renders this uncertain. Both lavas contain 

iddingsite pseudomorphs after olivine, and pale green diopsidic augite.

Specimen 9 /2 9 1 , from b en ea th  K afkandal, i s  v e ry  s im i la r ,  a lth o u g h  th e  

m a fic s  a re  a l l  a l t e r e d ,  and o n ly  pseudomorphs a f t e r  o l iv in e  a re  re c o g n iz a b le .

(c ) The Kachila Volcanics

This complex has several lavas which contain plagioclase phenocrysts
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w ith  2V(+) and i n  which th e  groundmass f e ld s p a r  tw in n in g  i s  n o t

s u f f i c i e n t l y  d i s t i n c t  f o r  p la g io c la s e  to  be i d e n t i f i e d  w ith  c e r t a i n t y .  T h is  

i s  t r u e  o f specim ens ^ /4 9 , 9 /9 2 , 9 /9 ^ , 9 /9 7  and 9 /1 3 0 . Of th e s e ,  9/4-9 

c o n ta in s  f a i r l y  abundant id d in g s i te  pseudomorphs a f t e r  o l iv in e  in  a  non- 

t a x i t i c  a l t e r e d  groundm ass, Specim ens 9 /9 2 , 9 /96  and 9 /9 7  c o n ta in  sp a rse  

p o ta s h -o l ig o c la s e  p h e n o c ry s ts  w ith  2V(+) c .6 0 ° ,  and p a le  g re y is h  a u g i te  

p h e n o c ry s ts  in  a  t a x i t i c  groundm ass, see  T able l 4 .  Specimen 9 /1 3 0  i s  

a l t e r e d ,  and th e  groundmass i s  charged  w ith  b la c k  fe r ru g in o u s  m a te r ia l .

In  specim ens 9 /7 9  and 9 /1 ^ 9 j T ab le l 4 ,  th e  groundmass f e ld s p a r  i s  

r e c o g n iz a b le  a l k a l i  f e ld s p a r ,  a lth o u g h  th e  p h e n o c ry s ts  a re  o f  co u rse  p la g io 

c la s e ,  2V(+) c , 60° .  In  9 /7 9 j th e  p la g io c la s e  p h e n o c ry s ts  a re  ex trem ely  

re s o rb e d  and u n s ta b le .  The groundm ass i s  a  s u b - t a x i t i c  f e l t  o f th i n  

s a n id in e  l a t h s  r i c h  i n  m inute w isps and th i n  sh re d s  o f re d d is h  m a te r ia l ,  

w ith  s c a t t e r e d  e u h e d ra l g ra n u le s  o f m a g n e tite .

4 .  T ra c h y te s  and P h o n o li te s

These la v a s  a re  th e  most extrem e d i f f e r e n t i a t e s  in  th e  p re s e n t  a r e a .  

They occu r a b u n d a n tly , and p o sse ss  d i s t i n c t i v e  hand specim en p r o p e r t i e s .

The b a s is  o f  t h e i r  c l a s s i f i c a t i o n  i s  th e  amount o f modal f e ld s p a th o id ,  

F ig .  71 .

P h o n o lite

T ra c h y p h o n o lite  10  % Modal F e ld s p a th o id

P h o n o l i t ic  t r a c h y te  
-  -T ra c h y te  - - - - -  0

Q u artz  t r a c h y te  9

A lk a l i  r h y o l i t e s

% Modal Qu

F ig ,  7 1 , C l a s s i f i c a t i o n  o f  T rac h y te s  & P h o n o lite s
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No a l k a l i  r h y o l i t e s  occur in  th e  p re s e n t a r e a .  Those t r a c h y te s  con

ta in in g  betw een 10^ modal q u a r tz  and 10- 19% modal n e p h e lin e  a re  u s u a l ly  

t a x i t i c ,  and th e  p re sen ce  o f q u a r tz  o r n e p h e lin e  can on ly  be confirm ed  in  

t h in  s e c t io n .  There i s  o f te n  a  w e ll marked p la n a r  s t r u c tu r e  which some

tim e s  g iv e s  r i s e  to  a  f i s s i l i t y ,  e s p e c ia l ly  i n  t r a c h y te s ,  seen  in  th i n  

s e c t io n  to  be due to  th e  p a r a l l e l  arrangem ent o f th e  groundmass sa n id in e  

p l a t e l e t s ,  which a re  f l a t t e n e d  p a r a l l e l  to  (O lO ), T h is  f a b r ic  i s  commonly 

re g a rd e d  a s  being  in d u ced  d u rin g  flow , but th e  c -a x e s  o f in d iv id u a l  c r y s t a l s  

a re  n o t p r e f e r e n t i a l l y  a l ig n e d  w ith in  th e  p lan e  o f f i s s i l i t y .  S im i la r ly ,  

th e  (OlO) p la n e s  o f  f e ld s p a r  p h e n o c ry s ts  a re  c o p la n a r  bu t th e  c -a x e s  a re  no t 

p a r a l l e l ,  and i t  i s  p o s s ib le  t h a t  th e  f i s s i l i t y  was produced a f t e r  movement 

had c ea se d , b u t w h ile  th e  flow  was s t i l l  l i q u id ,  by f l a t t e n i n g  under th e  

s t r e s s e s  o f lo a d  com paction . T h is  f i s s i l i t y  i s  no t p re s e n t  in  a l l  c a s e s .  

O ccas io n a l flow s may app ea r s t r u c t u r e l e s s  in  hand specim en, bu t may show 

t a x i t i c  te x tu r e  in  th i n  s e c t io n .

The p h o n o li te s  on th e  o th e r  hand, though  f r e q u e n t ly  flow  banded, a re  

r a r e l y  f i s s i l e .  They a re  alm ost alw ays f i n e r  g ra in e d  th a n  t r a c h y te s ,  a re  

commonly b la c k  when f r e s h ,  w ea th e rin g  to  a  w h ite  c o r te x ,  and have a  f l i n t y  

t e x tu r e ,  w ith  a  smooth f r a c t u r e .  The flow  banding i s  u s u a l ly  more e v id e n t in  

w eathe red  specim ens, o f te n  showing fo ld s  produced d u rin g  flow .

These f l i n t y  p h o n o li te s  a re  p re s e n t on ly  i n  th e  Tugen H i l l s  Group, bu t 

f i s s i l e  t r a c h y te s  o ccu r from th e  base  o f  th e  K ap ch ere ra t Form ation  to  th e  

to p  o f  th e  Kiddeh Group in  th e  p re s e n t  a r e a ,  and a re  p re s e n t  in  o th e r  a re a s  

i n  th e  P le is to c e n e  to  R ecent c e n t r a l  v o lc an o es  o f th e  a x i a l  r i f t  zone. They 

re a c h  t h e i r  g r e a t e s t  developm ent i n  th e  t r a c h y t i c  com plexes o f th e  Kiddeh 

G roup.

(a )  K ap ch ere ra t F o rm ation

At th e  base  o f  t h i s  fo rm a tio n  i s  a  f i s s i l e  t r a c h y te .  A specim en from 

i t  (9/ 3 9 3 ) in  th e  Kapunyan R iv e r  i s  a  t r a c h y te  w ith  p la g io c la s e  p h e n o c ry s ts . 

Specimen 9 /3 8 0 , from 1?8498, i s  an a p h y ric  la v a ,  bu t th e  f e ld s p a r s  a re
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co m p le te ly  o b l i t e r a t e d  by m inute f i b r e s  o f a  le n g th  slow  secondary  m in e ra l 

t h a t  i s  b i r é f r i n g e n t  up to  1 s t  o rd e r  y e llo w . The m afics  a re  a l t e r e d  to  

i n t e r s t i t i a l  mossy b la c k  m a te r ia l ,  d u l l  re d  in  r e f l e c t e d  l i g h t .  Q uartz  i s  

p re s e n t  a s  s in g le  an hed ra  up to  0 .2  mm. a c r o s s .  They a re  n o t o b v io u s ly  

p rim ary  in  t h a t  th e  t a x i t i c  te x tu r e  i s  no t d iv e r te d  around them , bu t th e y  do 

no t f i l l  obv ious v e s ic l e s  e i t h e r ,

( b ) Tugen H i l l s  Group

As m entioned above, t h i s  i s  th e  on ly  s t r a t i g r a p h ie  u n i t  i n  which f l i n t y  

p h o n o li te s  o c c u r . They occu r in  c o n ju n c tio n  w ith  f i s s i l e  t r a c h y te s  which 

ran g e  from n e p h e lin e  to  q u a r tz  b e a r in g . I t  i s  proposed  to  d e a l w ith  th e se  

ro c k s  in  o rd e r  o f d e c re a s in g  s i l i c a  s a tu r a t io n .

( i )  Q uartz  t r a c h y te s . Only two exposu res  o f q u a r tz - t r a c h y te  la v a  were 

found . Specimen 9 /3 0 1 , from th e  Kewarr H o rs t , i s  a c o a rse  g ra in e d  a p h y ric  

t r a c h y te ,  in  which q u a r tz  o ccu rs  a s  anhed ra  occupying c a v i t i e s  in  th e  ground

m ass, e i th e r  p a r t l y  o r c o m p le te ly . When on ly  p a r t l y  so , th e y  a re  o f te n  

te rm in a te d  by s t r a i g h t  edges, a long  which th e r e  i s  a  c o n c e n tra t io n  o f  f in e l y  

d iv id e d  tu r b id  m a tte r ,  and i t  i s  th o u g h t t h a t  th e  q u a r tz  grew in to  th e  c a v i ty ,  

and i s  th e r e f o r e  seco n d a ry . I t  form s l e s s  th a n  9% o f  th e  ro c k .

Specimen 9 /4 2 3 , from S in g e le l ,  h as  betw een 9% and 10% o f q u a r tz  occupying 

c a v i t i e s  in  th e  groundm ass. I t  s ta n d s  s h a rp ly  in  c o n t r a s t  to  th e  tu r b id ,  

a l t e r i n g  f e ld s p a r s .  I t  alw ays co m p le te ly  o ccu p ies  i t s  c a v i t i e s ,  e n c lo se s  

f e ld s p a r  s u b - o p h i t i c a l l y ,  and i s  in f e r r e d  to  be a  l a t e  s ta g e  p rim ary  m in e ra l,

( i i )  T ra c h y te s  w ith o u t q u a r tz  o r  v i s i b l e  n e p h e lin e  o c c u r . I f  th e  q u a r tz  

in  specim en 9 /301  i s  seco n d ary , t h i s  would be an exam ple, T ab le 19 . O thers  

o ccu r s p o r a d ic a l ly  i n  th e  S ig a tg a t  H i l l  Complex, 232421, on K iptugun, 2949, 

and a s s o c ia te d  w ith  th e  Chepachaghom c e n t r e ,  2094?8 and 214496. A northo- 

c la s e  p h e n o c ry s ts  a re  o f te n  p re s e n t  (9 /4 0 1 , 209478) and p h y ric  b i o t i t e  

l a t h s  occur in  9 /4 o 8 , 232421. O ther t r a c h y t i c  ro c k s , p a r t i c u l a r l y  dykes, 

have been reco rd ed  from th e  L elg rong  T u ffs , bu t th e y  a re  u s u a l ly  to o  a l t e r e d  

f o r  a com plete  d e te rm in a tio n  to  be made. Even in  th e  above fo u r  m entioned
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specim ens, th e  m afics  a re  a l t e r e d  to  a re d d is h  secondary  p ro d u c t, and on ly  

in  5 /444  from 2549 does a  l i t t l e  a e g i r in e  rem ain  u n a l te r e d ,

( i i i )  P h o n o li t ic  t r a c h y te s  and t r a c h y p h o n o li te s  occur ab u n d an tly  

th ro u g h o u t th e  Group, They may c o n ta in  b e t^oen  QP/o and 15% o f  modal 

f e ld s p a th o id ,  see  F ig ,  71  , bu t in  p r a c t ic e  u s u a l ly  c o n ta in  betw een 2% and 

1C%, P e rc e n ta g e s  below r e f e r  to  a c tu a l  p o in t co u n ts  done on numbered 

spec im ens. In  hand specim en, th e y  a re  commonly dark  g rey  to  b la c k  and have 

a  s u b - f l in t y  to  rough f r a c t u r e .  F i s s i l i t y  i n  g e n e ra l i s  a b s e n t ,  even in  

th o se  la v a s  which a re  c o a rs e r  g ra in e d  th a n  th e  a v e ra g e . Specim ens 5 /h40  

and 5 / l 4 l  a re  ty p ic a l*

In  th i n  s e c t io n ,  th e s e  ro c k s  a re  commonly a l t e r e d .  The f e ld s p a th o id  

i s  in v a r i a b ly  re p la c e d  to  some e x te n t by a  brow nish tu r b id  a g g re g a te  o f 

z e o l i t e  ( ? ) ,  i  an a lc im e , and i t  i s  n o t alw ays c e r t a in  w hether th e  o r ig i n a l  

f e ld s p a th o id  was n e p h e lin e  o r  s o d a l i t e .  They f r e q u e n t ly  show hexagonal 

o u t l in e s ,  and a re  o f te n  su rrounded  by f r in g e s  o f a e g i r in e .  Specimen 5 / l4 0  

i s  t y p i c a l  o f  th e  f l i n t y  v a r i e t i e s .  I t  c o n ta in s  sc a rc e  s a n id in e  p h e n o c ry s ts  

up to  5  Eiim. lo n g , abundant m ic ro p h en o cry s ts  o f  f r e s h  s o d a l i t e  a s  hexagonal 

s e c t io n s ,  and f r e s h  n e p h e lin e  a s  fo u r - s id e d  and s ix - s id e d  s e c t io n s ,  th e  

f e ld s p a th o id s  b e in g  su rro u n d ed  by th in  f r in g e s  o f  c o s s y r i t e .  Specimen 5 /1 ^ G 

c o n ta in s  5 * ^  modal f e ld s p a th o id .  The groundmass i s  a  s u b - t a x i t i c  p le x u s  o f 

s a n id in e  l a t h s ,  w ith  mossy a g g re g a te s  o f a e g i r in e  and c o s s y r i te  anh ed ra , 

see  T able I 5 .

Specimen 5/ 2 2 6 , T ab le  15 , i s  v e ry  s im i la r  i n  hand specim en, nam ely b la c k , 

f in e  g ra in e d  and w ith  a  s u b - f l i n t y  f r a c t u r e .  In  th i n  s e c t io n ,  how ever, th e  

f e ld s p a th o id s  a re  seen  to  be a l t e r e d  to  a  brow nish p a r t l y  f ib ro u s  m a te r ia l .  

Many o f  th e  s e c t io n s  a re  r e c ta n g u la r ,  in d ic a t in g  th e  form er p resen ce  o f 

n e p h e l in e . S ix - s id e d  s e c t io n s  m ight be n e p h e lin e  o r  s o d a l i t e .  A modal 

coun t o f  9*7% fe ld s p a th o id  was re c o rd e d . S p arse  p a le  g reen  p h e n o c ry s ts  o f 

d io p s id ic  a u g i te  w ith  t h i n  d a rk e r  g reen  rim s o c c u r . In  th e se  c a se s  m entioned , 

th e  groundm ass t e x tu r e  i s  s u b - t a x i t i c ,  w ith  a  tendency  f o r  some s a n id in e  l a t h s
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to  be a c ro s s  th e  g e n e ra l t e x t u r a l  g r a in .

In  specim en 5 /2 2 8 , T able 15, th e  groundmass m afics  occu r in  w idely  

spaced  mossy a g g re g a te s , le a v in g  a re a s  composed a lm ost w holly  o f s a n id in e , 

P la te  XXIV. The l a t t e r  occur a s  l a t h s  grouped to g e th e r  in  sh eav es , and 

lam inae  o f such sheaves a re  s e p a ra te d  by th in  " sh e a r  ban d s" , formed when 

c r y s t a l l i s a t i o n  was n e a r ly  com ple te . The fe ld s p a th o id s  a re  commonly f r in g e d  

by a e g i r in e  and k a ta p h o r i te .  L arge i r r e g u l a r  v e s i c l e s  o ccu r in  which a n a l c i t e  

c r y s t a l l i s e d .  The e a r l i e s t  s ta g e s  were co m p le te ly  i s o t r o p i c ,  bu t th e  l a s t  

20% o r so i s  b i r é f r i n g e n t  up to  low 1 s t  o rd e r  g re y , w ith  2V(+) up to  70°.

The f i s s i l e  and n o n - f l i n ty  tra c h y p h o n o li te s  a re  r e s t r i c t e d  alm ost 

w holly  to  th e  C heptuim et Trachyte*. Specim ens in  t h i s  fo rm a tio n  c o n ta in  

betw een 4,5% and 6.0% o f modal f e ld s p a th o id .  In  f r e s h  specim ens, s o d a l i t e  

h as  no t been re c o rd e d , and i t  i s  th u s  p o s s ib le  t h a t  a l l  th e  pseudomorphs 

a f t e r  f e ld s p a th o id  were o r ig i n a l l y  n e p h e l in e . Specim ens 5 /324  and 5 /326  

from C heptuim et and C h e s ito i  r e s p e c t iv e ly  a re  no t t a x i t i c a l l y  te x tu r e d .

The o th e r  specim ens from M olingo t, Kokomaa, o r o th e r  o u tly in g  p a r t s  o f  th e  

fo rm a tio n  have t a x i t i c  te x tu r e  d e term ined  by p a r a l l e l  o r i e n t a t i o n  o f b o th  

groundraass and p h y ric  s a n id in e .  These t a x i t i c  la v a s  te n d  a ls o  to  have a  

s l i g h t l y  low er modal n e p h e lin e  c o n te n t ,  bu t s in c e  on ly  one s l i d e  from 

Cheptuim et was co u n ted , t h i s  may n o t be v a l id .  Two specim ens o f  th e  Chep

tu im e t T rach y te  a re  d e s c r ib e d  in  T able 15 . In  t h i s  fo rm a tio n , th e  sa n id in e  

p h e n o c ry s ts  o f te n  show f in e l y  developed  p o ly s y n th e tic  tw in n in g , but no t th e  

c ro s s -h a tc h e d  app earan ce  o f  a n o r th o c la s e .

( iv )  P h o n o li te s  w ith  over 15% modal f e ld s p a th o id  a re  r e s t r i c t e d  to  

th e  low er p a r t  o f  th e  G roup. They occur in  th e  S idekh P h o n o lite s ,  and th e  

T iriom im  V o lc a n ic s , bu t a re  a b se n t from o th e r  fo rm a tio n s .

One o f th e  e a r l i e s t  c l a s s i f i c a t i o n s  o f  p h o n o li te s  was t h a t  o f P r io r  

( 19 0 3 , p p .228- 2 6 5 , e s p . p p .2 5 5 -2 4 l) ,  who c l a s s i f i e d  them a s  fo llo w s :

C heptuim et T rach y te  i s  synonymoB w ith  Cheptuim et T ra c h y p h o n o lite .
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LOSUGUTA TYPE _

(a )
With la rg e
n e p h e lin e
p h e n o c ry s ts ,
seldom
fr in g e d
by a e g i r in e

(b )
W ith sm a ll 
n e p h e lin e  
p h e n o c ry s ts , 
o f te n  a l t e r e d  
to  i s o t r o p i c  
m a te r ia l  
re sem b lin g  
s o d a l i t e

(c )  
N epheline  
c o n fin e d  to  
groundm ass

KAMASIA TYPE

S an id in e  l a t h s  in  groundmass g iv e  
th e  la v a  some deg ree  o f  t a x i t i c  
t e x tu r e .  C o s s y r i te ,  k a ta p h o r i te  
and a e g i r in e  s c a t t e r e d  u n ifo rm ly  
th ro u g h o u t th e  ro c k .

No t a x i t i c  t e x tu r e ,  and th e  ground
mass m afics  a re  v e ry  uneven ly  d i s t r i 
b u te d , o c c u r r in g  a s  la rg e  mossy 
p a tc h e s ,  w ith  in te rv e n in g  m afic f r e e  
sp a c e s .

INTERMEDIATE TYPE -  In te rm e d ia te  in  c h a ra c te r  to  
th e  above tw o.

"4 th "  TYPE -  C h a ra c te r iz e d  by th e  p re sen ce  o f
sphene and th e  absence o f a l k a l i  
am phibo les.

KENYA TYPE -  The n e p h e lin e  p h e n o c ry s ts  a re  f r in g e d
w ith  a e g i r in e .  The f e ld s p a r  pheno
c r y s t s  a re  o f te n  a n o r th o c la s e ,  and 
th e  groundmass h as  good t a x i t i c  
t e x t u r e .

NO TRIVIAL NAÎ-iE -  N epheline o ccu rs  i n t e r s t i t i a l  to  
groundm ass f e ld s p a r  l a t h s .  The 
m afic s  a re  a l k a l i  am phiboles and 
a e g i r in e .

Only ty p e s  (a )  and (b ) occu r i n  th e  p re s e n t  a r e a .

A ccording to  P r i o r ’ s scheme th e n , th e  tr a c h y p h o n o li te s  examined 

so f a r  a re  a k in  to  th e  Kenya Type. I t  w i l l  be seen  th a t  th e  f e ld s -  

p a th o id a l  la v a s  i n  th e  Ribkwo Complex a r e  even more s im i la r  to  th e  

Kenya Type.

The p h o n o li te s  (se n su  s t r i c t o )  in  th e  p re s e n t  a re a  belong  to  

P r i o r ’ s L osuguta and In te rm e d ia te  ty p e .  A nalyses o f  two o f th e s e  

specim ens, 5 /437  and 5 /4 4 5 , g iv e  17.64% and 2 1 , 56% norm ative  

n e p h e lin e  r e s p e c t iv e l y .  T h is  i s  d e term ined  p a r t l y  by th e  c o n te n t o f 

n e p h e lin e  p h e n o c ry s ts , and p a r t l y  by th e  groundmass f e ld s p a th o id .  

A nalcim e i s  p re s e n t  i n  th e  groundm ass o f  even v e ry  f r e s h  p h o n o li te s ,  

and i s  c o n s id e re d  to  be p rim ary . N epheline h as  no t been p o s i t i v e ly  

i d e n t i f i e d ,  a s  th e  groundm ass i s  u s u a l ly  v e ry  f in e  g ra in e d .
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Specimen 5 /437  i s  an example o f th e  L osuguta ty p e , P la te  XXV,

The p h e n o c ry s ts  a re  d e sc r ib e d  in  T ab le 15. The groundmass i s  f in e  

g ra in e d , w ith  s a n id in e  l a t h s  (m ic r o l i th s  o f  P r io r ,  o p . c i t . ) ,  a e g i r in e  

anhed ra  and c o s s y r i te  more o r l e s s  even ly  d i s t r i b u te d  th ro u g h o u t a  

m e so s ta s is  composed o f  analc im e and brow nish tu r b id  m a te r ia l .  P o r tio n s  

o f th e  ro ck  a re  banded due to  th e  p a r a l l e l  a lig n m en t o f  m afic f r e e  

seams and d e n t ic le s  composed o f  analc im e w ith  an o c c a s io n a l c e n t r a l  

zone o f c a l c i t e .  These seams c o n ta in  f e ld s p a r  r a i c r o l i t e s ,  and th e  

analc im e g ra in s  which te rm in a te  in  c a l c i t e  a re  o f te n  bounded by 

e u h e d ra l c r y s t a l  f a c e s .  Throughout th e  r e s t  o f  th e  groundraass, a n a l

cime o ccu rs  a s  d isc o n n e c te d  i n t e r s t i t i a l  p o o ls  w ith  ra m ify in g , d i f f u s e  

m arg in s . The flow  banding i s  th o u g h t to  have been induced  d u rin g  th e  

l a t e r  s ta g e s  o f f lo w . The analc im e i s  p ro b ab ly  p rim ary , and so m ight 

be th e  c a l c i t e .

Specimen 5 /445  i s  s im i la r ,  excep t t h a t  th e  groundmass m afics  te n d  

to  occu r i n  clumps o r mossy p a tc h e s .  T h is  i s  more n o t ic e a b le  w ith  

c o s r y r i t e ,  w hereas a e g i r in e  may a ls o  occur, a s  d is p e rs e d  g ra n u le s .

T h is  h a b i t  o f  th e  m afic s  p la c e s  th e  ro ck  in  th e  In te rm e d ia te  Type.

These s u b -c la s s e s  o f P r i o r ’ s ,  how ever, a r e  t r a n s i t i o n a l ,  and 

o th e r  p h o n o li te s  i n  th e  p re s e n t  a re a  may be a s s ig n e d  to  th e  Kamasia 

Type. I t  i s  th o u g h t, how ever, t h a t  th e  groundm ass m afics  a re  n o t 

s e g re g a te d  enough to  j u s t i f y  t h i s .

The two specim ens s e le c te d  above a r e  th e  f r e s h e s t  a v a i la b le ,  in  

w hich th e  groundm ass f e a tu r e s  a re  c l e a r ly  d i s c e r n ib le .  In  a l l  th o se  

exam ined, th o u g h , th e  p h en o c ry s t c o n te n t r a r e l y  exceeds 5%. P h y ric  

b i o t i t e  i s  o c c a s io n a l ly  p r e s e n t ,  e .g .  i n  5 /299  and 5 /4 0 9 . In  th e  

l a t t e r ,  th e  p le o c h ro ic  scheme i s  from dark  re d d is h  brown to  n e a r ly  

c o lo u r le s s ,  and th e  s in g le  l a t h  p re s e n t  i s  su rrounded  by a  th ic k  

c o n c e n tr a t io n  o f  m a g n e tite  g ra n u le s .
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In  o th e r  specim ens, a l t e r a t i o n  h as  o c c u rre d , so t h a t  th e  nephe

l i n e  (and  u l t im a te ly  th e  s a n id in e )  p h e n o c ry s ts  a re  r e p la c e d  by f ib ro u s  

n a t r o l i t e .  The groundm ass m afics  b reak  down to  a  l im o n i t ic  a g g re g a te , 

and s p h e r u l i t i c  r e c r y s t a l l i s a t i o n  in  th e  groundmass m e so s ta s is  ta k e s  

p la c e .  In  hand specim en, th e s e  th o ro u g h ly  a l t e r e d  ro ck s  a re  w h ite  

to  cream c o lo u re d , and may be confused  w ith  a sh  o r t u f f ,  bu t can be 

d is t in g u is h e d  in  th i n  s e c t io n  by th e  u n s h a tte re d  n a tu re  o f th e  pheno

c r y s t s .  C ry s ta l  in c lu s io n s  in  t u f f s  a re  in v a r ia b ly  a n h e d ra l and 

o b v io u s ly  f ra g m e n ta l.

( c ) T ir io k o  B a s a l ts

T ra c h y te s  o ccu r on ly  r a r e l y  in  t h i s  fo rm a tio n , and p h o n o li te s  

o r tr a c h y p h o n o li te s  n o t a t  a l l .  Three t r a c h y te s  occur i n t e r c a l a t e d  

in  th e  ra ic ro p h y ric  u n i t  in  T un tu lyon , from th e  h ig h e s t  o f which 

specim en 5 /152  (T ab le  l 6 ) was ta k e n . The f e ld s p a r  p h e n o c ry s ts  have 

w e ll developed  p o ly s y n th e tic  tw in  la m e lla e ,  p r in c ip a l ly  p a r a l l e l  to  

th e  c a x is  i n  tw inned  c r y s t a l s .  A c e n tre d  f ig u r e  gave 2V (-) 48° by 

T o b i’ s method, and a lth o u g h  c ro s s -h a tc h e d  tw in n in g  i s  n o t developed , 

th e  p h e n o c ry s ts  a re  c o n s id e re d  to  be a n o r th o c la s e .  The groundmass i s  

n o ta b le  fo r  th e  absence  o f py roxene.

(d ) The Kiddeh Group

I n  t h i s  i s  th e  g r e a t e s t  developm ent o f t r a c h y te s  in  th e  a r e a .  

F e ld s p a th o id a l  la v a s  a re  a lm ost e n t i r e l y  r e s t r i c t e d  to  th e  Ribkwo 

Complex, w hereas q u a r tz  t r a c h y te s  occur in  o th e r  com plexes. Flow 

band ing  i s  f r e q u e n t ly  p r e s e n t ,  o f te n  le n d in g  th e  la v a s  a  marked 

f i s s i l i t y .  Even in  n o n - f i s s i l e  la v a s ,  th e  groundraass f e ld s p a r s  a re  

t a x i t i c a l l y  a rra n g e d  to  some d e g re e .

( i )  The K afkandal Complex & Mugor T ra c h y te s  a re  v a r ia b le  in  

m in e ra lo g y . They commonly have s a n id in e  p h e n o c ry s ts  which have crude



I
CO

.̂1§M01M
EHi
RI
Bi
'a

©I

to

•s

Ü
oG©
g

T
G 1

M ©
G 0 P 1—1 !
G (—1 G rH G O

G
O.

f t G •H G G •ri ©
G G •ri © o 5-1 A
O © © P f t H © rH
o G E •ri rH 1—1 P •ri rH
© •H O P O © G P ©

-.0 ro 0 bO E 0 p:

©
© P

G f t •ri
© p P

f t p a'
•ri G

O 1—1 uO
G
E

© P 0
f t •rl 1, G ©
O G f t •ri

f t 1— O © -P
•rl 1 © rL:| (!) •ri
.c; G •rl 1tf-i H-3 rH -P
PH (1) -P G G •r] © G
E P •ri •P © G G G

•< G P G O O'*
f t 0 f t o3 0 © cr*

©G©
XOG

G © 1 ©
A G ÎLh 0
0 •ri O m

f t ft § ft 0ft ■ri ü ft
© G o p

A G G ft G
CO O p ft

Ü
G
G

-P
X
©

G
©ft

O

©
G
©

g

I ft
-8 -g
rH ft
© -P

%

Ift
H
©
ft

(H ft 
O ü

o
M

(H

°  ft© U

(2;

rHft o3 G 
ü  • ü
o  o  orx îoi K-1

ü
•H
P

g
Eh

I ©
« H  p
G *tHI bû ^  P  0 G

s s i - a "
s  0  © G G 

•H I 0  O © 
f t  CO A  S  P <

Ü
■H _
p  ft
•H ©

• ft ©
s

rH HgIO
5
G
O G fA  *H G 
G rH 3  G O< O EH A P

rH rH

I
ü  ©

I s

i IVO

•ri
O G

A
«; * 0
Ph p ft O
G t H A  f t
bO G O ©

%  G A A

‘

©
ft

1 P
ft P P
0  • •ri to 0

I 0  • rH P G 0
O © G © A

O  P < G P
• t H G G Oft G CM cG •ri P

© 1 1 ftCO P  G O P G
H •ri G 1 P © 0 •ri 0 G
EH k  G

O X rn rp  0 3 G •ri
f t 0 © o<J © G O P
ill to © 0.1 P 0 rH O
O 0  A: ü LA <1-1 - E G G

o  ü © > © © G © 0 El •rl
m o  rq -P A *4-̂ © •--il p •ri O p
E-H •ri G •rl 0 Ph • •ri G X

f t  (\j G G G A H  G A  G ©

ex © ©
o G G
CD 0 •H •ri
g

R

1—1 Tl G G
f t  f t  
G G 
© E; 

f t  0

©

1
A
O

•d)
©
G

•ri

<
O Xi ■ A • m.0 •G © Tj b

© f t © h0o3 P  G ©
G

P
X G < 0 © G G G G G
3 •ri • G G 0 ü ©

•8
•ri G G

A TD 0 © LO G •ri •ri 0 •O 'd np
A •ri f t P h bO •ri G G f t © •ri © © G

G P 0 G G N O P f t G f t G G
O G G •ri G O G G

G
G G O f t

Ü CO rH XS o3 bO E tZD r-l 0 < E G
ü ü

A •H •rl
< -P
3 Æ X

G G o  G
B

OO P A  P
©

f t 0 © 1 G
O A

•ri f t g
'd
G

•ri
P %

A ! 3 ü iH G •ri G G G ©
B 1 x i  o Hr-s. 1 G Xi © G •ri ü

© 1—1 t G © Xi © A  © î> G
A  f t o G f t P G P •ri G

• © > •ri •ri •ri © A fH ü

1

f t  f t  A E E AI 0 0  G O 0

G
A © ü

© tH 
G T5 êCO faO •iH ©

A 0 P 1
f t © A •ri lA

f t  O hO
K G 'r i G O
O A  'G G
<
M
f t

I O
©
G S

O I •ri e
D- r0  © 0 G 1
f t

© " â
©
G :p

fVl
© 0  © •ri •ri © o

A ,  G ft 3 Gr©
G

A  ©f t O f t
© 0 © x i P O H
G • © G • © G 0 O

^  1 G
©

P ^  i
f t
G g

G
•ri

tJ©
•ri ft A •ri •ri O c f bO > f t © f t

g
ü O bO G Al 0 © G © P G A
G •ri G G © G G •ri •ri f t  E

CO f t XS G CO A A E 0 3 0  G

T5
>2. * ■ri G

f t / \ A
y \  ©

f t
0 LA P

ü  A A A  A O

1
O ü 1 I
G *H ü © ü  ©
O P G P G P

f t  •ri G f t G f t
A  f t P f t EH ft

O
ON
R 5 g

f t
IA

LA hA ' LA IN



0

5
G
©PI

G ©© 0

G

5
•H

I Xi f t  
© G p
S E

G G O
O G G

h  5G O 
© r~\

pq ü  bO A  >  A

X
G 0  
G I—I 

'Ci G 
G G 
O © 
ü  G  © *H 

CO

iI
<D
Pft

O

I
Ü

i
§
ftI
ft

r3A

i
g

1
ü

3

©

éS

G©ft
p
O

©
-gft
'd

X
o
G

ft"

©
G
G

P
©

A

i
5©
6

O

R
ü

©
A

&

5
© O  
>  m I 

A  p  Nw»
G  ‘H !>  < G (\j

G I© 3 © O

© k  S ft
=  s .'Q.

o  ©
G

G G G 
0  f t  © -H 

•ri G © to  
G G G ©

f t  f t  fcû G

©
G

G

' â©
<

G
G ©
A G
C/î •ri

f t f t
rri •ri
©

f t G

ft G
§ -  O P  

G E  G 
G G 0 ft 0 ft 

f t  © f t  G 
P f t  P  G 
G G G f t  

rri G rri G

©
G

•H
Xj

1CO

3
"g
G©
gbO

ü•ri
P

O g
f t  P

P  y 
o  "ri 
©  P  

A  Tl 
G X© Gft 4->

O
f 1 LA

3 G KN P
G O ü A A * X
© 1—1 •ri G © 3 G ü  ©

f t A E G A O G P
P © © © 

f t  G
G A © 1

O f t A A G ©
© •rl tH © >  ©

t—! G A  E a i <\J 0

©
g

g

I I

I f t  0 tH ft O
rri f t  
© P

f t  G

0
0
G
ü
O
gg

A
•8

ft

'S-g
o

A

©
G

•H

§CO

©
G

•'d
•H

§
CO

(\J

S ' ' '  5
rri f t  O A

<IH

© ü

G A  ft

ft
ü5

0%
"d
ü5

I
ü  ©

l î
rH§ VO

f
VO

I
ü  © 
G p

è .S -

ft*

LA I



137

p o ly s y n th e tic  tw in  la m e lla e ,  b u t n o t c ro s s -h a tc h e d  tw in n in g , and in  

w hich 2V (-) m easured by T o b i’ s method may be a s  h ig h  a s  4 0 ° . Pseudo

morphs o f  p a le  brown g ra n u la r  m a te r ia l  a f t e r  f e ld s p a th o id  a re  v i s i b l e  

in  fo u r  specim ens o n ly , ou t o f n e a r ly  30 exam ined. In  specim en 5 /302  

(T ab le  1 7 ), th e y  occur in  bo th  4 and 6 s id e d  s e c t io n s ,  f r in g e d  by 

a e g i r in e ,  and app ea r to  have o r ig i n a l l y  been n e p h e l in e . In  th e  o th e r  

s l i d e s ,  th e y  might have been e i t h e r  n e p h e lin e  o r s o d a l i t e .  These 

specim ens come e i t h e r  from th e  Mugor T rac h y te s  (5 /3 0 2 , 323, 325) or 

low in  th e  Ngapawoi u n i t ,  5 /2 5 0 .

O ther p h y ric  m in e ra ls  a r e :  D io p s id ic  a u g i t e , p a le  g reen  in  c o lo u r , 

e x t in g u is h in g  up to  4 3 ° , som etim es rimmed w ith  d a rk e r  g reen  a e g i r in e ,  

in  c o n t in u i ty  w ith  th e  body o f  th e  p h e n o c ry s t. T h is  h as  been observed  

in  two s l i d e s  on ly  (5 /3 0 2  and 5/ 2 5 0 ) ,  bo th  o f  which a re  fe ld s p a th o id -  

p h y r ic .  P o s s ib le  Faya l i t e  o ccu rs  a s  sm a ll stumpy p rism s c .0 ,2  mm. 

in  le n g th ,  v /ith  py ram id a l te rm in a t io n s ,  s t r a i g h t  e x t in c t io n ,  and th e  

s low er ra y  p a r a l l e l  to  th e  c le a v a g e . P leoch ro isra  weak o r a b s e n t ,  from 

p a le  y e llo w  to  even p a le r  y e llo w . T h is  may, how ever, be i d e n t i c a l  to  

an u n id e n t i f i e d  mica- l i k e  m in e ra l , acc o rd in g  to  X -ray  s tu d ie s .  In  

th i n  s e c t io n ,  t h i s  m in e ra l i s  commonly zoned from re d d is h  in  th e  co re  

to  p a le  ye llow  a t  th e  m arg in s , o r  i t  may be e n t i r e l y  re d  o r  dark  y e llow  

th ro u g h o u t. I t  i s  p r is m a tic ,  w ith  a  s t r a i g h t  le n g th  slow c leav ag e , 

and s t r a i g h t  e x t in c t io n .  I t  h a s  2V (-) v e ry  low o r n e a r z e ro , and th e  

i n t e r f e r e n c e  f ig u r e  h as  s e v e r a l  c o lo u r  r in g s .  T h is  i s  a  v e ry  common 

m in e ra l in  bo th  th e  K afkandal Complex ( e .g .  5 / l6 6 )  and th e  Kamungechot 

v o lc a n ic s  (5/ 28 7 ) ,  b u t i s  r a r e  in  th e  Ribkwo Complex la v a s .

A no ther, r a th e r  r a r e  p h y ric  m in e ra l i s  a l s o  u n id e n t i f i e d .  I t  i s  

p a le  y e llo w , n o n -p le o c h ro ic , w ith  m oderate r e l i e f  and R . I ,  c . 1 ,6 0 -1 .6 5 , 

I t  o ccu rs  a s  p rism s w ith  sq u are  te rm in a t io n s ,  h a s  no c le a v a g e , s t r a i g h t  

e x t in c t io n ,  and i s  le n g th  s low . I t  h as  low b ir e f r in g e n c e ,  and 2V (-) 

C.35  5 by T o b i’ s m ethod. The in te r f e r e n c e  f ig u r e  h a s  no c o lo u r  r i n g s .
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I t s  body c o lo u r i s  ev en ly  d i s t r i b u t e d ,  and f o r  th e se  re a so n s  i t  i s  

th o u g h t n o t to  be th e  m ic a - l ik e  m in e ra l r e f e r r e d  to  above. I t  o ccu rs  

in  5 /3 0 3  and 5/ 3 1 1 .

Groundmass m in e ra ls  in c lu d e  s a n id in e ,  o c c u rr in g  a s  t h in  l a t h s ,  

and l e s s  i d e n t i f i a b l e  a l k a l i  f e ld s p a r  o c c u rr in g  a s  a n h e d ra l g r a in s  

e i t h e r  s in g ly  o r ag g re g a te d  i n  a  m osaic a rran g em en t, in  which sa n id in e  

l a t h s  a re  s e t .  In  la v a s  w ith  such g ra n u la r  a l k a l i  f e ld s p a r ,  t a x i t i c  

te x tu r e  i s  on ly  p a r t l y  d ev e lo p ed . The common groundm ass m afics  a re  

a e g i r in e ,  c o s s y r i t e ,  and a l k a l i  am phibole, a l l  o f which o ccu r a s  

i n t e r s t i t i a l  anhedra# C o s s y r i te  i s  commonly a g g re g a te d  to  some e x te n t ,  

bu t a e g i r in e  and am phibole a re  u s u a l ly  f a i r l y  ev en ly  d is se m in a te d .

The a l k a l i  am phiboles in c lu d e  a r fv e d s o n ite  (5/219), w ith  deep 

b lu e  p le o c h ro ic  c o lo u rs ;  eck e rm an n ite , w ith  p a le  b lu is h -g re e n  and 

brown c o lo u rs  (5/ 3^2 ) ,  and k a ta p h o r i te ,  w ith  d eeper brown to  g re e n ish  

p leo ch ro ism  (5/ 3 0 5 ) .

Q u artz  i s  p re s e n t  a s  an a c c e sso ry  in  some la v a s ,  a s  a l a t e  s ta g e  

b u t p rim ary  groundm ass m in e ra l .

T e x tu r a l ly ,  th e  la v a s  range  from t a x i t i c  and a p h y ric  (5/300), 

th ro u g h  t a x i t i c  p o r p h y r i t ic  (5/305, 5 /2 4 8 ) , to  s u b ta x i t i c  (5/ 2 5 0 ) and 

even n o n - ta x i t i c  (5 /2 4 3 ) .  In  th e  l a t t e r ,  th e  le u c o c r a t i c  m in e ra ls  in  

th e  groundmass form a  m ic ro g ra n u la r  m e so s ta s is  w ith  i s o t r o p i c  f a b r i c ,  

in  which a re  d is se m in a te d  sh re d s  o f  a e g i r in e ,  c o s s y r i t e  and am phibole.

A s e le c t io n  o f  th e s e  la v a s  i s  l i s t e d  i n  T ab le  17» One la v a  flow  

c o n ta in e d  s t r e a k y  la y e r s  o f  dark  brown g l a s s .  In  t h in  s e c t io n ,  5 /2 5 2 , 

i t  i s  p a le  brown w ith  a  c lo s e  s tr e a k y  appearance  l i k e  d ry  v a rn is h ,  and 

h as  w e ll developed  p e r l i t i c  c ra c k s .  I t  c o n ta in s  c r y s t a l s  o f  s a n id in e , 

s c a rc e  a p a t i t e  n e e d le s ,  and one o r  two sq u are  s e c t io n s  o f  m a g n e tite .

( i i )  The Ribkwo Complex d i f f e r s  from th e  K afkandal Complex in  t h a t  

a  g r e a t e r  p ro p o r tio n  o f  th e  t r a c h y te s  c o n ta in  a l t e r e d  n e p h e lin e  pheno

c r y s t s  and p h y ric  a n o r th o c la s e .  Such la v a s  b e lo n g , o r  a r e  c lo s e ly
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r e l a t e d  to  P r i o r ' s  Kenya ty p e  o f  p h o n o li te .

Of 48 th i n  s e c t io n s  exam ined, 17 (35%) c o n ta in e d  a l t e r e d  o r 

f r e s h  f e ld s p a th o id  p h e n o c ry s ts . The p ro p o r tio n  o f f e ld s p a th o id a l  la v a s  

ap p ea rs  to  in c re a s e  s l i g h t l y  from th e  main s h ie ld  u n i t  to  Kariam angro 

c a ld e r a ,  i . e .  th e  vo lcano  ta k e s  on a  more u n d e rs a tu ra te d  c h a ra c te r  a s  

i t  g e ts  younger. In  s ix  s l i d e s  th e  modal f e ld s p a th o id  was p o in t 

co u n ted , r e s u l t s  ra n g in g  from 2 . 9% to  6 . 9%.

M in e ra lo g ic a lly ,  th e r e  a re  some d if f e r e n c e s  betw een th e s e  t r a c h y te s  

and th o se  o f K afk an d a l. The f i r s t  i s  th e  g r e a te r  abundance o f  a l t e r e d  

f e ld s p a th o id .  In  th e  Ribkwo la v a s ,  t h i s  o ccu rs  a s  f o u r - ,  s ix - s id e d  

and a n h e d ra l s e c t io n s  o f brow nish  g ra n u la r  m a te r ia l  ( 5 /6 ) .  L ess 

commonly (5 /3 7 , P la te  XXV ) ,  th e  f e ld s p a th o id  h as  been r e p la c e d  by a 

s in g le  p la te  o f  p a le  brown, f ib ro u s  lo o k in g  le n g th  slow m a te r ia l ,  w ith  

s t r a i g h t  e x t in c t io n .  T h is  i s  c o n s id e re d  to  be h y d ro n e p h e lite , a 

v a r i e ty  o f  n a t r o l i t e .  L ess f r e q u e n t ly ,  a  c o lo u r le s s  i s o t r o p ic  m in e ra l 

i s  p re s e n t  which i s  p ro b ab ly  s o d a l i t e ,  bu t may be a n a l c i t e  r e p la c in g  

s o d a l i t e  o r  n e p h e l in e . Thin  f r in g e s  o f a e g i r in e ,  c o s s y r i t e  o r a e g i r in e  

and a r fv e d s o n i te  a re  in v a r i a b ly  p r e s e n t .

S an id in e  p h e n o c ry s ts  a r e  common in  a l l  th e  la v a s ,  bu t an o rth o 

c la s e  p h e n o c ry s ts  a ls o  o ccu r e i t h e r  a lo n e  (5/ 1 1 5 ) o r  w ith  sa n id in e  

( 5 /6 ) ,  P la te  XXVII.

P a le  g reen  c lin o p y ro x en e  p h e n o c ry s ts  a re  a ls o  much more common, 

p a r t i c u l a r l y  i n  la v a s  from th e  K ariam angro C a ld e ra . They have th in  

d a rk  g reen  rim s and e x t in g u is h  a t  a n g le s  o f  c .4 5 °  maximum, and a re  

u s u a l ly  r e f e r r e d  to  a s  d io p s id ic  a u g i te .

The r e d  to  y e llo w  m ic a - l ik e  m in e ra l r e f e r r e d  to  on p . 137 i s  

v e ry  r a r e  i n  th e  Ribkwo Complex. I t  was o b serv ed  in  la v a s  from 

L o k i te t  c r a t e r  u n i t  r e p la c in g  d io p s id ic  a u g i te  (5 /1  ) ,  and hav ing  

p r o p e r t i e s  s im i la r  to  th o s e  m entioned  above.

F a y a l i t e  was n o t o b served  in  any o f th e  Ribkwo la v a s .  The
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groundm ass m in e ra ls  a re  s im i la r  to  th o se  o f th e  K afkandal t r a c h y te s .  

S an id in e  l a t h s  a re  alm ost u b iq u i to u s ,  in  a s s o c ia t io n  w ith  i n t e r s t i t i a l  

a n h e d ra l a e g i r in e ,  c o s s y r i t e ,  o r l e s s  commonly a r fv e d s o n ite  and 

k a ta p h o r i te ,

T e x tu ra l ly ,  th e r e  i s  p o s s ib ly  g r e a te r  v a r i a t i o n  th a n  in  K afkandal, 

Tv;o specim ens o f  g la s s y  la v a s  were exam ined. Specimen 5 /3 4 i ,  p a le  

g reen  and a p h a n i t ic  in  hand specim en, i s  f in e  g ra in e d  in  th i n  s e c t io n ,  

and c o n s is t s  o f m inute s a n id in e  l a t h s  in  a tu r b id  g rey  i s o t r o p i c  meso

s t a s i s .  Thin l e n t i c l e s  o f  brow nish  tu r b id  m a te r ia l  a re  c o n s id e re d  

to  be a l t e r e d  g l a s s .  Flow banding  i s  r a th e r  tu rb u le n t  w ith  o c c a s io n a l 

sh a rp  ' f o l d s ' ,  P la te  XXVIII. In  specim en 5 /1 1 6 , th e  flow  banding i s  

a lm ost r u l e r - s t r a i g h t ,  excep t where i t  d iv e rg e s  around v e s i c l e s .  The 

ro ck  c o n s i s t s  o f  sm a ll s a n id in e  l a t h s  i n t e r s t i t i a l  to  w hich a re  sm a ll 

p a tc h e s  o f  brow nish tu r b id  m a te r ia l ,  and o ran g ey -red  u n a l te re d  i s o 

t r o p i c  g l a s s .

Most o f th e  la v a s ,  how ever, a r e  h o lo c r y s t a l l i n e ,  p o r p h y r i t ic  and 

flov  banded.

T ab le  l 8 l i s t s  some d e s c r ip t io n s  o f  Ribkwo Complex t r a c h y te s ,

( i i i )  The Nasaken Complex i s  s im i la r  to  th e  K afkandal and Ribkwo 

Complexes i n  t h a t  i t  c o n ta in s  v e ry  few b a s a l t s ,  h a w a ii te s  o r m u g earite s , 

and a  g r e a t  abundance o f  t r a c h y te s .

The l a t t e r  a re  g e n e ra l ly  s a n id in e  p h y r ic , a n o r th o c la s e  being  

a b se n t e i t h e r  a s  p h e n o c ry s ts  o r in  th e  groundm ass. The s a n id in e  pheno

c r y s t s  a r e  g e n e r a l ly  re s o rb e d  to  some e x te n t ,  bu t f r e q u e n t ly  en c lo se  

p a le  g reen  c lin o p y ro x en e  p h e n o c ry s ts . O ther p h y ric  phases  in  th e se  

t r a c h y te s  in c lu d e  p a le  g reen  c lin o p y ro x en e  (d io p s id ic  a u g i t e ) ,  w ith  

t h i n  dark  g reen  o r  y e llo w -g re e n  b o rd e rs , o c c a s io n a lly  n o t in  o p t i c a l  

c o n t in u i ty  w ith  th e  body o f th e  p h en o cry s t (5/ 191 ) .

The same re d -y e llo w  m in e ra l a s  o ccu rs  i n  th e  K afkandal t r a c h y te s  

a l s o  o ccu rs  in  many o f  th e s e ,  where i t  h a s  th e  same p r o p e r t i e s ,  bu t
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th e  2V (-) may be a s  h ig h  a s  2 5 ° .

In  specim en 5 /2 0 4 , p h e n o c ry s ts  o f a  dark  r e d d is h ,  n o n -p le o c h ro ic  

m in e ra l w ith  no c leav ag e  and v e ry  h ig h  r e l i e f  up to  1 mm. a c ro s s

o c c u r . T h is  may in  f a c t  be th e  same a s  forms th e  co re  o f th e  re d -

y ellow  m in e ra l.  The in te r f e r e n c e  f ig u r e ,  how ever, a p p e a rs  to  have 

2V(+) o f  z e ro ,

A n o ta b le  f e a tu r e  i s  th e  com plete absence o f  f e ld s p a th o id .

In  th e  groundm ass, th e s e  t r a c h y te s  have th e  u su a l m in e ra ls  -  

s a n id in e ,  a e g i r in e ,  c o s s y r i t e ,  a r f v e d s o n i te ,  k a ta p h o r i te  ( in  th a t  

o rd e r  o f  im p o rtan ce ) and g e n e ra l ly  m a g n e tite  a s  sm a ll equan t g ra n u le s  

and sp e c k s .

T e x tu ra l ly ,  th e s e  la v a s  te n d  n o t to  be t a x i t i c .  The groundmass 

f e ld s p a r  in  t h i n  s e c t io n  i s  f r e q u e n t ly  seen  to  be a  s t r u c t u r e l e s s  

mozaic o f  g ra n u la r  an h ed ra , in  which i s  a  v a ry in g  p ro p o r tio n  o f  sm all 

s a n jd in e  l a t h s .  The hand specim ens r e f l e c t  t h i s  p ro p e r ty ,  being  

m ain ly  s t r u c t u r e l e s s ,  excep t f o r  an a lignm en t o f p h e n o c ry s ts  (5/ 1 8 9 ) 

o r  s l i g h t  c o lo u r  banding  (5 /1 9 0 ) .

Some o f  th e s e  la v a s  a r e  d e sc r ib e d  i n  T able 19 . Specim ens5 /1 8 5

and 5 /1 9 1  r e p re s e n t  th e  t e x t u r a l  ex trem es, be ing  n o t ic e a b ly  t a x i t i c ,  

and co m p le te ly  n o n - ta x i t i c  r e s p e c t iv e ly ,

( iv )  The K ach ila  V o lcan ics  d i f f e r  from th e  p re v io u s  fo rm a tio n s  

i n  th e  Kiddeh Group in  t h a t  th e y  c o n ta in  a  h ig h e r  p ro p o r tio n  o f 

b a s a l t s ,  m u g e a rite s , and p la g io c la s e  t r a c h y te s .  Only fo u r  specim ens - 

5/ 2 6 , 5/ 1 0 1 , 5 /1 5 8  and 5 /1 6 4  -  o f p la g io c la s e - f r e e  t r a c h y te s  were 

c o lle c te d *  In  hand specim en, 5 /1 ^ 4  i s  a  g re y is h  n o t ic e a b ly  banded 

la v a .  Specimen 5 /1 5 8  i s  b la c k , f in e  g ra in e d , bu t i t s  t a x i t i c  n a tu re  

i s  d e f in e d  by a  p a r a l l e l  a lig n m en t o f  p h e n o c ry s ts  and a  s t r e a k in e s s  

o f th e  groundm ass. Specimen 5 /1 0 1  i s  an a p h y ric  p u rp le  la v a  w ith  

abundant f l a t t e n e d  v e s i c l e s ,  and 5 /2 6  i s  g re y is h  and s t r u c t u r e l e s s .
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Plate XX: 5/249; Oceanite, Tirioko Basalts; p.p„l., x 10,

*
r ,

Plate XXI: 5/220; Ophitic olivine-basalt, Katirr basalts,
Nasaken Complex; p.p.l., x 25«



4^

Plate XXII: 5/156; Plagioclase-phyric basalt, Kahanavisian
Member; Kanosing Formation; crossed polars, x 20,

■ .vp-v 0-̂

M

m

Plate XXIII: 5/396; Plagioclase-trachyte, Kapchererat
Formation, showing brown amphibole phenocrysts 
with reaction rims of magnetite; p.p.l., x 20.



m

Plate XXIVA: 5/228; Trachyphonolite, Kapkaru Lavas; showing
mafic aggregation, feldspathoid microphenocrysts, 
and analcime in vesicle; p.p.l., x 20.

Plate XXIVB: 5/228; Same, crossed polars, showing isotropic
and anisotropic analcime.



1

Plate XXV: 5/437; Losuguta-type phonolite, Tiriornim Volcanics;
showing flow banding and dissemination of mafics;
PoPolo- X 10,

m
PlaP^ XXVI; 5/37; Trachyphonolite, main shield unit, Ribkwo 

Complex; showing sanidine phenocryst with marginal 
inclusions, and feldspathoid microphenocrysts;
p o p d . , X 2 5 ,



Plate XXVII: 5/6; Trachyphonolite, Lokitet unit, Ribkwo Complex,
showing anorthoclase phenocryst with untwinned 
margin. Crossed polars, x 20.

Plato XXVIII: 5/34(i); Fine grained trachyte, Ribkwo Complex,
showing contorted flow banding; p.p.l., x 10.



&
Plate XXIX: 5/5 8 5 ; Keltin trachyte intrusion; showing plagiocloo-'

phenocryst with untwinned mantle; crossed polars, x 25«

Plate XXX: 5/562; welded tuff, Sidekh Phonolites; showing
pale fiamme, and lithic and crystal inclusions in 
dark mesostasis; p.p.l», x 10.



Plate XXXI: 5/4l4; welded tuff, Lelgrong Tuffs; showing clastic 
texture in mesostasis; p.p.l., % 2 5 .

Plate XXXII: 5/l84; Pumice lapilli-tuff, Kachila Volcanics;
shov/ing pumice with frayed terminations; p.p.l., x 5 0



Plate XXXIV: 5/351; Crystal tuff, Epong unit, Kafkandal
Complex; showing numerous angular fragments of 
sanidine; obliquely crossed polars, x 10.
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T h e ir  t h i n  s e c t io n  p r o p e r t i e s  a re  d e sc r ib e d  in  T able 20 .

Specimen 5 /158 i s  d i s t i n c t i v e  in  t h a t  i t  c o n ta in s  a l t e r a t i o n  

p ro d u c ts  a f t e r  f e ld s p a th o id ,  o th e rw ise  unknown in  th e  K ach ila  V ol- 

c a n ic s .

(v ) The O liyam ur Complex, a s  m entioned in  C hap ter 2 , p .79» may 

o ccu r i n  th e  p re s e n t  a re a  a s  o u t l i e r s  o f t r a c h y te  o v e r ly in g  Nasaken 

age v o lc a n ic s .  Only two specim ens were exam ined, o f  which 5 / l8 3  

i s  a  v e ry  a l t e r e d  n o n - ta x i t i c  t r a c h y te ,  and o f  which 3/ 18O h as  th e  

fo llo w in g  c h a r a c t e r i s t i c s .

I t  i s  g re e n ish  g rey  in  hand specim en, banded, b u t n o t f i s s i l e .

In  th i n  s e c t io n  i t  i s  seen  to  c o n ta in  f a i r l y  abundant s a n id in e  

p h e n o c ry s ts  i n  p a r a l l e l  a lig n m en t, and s p a rs e  g reen  n o n -p le o c h ro ic  

d io p s id ic  a u g i te  p h e n o c ry s ts .

The groundm ass i s  a  g ra n u la r  m e so s ta s is  o f  a l k a l i  f e ld s p a r  

w ith  p o i k i l i t i c  q u a r tz  in  which a r e  abundant sm a ll s a n id in e  l a t h s ,  

a e g i r in e  s h re d s ,  k a ta p h o r i te  an h ed ra , and clumps o f  c o s s y r i t e  anhedra ,

5» I n t r u s iv e  Rocks

These w i l l  be c o n s id e re d  in  approx im ate s t r a t ig r a p h ie  o rd e r .

In  many c a s e s ,  how ever, th e  upper age l i m i t s  o f i n t r u s iv e  b o d ie s  a re  

n o t known,

(a )  A sso c ia te d  w ith  th e  K ap ch erera t Form ation

( i )  West o f th e  Basement Arch, two p lu g s  o f  b a s a l t  o c c u r. In  

n e i th e r  case  a re  th e  c o n ta c ts  exposed, bu t th e y  s ta n d  out a s  sm all 

b u t a b ru p t r e s id u a l s  on th e  K erio  s u r f a c e .  Specimen 5 /349 (sq u a re  

0440) i s  s p a r s e ly  p h y r ic ,  c o n ta in in g  h ig h ly  re so rb e d  p h e n o c ry s ts  o f 

p la g io c la s e ,  m a g n e tite  and o l i v in e .  The m ag n e tite  e n c lo se s  la rg e  

c l e a r  a p a t i t e  eu h ed ra , which a ls o  occur u n re so rb ed  i n  th e  groundm ass. 

The l a t t e r  i s  f in e  g ra in e d , c o n s is t in g  m ain ly  o f  p la g io c la s e  l a t h s



143

i n  a  tu r b id  m e so s ta s is  d en se ly  charged  w ith  m a g n e tite  sp eck s .

Specimen 3 /361  (sq u a re  0343) i s  a u g i te - p h y r ic ,  th e  p h e n o c ry s ts  

be ing  p a le  brown a u g i te  w ith  d a rk e r  m arg ins and o c c a s io n a l m arg in a l 

c o n c e n tra t io n s  o f o re  g ra n u le s .  The groundmass i s  f in e  g ra in e d  and 

in t e r g r a n u la r ,  w ith  abundant o l iv in e  m ic ro p h en o cry s ts  a l t e r i n g  

m a rg in a lly  to  b o w lin g i te ,

( i i )  B a sa lt dykes o ccu r on th e  Basement A rch. T hree o f th e s e ,  

i n  sq u a re s l8 4 4 , 1743 and 1730 a re  a u g i te  p h y ric  in  hand specim en, and 

lo o k  e x a c t ly  l i k e  th e  a u g i te  p h y ric  la v a s  t h a t  occur on Pukaleh and 

o th e r  a d ja c e n t o u t l i e r s .  A dyke a t  173407 i s  ex trem ely  a l t e r e d

b u t ap p ea rs  to  be a p h y r ic .

( i i i )  The K e it in  in t r u s io n s  com prise a  la rg e  ovo id  in t r u s io n  

(1900  f t .  X  1100 f t . , 380  m. X  340  ra.) and two s m a lle r  p lu g s  200 f t .  

(61  m.) a c ro s s  o f  n o n - f i s s i l e  a n o r th o c la s e  t r a c h y te .  They a re  

g e n e r a l ly  s t r u c t u r e l e s s  b u t th e  two s m a lle r  in t r u s io n s  have s t ro n g ly  

developed  ro u g h ly  n o r th - s o u th  t r e n d in g  v e r t i c a l  j o i n t s .

Specimen 3/383» from th e  n o r th e rn  s m a lle r  p lu g , i s  a  medium 

g ra in e d  le u c o c r a t i c  ro c k , c o n s is t in g  m ain ly  o f  f e ld s p a r ,  most o f 

which o ccu rs  a s  l a t h s  w ith  th i n  p o ly s y n th e tic  tw in  la m e lla e .  10^  

o r  l e s s  o f  th e  f e ld s p a r  l a t h s  have r e g u la r  a l b i t e  tw in n in g  w ith  an 

e x t in c t io n  a n g le  o f  below 8 ° .  In  a d d i t io n ,  th e r e  i s  an untw inned 

a n h e d ra l form , occupying i n t e r s t i c e s  between l a th s  and m an tlin g  

o l ig o c la s e  m ic ro p h e n o c ry s ts . The o r ig i n a l  m afic s  a re  a l t e r e d  to  

b la c k  i n t e r s t i t i a l  m a te r ia l .  M ag n e tite  i s  p re s e n t  a s  i n t e r s t i t i a l  

a n h ed ra , and c l e a r  a p a t i t e  n e e d le s .

Specim ens 5 /384  and 5 /383  from th e  la rg e  in t r u s io n  a re  s im i la r ly  

l e u c o c r a t i c ,  b u t th e  groundmass f e ld s p a r  ap p ea rs  to  be w holly  s a n id in e  

o r  a n o r th o c la s e ,  w ith  2V (-) 30^-50°• The f e ld s p a r  p h e n o c ry s ts  a re  

p o ta s h - o l ig o c la s e ,  w ith  a l k a l i  f e ld s p a r  m a n tle s , P la te  XXIX. These 

l a t t e r  c o n s t i tu te  from 10^  to  9^% o f th e  bu lk  o f  th e  p h e n o c ry s t, and
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have 2V (-) c ,5 0 ° .  These two specim ens d i f f e r ,  how ever, from 3/303  

above i n  t h a t  th e y  c o n ta in  m o dera te ly  abundant brown am phibole 

p h e n o c ry s ts , reduced  fo r  th e  most p a r t  to  a  w eakly b i r é f r in g e n t  

m e so s ta s is  d e n se ly  charged  w ith  b la c k  o re  g ra n u le s ,  a l i t t l e  p o i k i l i 

t i c  b i o t i t e ,  and some c h l o r i t e .  In  3 /3 0 4 , th e  o r ig i n a l  groundmass 

m afics  a re  a l t e r e d  a s  in  3 /3 0 3 , bu t in  3 /3 0 3 , v e ry  p a le  g re e n ish  

a u g i te  o ccu rs  a s  p rism s and a n h e d ra l g r a in s ,  p lu s  a c c e s so ry  re d d is h  

brown b i o t i t e .  M ag n e tite  o ccu rs  a s  sm all s c a t t e r e d  eu h ed ra ,

(b) A sso c ia te d  vdlth th e  Tugen H i l l s  Group

( i )  Three sm a ll gabbro p lu g s  occur j u s t  n o r th  o f  Chepachaghom. 

One o f  th e s e  (209403) in t r u d e s  t r a c h y te s  o f  th e  Chepachaghom c e n t r e ,  

and i s  i t s e l f  c u t by a  dyke o f p la g io c la s e  p h y ric  b a s a l t .  Two 

specim ens, 3 /399  (190479) and 3 /442  (207403) were c o l le c t e d .  Both 

a re  dark  g re y , heavy , and c o a rse  g ra in e d  in  hand specim en. In  t h in  

s e c t io n ,  3 /399  c o n ta in s  th e  fo llo w in g  m in e ra ls  i n  o rd e r  o f c ry s 

t a l l i z a t i o n ;  a p a t i t e ,  la rg e  c l e a r  p rism s up to  0 ,3  mm. lo n g ; 

m a g n e tite  eu hed ra , up to  0 ,3  mm. a c ro s s ;  o l i v in e ,  s l i g h t  m arg in a l 

a l t e r a t i o n  to  brown tu r b id  m a te r ia l ,  0 .6  mm.; p a le  p u rp lish -b ro w n  

t i t a n a u g i t e  p la t e s ;  la r g e  p la g io c la s e  c r y s t a l s  o f l a b r a d o r i te  compo

s i t i o n ;  brown h o rn b len d e  w ith  la rg e  2V(-),Xor<X. o rangey brown,

Yor̂  r e d d is h  brown, Zor^ deep red-brow n; b i o t i t e ,  w ith  re d d is h  brown 

to  v e ry  p a le  ye llow  p le o ch ro ism , and which a ls o  o ccu rs  a s  t h i n  

co ronae around m a g n e tite  and a p a t i t e .  The ro ck  has a  c o lo u r  index  

o f  C .3 0 ,

Specimen 3 /442  d i f f e r s  in  t h a t  i t  h as  a  low er c o lo u r  in d e x , and 

th e  m afic  m in e ra ls  o ccu r a s  s m a lle r  c r y s t a l s .  The pyroxene i s  

c o lo u r le s s ,  th e  b i o t i t e  i s  p le o c h ro ic  from c h o c o la te  brown to  p a le  

y e llo w , and th e  am phibole p le o c h ro ic  from g reen  to  g re e n ish  brown, 

a l l  i n d ic a t in g  a  low er T i02 c o n te n t .
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( i i )  A s u i t e  o f  p la g io c la s e  p h y ric  b a s a l t  dykes o ccu rs  e a s t  o f 

th e  Basement A rch, c u t t in g  th e  K ap ch erera t F o rm atio n . They a re  

g e n e ra l ly  a l ig n e d  a  few d eg ree s  e a s t  o f n o r th ,  and a re  rem arkab ly  

un ifo rm  i n  a p p ea ran ce . They resem ble  th e  p la g io c la s e -p h y r ic  la v a s  

o f th e  K ap ch erera t F o rm ation , bu t a re  p ro b ab ly  younger. In  two 

re c o rd e d  in s ta n c e s  ( a t  204482 and 209483) th e y  cu t th e  lo w est la v a s  

o f th e  o v e r ly in g  Tugen H i l l s  Group, and hence th e  age o f  th e  whole 

s u i t e  o f p la g io c la s e  p h y ric  dykes i s  u n c e r ta in .

Specim ens 3 /376  and 3 /377  from 196432 a re  from th e  o u te r  and 

in n e r  zones r e s p e c t iv e ly  o f a  6 f t .  wide zoned dyke o f p la g io c la s e  

p h y ric  b a s a l t .  The p la g io c la s e  p h e n o c ry s ts  a re  c o n c e n tra te d  in  

zones 0 .3  m, w ide a t  th e  edges o f  th e  dyke, le a v in g  th e  c e n t r a l  zone 

r e l a t i v e l y  d e f ic ie n t  i n  p h e n o c ry s ts . The p la g io c la s e  p h e n o c ry s ts  a re  

up to  13 ram, lo n g , and ran g e  in  com position  from An^^_g^. No o th e r  

p h e n o c ry s ts  o c c u r . The groundm asses a re  s im i la r  in  each specim en, 

c o n s is t in g  o f  in t e r g r a n u la r  a u g i te  g r a in s  and la b r a d o r i te  l a t h s ,  

w ith  o l iv in e  m ic ro p h en o cry s ts  and abundant m a g n e tite . Analcime i s  

common i n  3 /3 7 7  f i l l i n g  rounded v e s i c l e s ,

( i i i )  A n e p h e l in e - s y e n i te  p lu g  o ccu rs  in  sq u are  2338. At i t s  

w es te rn  m argin , th e  a d ja c e n t t u f f s  a r e  crum pled and c o n to r te d , and 

t i n t e d  p u rp le  and p in k , p o s s ib ly  because o f h y d ro th erm al a l t e r a t i o n .

The in t r u s io n  i s  abou t 3000 f t ,  (913 m .) i n  d ia m e te r , and con

s i s t s  o f  a  c o a rse  g ra in e d  le u c o c r a t i c  n e p h e lin e  s y e n i te ,  f o l i a t e d  a t  

th e  m arg in s , b u t i n t e r n a l l y  s t r u c t u r e l e s s .

Specimen 3 /403  from th e  m argin i s  s t r o n g ly  p o r p h y r i t ic ,  con

ta in in g  f r e s h  n e p h e lin e  and s c a rc e  s a n id in e  p h e n o c ry s ts  in  a  t a x i t i c  

groundm ass composed o f  th i n  s a n id in e  l a t h s  up to  1 mm. lo n g , and 

m a fic s . The l a t t e r  a re  a e g i r in e ,  c o s s y r i t e ,  an am phibole n e a r  to  

m a g n e s io k a ta p h o rite , and r e d d is h  brown b i o t i t e .  The f i r s t  th r e e
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o ccu r f r in g in g  n e p h e l in e . M ag n e tite  i s  p re s e n t  a s  o c c a s io n a l 

g ra n u le s ,  and analc im e o ccu rs  in  p o o ls  in  th e  groundm ass, and a ls o  

r e p la c e s  n e p h e l in e . A ll  th e  m afics  occur i n t e r s t i t i a l l y ,  a s  c l o t s  

drawn ou t in  th e  d i r e c t io n  o f th e  t a x i t i c  t e x tu r e .

Specimen 3 /406  from n e a r th e  c e n tre  o f  th e  in t r u s io n  i s  c o a rs e r  

g ra in e d , n o n -p o rp h y r it ic  and s t r u c t u r e l e s s .  The same m in e ra ls  a re  

p r e s e n t .  Tlie am phibole h as  a  sm a ll 2 V (-), w ith  th e  o p t ic  a x i a l  p lan e  

p a r a l l e l  to  (0 1 0 ), and a  la rg e  Z/\ c . M agnetite  i s  i n t e r s t i t i a l  to  

f e ld s p a r .  Analcime i s  a g a in  p r e s e n t ,  r e p la c in g  n e p h e lin e  to  a 

g r e a t e r  e x te n t  th a n  in  3 /4 0 ^ , and a s  i n t e r s t i t i a l  p o o ls .

( iv )  A p h o n o l i t ic  p lu g , 1300 f t ,  (460 m ,) a c ro s s ,  c u ts  th e  

S idekh  P h o n o lite s  i n  th e  sou thw est o f  th e  a r e a .  I t  i s  v i s i b l y  

c r y s t a l l i n e  and dark  g rey  in  hand specim en. In  th in  s e c t io n  (3 /346 ) 

n e p h e lin e  p h e n o c ry s ts  up to  1  mm. lo n g , l a r g e ly  a l t e r e d  to  a  g ra n u la r  

w eakly b i r é f r i n g e n t  m ozaic o f  z e o l i t e ,  a re  s e t  i n  a  n o n - ta x i t i c  

a l t e r e d  groundm ass, composed o f  s a n id in e  l a t h s ,  o c c a s io n a l su b h ed ra l 

a e g x rin e  a u g i te  p rism s , g ra n u la r  a e g i r in e ,  and a n h e d ra l mossy a r f -  

v e d s o n ite  and c o s s y r i t e ,

(v ) I n t r u s io n s  o f f l i n t y  p h o n o li te  a re  a lm ost unknown, A s in g le  

dyke a t  238388  i s  p u r p l i s h  and f in e  g ra in e d  i n  hand specim en. In  

t h i n  s e c t io n  (3 /4 0 4 ) i t  c o n ta in s  sp a rse  n e p h e lin e  euhedra  up to  1  mm. 

a c ro s s ,  a l t e r e d  to  le n g th  slow  n a t r o l i t e  ( ? ) ,  in  a  f in e  g ra in e d  a l t e r e d  

groundm ass i n  which th e r e  a re  no u n a l te r e d  m a fic s . A l e s s  w eathered  

dyke, w ith  a  f l i n t y  groundm ass o f  L osuguta ty p e  b e a r in g  sa n id in e  and 

b i o t i t e  p h e n o c ry s ts  ( 3 /4 3 ? ) » o ccu rs  a t  239431.

The s c a r c i t y  o f i n t r u s i o n s  o f f l i n t y  p h o n o li te  h a s  been n o te d  

from o th e r  a re a s  (M artyn, Chapman, C arney, p ers .com ras,) .

( v i )  T rach y te  and t r a c h y p h o n o li te  in t r u s io n s  a re  common in  th e  

Tugen H i l l s  G roup, The l a r g e s t  i s  t h a t  o f  C h e s i to i ,  an ovo id  body
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l8 0 0  f t ,  X 800 f t ,  (570  m. X.240 ra.) in  e x te n t ,  composed o f c o a rs e ly  

p o r p h y r i t ic  tr a c h y p h o n o li te .  In  hand specim en, i t  i s  s im i la r  to  th e  

tr a c h y p h o n o li te  com prising  C heptuiraet and K epsetan , and i s  thou g h t 

to  be an in t r u s i v e  body r e l a t e d  to  th e s e .  F ig .  22 . In  3 /3 2 6 , from 

C h e s i to i ,  th e  n e p h e lin e  h as  la r g e ly  been re p la c e d  by an a lc im e , which 

a ls o  o ccu p ie s  i r r e g u l a r  v e s i c l e s  and c ro s s  c u t t in g  v e in s .  S an id in e  

p h e n o c ry s ts  a ls o  o c c u r .

The K elan in t r u s i v e  complex (sq u a re  2741) c o n s is ts  p r in c ip a l ly  

o f  a  t r a c h y p h o n o li te  ag g lo m era te , from which a  b lo ck  o f o l iv in e  b a s a l t  

was re c o v e re d . A s in u o u s  o u tc ro p  o f f l i n t y  p h o n o li te  on i t s  so u th e rn  

edge i s  s e p a ra te d  from th e  main p ip e  by a  b e l t  o f ag g lo m era te , and 

may n o t be r e l a t e d .  S m alle r d y k e - lik e  b o d ies  o f moderately f i s s i l e  

t r a c h y te  inv ad e  th e  ag g lo m era te , and may be fe e d e rs  f o r  th e  o u t l i e r  

o f C heptuiraet T ra c h y p h o n o lite  a t  M o lingo t.

The rem ain ing  t r a c h y t i c  in t r u s io n s  a re  n e a r ly  a l l  dykes. The 

summit o f T i a t i ,  how ever, i s  a  sm a ll c i r c u l a r  p lu g  o f  tr a c h y p h o n o li te ,  

w itji a  crude  s h e e tin g  p a r a l l e l  to  th e  o u te r  w a l l s .  I t  c o n s is t s  o f 

s o d a l i t e  o r ana lc im e m ic ro p h en o cry s ts  i n  a  flow banded groundmass 

c o n s is t in g  m ain ly  o f  s a n id in e  l a t h s  w ith  i n t e r s t i t i a l  a e g i r in e  and a  

l i t t l e  c o s s y r i t e  (3 /1 3 6 ) .

A few dykes, p a r t i c u l a r l y  th o se  c u t t in g  th e  L elgrong  T u ffs  w est 

o f T i a t i  and Cheptuimet^ c o n ta in  sm a ll m ic ro p h en o cry s ts  o f  s o d a l i t e  

o r ana lc im e a f t e r  n e p h e lin e , e .g .  specim en 3 /433  (240471). M ostly , 

n e p h e lin e  i s  a b s e n t,  b u t 3 /4 lO  (246428) from a  sm all p lu g  c o n ta in s  

sm a ll b i o t i t e  l a t h s ,  to g e th e r  w ith  abundant re so rb e d  s a n id in e  pheno

c r y s t s ,  and sp a rs e  p a le  g reen  d io p s id ic  a u g i te  p h e n o c ry s ts . B io t i t e  

l a t h s  a ls o  o ccu r i n  3 /4 l2 ,  a  f in e  g ra in e d  a p h y ric  a l t e r e d  dyke from

234434.
Specim ens 3 /4 l9 ,  3 /411  and 3 /4 2 8 , from 236463, 249431 and 236433 

r e s p e c t iv e ly ,  c o n ta in  n e i th e r  n e p h e lin e  nor q u a r tz .  The groundmass
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i n  each  ca se  i s  flow banded, and p h e n o c ry s ts  a re  r a r e .

Soecimen 3 /382  (19243?) i s  rem arkab ly  s im i la r  to  th e  o u t l i e r  

o f t r a c h y te  a t  S in g e le l ,  in  t h a t  i t  i s  a p h y r ic ,  th e  m afics  a re  a l t e r e d  

to  a  s im i la r  b la c k is h  m a te r ia l ,  and q u a r tz  o ccu rs  in  p o o ls , p ro b ab ly  

a s  a  secondary  m in e ra l .

Specimen 3 /439  (224486) i s  from an a l t e r e d  le u c o c r a t ic  dyke, 

which c o n ta in s  w a te rc le a r  q u a r tz  c r y s t a l s  over 1 in c h  long  in  d rusy  

c a v i t i e s .  S e t i n  th e  groundmass a re  p a le  g reen , opaque stumpy 

hexagona l p r ism s . I n  th i n  s e c t io n ,  th e  ro ck  i s  seen  to  be Is irg e ly  

a l t e r e d .  A s in g le  p h en o cry s t o f  n e p h e lin e  (? )  a l t e r e d  to  f ib ro u s  

and g ra n u la r  m a te r ia l  w ith  a  b i r e f r in g e n c e  o f  about O.Ql was 

o b se rv ed , i n  a  groundmass o f g ra n u la r  secondary  m in e ra ls .  V e s ic le s  

c o n ta in  q u a r tz ,  w hich e n c lo se s  sm a ll p rism s o f  a l t e r e d  f e ld s p a r .  The 

m afic s  a re  e n t i r e l y  a l t e r e d  to  brow nish  c l o t s  o f  l im o n i t ic  m a te r ia l .

A t r a c h y te  dyke a t  194318 shows a  c o n c e n tra t io n  o f  f e ld s p a r  

p h e n o c ry s ts  a t  th e  m arg in . The dyke i s  3 m. w ide, and th e  f e ld s p a r  

r i c n  m argins 0 .3  m. w ide. In  t h i s  manner i t  resem b les  th e  p la g io c la s e  

p h y ric  b a s a l t  dyke a t  196432, p . l 4 3 «

(c )  I n t r u s io n s  a s s o c ia te d  w ith  th e  T ir io k o  B a s a l ts

These a re  e x c lu s iv e ly  dykes, g e n e ra l ly  l e s s  th a n  13 f t .  ( 3 m .)

w ide, u s u a l ly  f a i r l y  s t r a i g h t ,  and un ifo rm  in  co m p o sitio n .

They a re  e n t i r e l y  b a s a l t i c ,  th e re  be ing  no known so u rc e s  fo r

th e  t r a c h y te s  o r la v a s  i n  th e  le u c o c r a t i c  u n i t .  They a re  rem arkab ly

s im i la r  i n  l i th o lo g y  to  th e  la v a s  a lre a d y  d e s c r ib e d . Most have 

in t e r g r a n u la r  t e x tu r e ,  bu t o p h i t ic  (3/ 2 8 8 ) and s u b -o p h it ic  (3 /2 4 0 ) 

t e x tu r e s  a ls o  o c c u r .

O liv in e  i s  u b iq u i to u s  a s  m ic ro p h en o cry s ts  and in  th e  groundm ass, 

b u t i s  n o t a s  commonly p h y r ic  a s  a u g i te  and p la g io c la s e  (3 /2 4 2 ,

5/ 2 8 9 ) .
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( d) I n t r u s io n s  a s s o c ia te d  w ith  th e  Kiddeh Group

These c o n s is t  e n t i r e l y  o f  dykes and sm all p lu g s  ra n g in g  from

tr a c h y te  to  t r a c h y p h o n o li te  in  co m p o sitio n . P a r t i c u l a r l y  n o tew orthy
$

i s  th e  swarm o f dykes a s s o c ia te d  w ith  th e  Mugor T ra c h y te s , l i t h o l o g i c a l l y  

s im i la r  to  th e  Mugor T ra c h y te s  th e m se lv e s . Of th r e e  specim ens exam ined, 

3 /2 9 3  ( 271394 ) from a  th ic k  dyke i s  c o a rse  g ra in e d  and n o n -p o rp h y r i t ic .  

A e g ir in e  and a r fv e d s o n ite  occur i n t e r s t i t i a l  to  s a n id in e  l a t h s ,  which 

ran g e  in  s iz e  from 1 mm. down to  s m a lle s t  groundmass l a t h s  and 

an h e d ra . Specimen 3 /268  (277562) i s  a p h y r ic , and th e  o r ig in a l  m afics  

a re  e n t i r e l y  a l t e r e d  to  l im o n i t ic  m a te r ia l .  In  3 /323  ( 278518 ) ,  sp a rse  

s o d a l i t e  m ic ro p h en o c ry s ts  occur in  a  t a x i t i c  groundmass composed o f 

s a n id in e  l a t h s  and i n t e r s t i t i a l  a e g i r in e  and a r fv e d s o n i te .

The dykes a s s o c ia te d  w ith  th e  K afkandal Complex, o r  which occur 

n e a r  i t s  w es te rn  m argin a re  s im i la r  to  la v a s  in  th e  com plex. Specimen 

3 /3 1 1  c o n ta in s  b o th  th e  re d -y e llo w  m in e ra l and th e  p a le  yellow  m in e ra l 

m entioned  on p . 137»

Specimen 3 /2 4 ?  i s  a  g la s s  m argin from a  t r a c h y te  dyke a t  30863O. 

S e v e ra l o f  th e  t r a c h y te  dykes in  th e  v i c i n i t y  have th i n  g la s s  m argins 

and i t  i s  c o n s id e re d  t h a t  th e  b a s a l t s  in to  which th e y  were in t ru d e d  

a re  b e t t e r  c o n d u c to rs  o f  h e a t th a n  t r a c h y te s  o r  t u f f s ,  so t h a t  th e  

l i q u i d  magma quenched more q u ic k ly . However, t h i s  i s  no t alw ays th e  

c a s e ,  and o th e r  t r a c h y te  dykes in t ru d e d  in to  b a s a l t s  have c r y s t a l l i n e  

m a rg in s . In  3 /2 4 ? , th e  g la s s  i s  p a le  brown in  p lan e  p o la r iz e d  l i g h t ,  

w ith  a  banded f a b r i c .  Abundant s p h e r u l i t e s  a re  seen  betw een c ro s se d  

p o la r s .

I n  th e  Ribkwo Complex, t r a c h y t i c  in t r u s io n s  a re  c o n c e n tra te d

n e a r  th e  c e n t r a l  zone, and in  th e  L o k ite t  and Kariamcuigro u n i t s .

Only two specim ens from th e  main s h ie ld  u n i t  were exam ined.

Specim ens 3 /3 9  and 3 /9 9  a re  l e u c o c r a t i c ,  a lth o u g h  th e  m afics  i n  each 

* T here i s  a l s o  an ag g lo m e ra tic  p lu g  a t  K am til, sq u are  2833»
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case  a re  a l t e r e d  to  r e d d is h  l im o n i t ic  m a te r ia l .  Specimen 5 /39  i s  

a p h y r ic ,  bu t 5 /9 9  c o n ta in s  abundant s a n id in e  p h e n o c ry s ts .

Dykes i n  th e  L o k i te t  u n i t  a r e  u s u a l ly  a l t e r e d ,  b u t appear to  

c o n ta in  n e i th e r  q u a r tz  no r f e ld s p a th o id .  C halcedony i s  common, bo th  

in  r a d i a l  and g ra n u la r  form , in  sm a ll v e s i c l e s .  The in t r u s iv e  b o d ie s  

a re  u s u a l ly  d y k e - l ik e , bu t p lu g s , e .g .  a t  758385 and 7 39385» a ls o  

o c c u r .

Specimen 3 /6 4 , from a  dyke which c u ts  th e  K ariaraangro C ald era  

u n i t  a t  763413» i s  d i s t i n c t i v e  in  t h a t  i t  c o n ta in s  a n o r th o c la s e  

p h e n o c ry s ts , a s  do s e v e ra l  la v a s  from th e  K ariam angro C a ld e ra  u n i t .

In  o th e r  r e s p e c t s ,  a p a r t  from th o se  m entioned , in  g ra in  s iz e ,  

t e x tu r e  and m in e ra lo g y , th e  in t r u s i v e  b o d ie s  in  th e  Ribkwo Complex 

resem ble  th e  la v a s  w ith  which th e y  a re  a s s o c ia te d .

(e )  I n t r u s io n s  a s s o c ia te d  w ith  th e  Kamosing Form ation

A 1 ra. wide dyke o f  in te r g r a n u la r  te x tu r e d  o l iv in e  b a s a l t  (3/ 26O) 

c u ts  th e  v a l le y  o u t l i e r  o f  Ribkwo Complex t r a c h y p h o n o li te  a t  672422, 

and i s  c o n s id e re d  to  be a  p o s s ib le  so u rce  o f th e  Tuwut B a sa lt Member.

F o r th e  P a t iv a t  Member, a  s in g le  dyke im m ed ia te ly  sou thw est 

o f  th e  t r i a n g u la t io n  s t a t i o n  a t  P a t iv a t  was se e n .

In  th e  case  o f th e  K ahanav isian  Member, tv/o c i r c u l a r  in t r u s i v e  

b o d ie s , 3 /3 8  and 3 /1 0 2  a t  784498 and 792449 r e s p e c t iv e ly ,  o ccu r.

These a re  s im i la r  i n  l i th o lo g y  to  th e  main mass o f  K ahanav isian  B a s a l t .

( f ) I n t r u s io n s  a s s o c ia te d  w ith  th e  Chepkowagh M ugearite

T h is  fo rm a tio n  c o n s i s t s  o f  a  s in g le  dyke and la v a  o u t l i e r .  They 

a re  v e ry  s im ils ir  i n  hand specim en, c o n s is t in g  o f  a  b u f f -g re y is h  

f lu x io n  te x tu r e d ,  b u t n o t f i s s i l e ,  n o n -v e s ic u la r  ro c k . Specimen 

3 /3 6 0  ( 033427 ) c o n ta in s  a  few p h e n o c ry s ts  o f l a b r a d o r i te  up to  Angg, 

i n  a  groundm ass composed o f  o l ig o c la s e  l a t h s  and id d in g s i te  a f t e r  

o l iv in e  o r  p y roxene .
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6 . Welded P y r o c la s t ic  Rocks

These o ccu r in  th e  a u th o r 's  a re a  in  th e  Tugen H i l l s  and Kiddeh 

Group, bu t p a r t i c u l a r l y  in  th e  l a t t e r .  They v a ry  in  th ic k n e s s  from 

c .  6 f t .  (2 m.) to  60 f t .  ( l8  m .) , and t h e i r  c h a r a c t e r i s t i c s  in d ic a te  

t h a t  th e y  were o r ig i n a l l y  c l a s t i c ,  bu t su b se q u e n tly  underw ent r e c r y s 

t a l l i s a t i o n  and a l t e r a t i o n ,  A s in g le  w elded t u f f  o ccu rs  a s s o c ia te d  

w ith  th e  Tumungir B a s a l ts .

I n tro d u c t io n

B efore c o n s id e r in g  t h e i r  d i s t r i b u t io n  and p e tro g ra p h y  in  th e  

p re s e n t  a r e a ,  i t  i s  n e c e ssa ry  to  examine th e  developm ent o f  th e  co n cep ts  

co n ce rn in g  them .

I t  was r e a l i z e d  in  th e  19 th  c e n tu ry  th a t  th e r e  was a  group o f  

ro c k s  which had p r o p e r t i e s  t r a n s i t i o n a l  between la v a s  and e l a s t i c s .

These ro c k s  a re  g e n e ra l ly  s t r e a k y ,  c o n ta in  d e v i t r i f i e d  g la s s  sh a rd s  

and l i t h i c  in c lu s io n s ,  and a re  ta b u la r  in  form , c o n s is te n t  w ith  

d e p o s it io n  i n  a  f l u i d  medium.

The e a r l i e s t  th e o ry  was t h a t  o f  Abich (l8 8 2 ) who advanced th e  id e a  

t h a t  ro c k s  v /ith  th e s e  c h a r a c t e r i s t i c s  from Armenia had been formed a s  

a  r e s u l t  o f  a  gas charged  a c id  la v a  e ru p te d  a s  a  co h ere n t l i q u id ,  bu t 

which su b se q u e n tly  v e s ic u la te d  so t h a t  i t  f ro th e d  up, form ing pumice 

and g la s s  s h a rd s .  These were th e n  f l a t t e n e d  and drawn ou t i n  th e  

d i r e c t io n  o f  flow , su b se q u en tly  w elding to g e th e r .

A f te r  th e  e ru p t io n s  o f  Mont P e lé  in  1902 and 19O3 , Id d in g s  ( 19O9 ) 

p roposed  t h a t  v io l e n t l y  e ru p te d  g la s s  fragm en ts may f a l l  to g e th e r  and 

become w elded, a lth o u g h  no w elded d e p o s its  were formed d u rin g  th e  P e lé  

e r u p t io n s .

F enner ( 192O, p p .369 - 6 0 6 ) i n t e r p r e te d  th e  Katmai ' s a n d -flo w ' a s  

a  w elded d e p o s it  w ith  a  P e léan  o r ig in .

The te rm  ig n im b r ite  was in tro d u c e d  by M arsh a ll (1 9 3 2 ), in
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a p p l ic a t io n  to  sh e e t r h y o l i t e s  which he supposed to  have been formed 

from an in c a n d e sc e n t show er, bu t h i s  d e f in i t i o n s  were n o t c l e a r .

O ther th e o r i e s  developed  were th o s e  o f  V lodavetz  (1953) who 

p roposed  th a t  th e  s t r e a k y  n a tu re  o f  th e s e  ro ck s  was caused  by th e  

in te rm in g lin g  o f  r h y o l i t i c  le n s e s  in  a  d a c i t i c  medium, and S te in e r  

( i 9 6 0 ) v/ho invoked  l i q u id  i r n m is c ib i l i ty ,  bu t met w ith  much c r i t i c i s m .

An o f te n  invoked  mechanism i s  th e  nuée a rd e n te  (g low ing  c lo u d ) .

In  modern te rm s , t h i s  i s  e s s e n t i a l l y  an expanding gas c loud  charged  

w ith  sm a ll d r o p le t s  o f  g la s s y  maigma, h o t a sh , w a ll ro ck  x e n o l i th s  e t c . . 

The low er p a r t  i s  r e l a t i v e l y  dense , te n d s  to  move over th e  ground a s  

a  t u r b i d i t y  c u r r e n t ,  and may co o l on ly  s lo w ly . T h is  i s  th e  a sh  flow  

o f  Sm ith ( i 9 6 0 , p p .7 9 5 -8 4 2 ). I f  o f  s u f f i c i e n t  s iz e  and i n i t i a l  

te m p e ra tu re , i t  may be h o t enough fo r  th e  c o n s t i tu e n t  p a r t i c l e s  to  

fu se  o r  w eld to g e th e r  upon coming to  r e s t .  Sm all ash  flo w s, how ever, 

may n o t be h o t enough to  do t h i s .  The upper p a r t  o f  a  nuée a rd e n te  

i s  a  d u s t- la d e n  g low ing , gaseous c lo u d , v e ry  tu r b u le n t ,  and c o n t in u a l ly  

bei.-g  fe d  by g ase s  l i b e r a t e d  from th e  b a s a l  p o r t io n  o r ash  flo w . The 

l i b e r a t i o n  o f  th e s e  g ase s  from th e  a sh  flow  f lu i d i z e s  i t ,  and e n a b le s  

i t  to  move a t  g r e a t  v e l o c i t i e s ,  and to  surmount g e n t le  g r a d ie n ts .

P rob ab ly  a l l  th e  t r u l y  c l a s t i c  w elded t u f f s  o r ig in a te d  in  t h i s  

m anner, o r one s im i l a r .  The n e c e ssa ry  c o n d it io n s  a re  t h a t  th e  magma 

sh o u ld  b u i ld  up s u f f i c i e n t  p re s s u re  i n  th e  c o n d u it,  so t h a t  when th e  

c o n f in in g  p re s s u re  i s  r e le a s e d  a t  th e  commencement o f  e ru p tio n ,  th e  

gas s t a r t s  e x so lv in g , and th e  p rim ary  m a te r ia l  i s  e ru p te d  a s  a gaseous 

medium w ith  suspended  s o l id  and l i q u i d  p a r t i c l e s .

I f  th e  p re s s u re  i s  to o  h ig h , how ever, sudden r e le a s e  o f th e  con

f in in g  p re s s u re  may cause  a  v io l e n t l y  e x p lo s iv e  e ru p tio n , w ith  la rg e  

volum es o f  pumice b e in g  sh o t v e r t i c a l l y  in to  th e  a i r .  In  doing  so , 

th e y  would c o o l q u i te  q u ic k ly , and would n o t weld to g e th e r  upon 

com paction .
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A part from th e  p o s s i b i l i t y  o f  w elded t u f f s  hav ing  o r ig in a te d  a s  

a  p y r o c la s t ic ,  th e r e  i s  th e  f ro th - f lo w  h y p o th e s is  o f  Abich ( l8 8 2 ) ,  

l a t e r  su p p o rted  by Id d in g s  ( 1899 ) , o u t l in e d  above. L ac ro ix  (l9 3 0 ) 

p u t fo rw ard  th e  analogue o f  b o i l in g  m ilk , in  which a  l i q u id  magma 

v e s ic u la te d  o r 'b o i l e d  u p ',  flow ing  over th e  c r a t e r  l i p  a s  a  b u b b lin g , 

foam ing m ass. T h is  was l a t e r  su p p o rted  by Kennedy (1955) and McCall

(1 9 6 2 , p p .3 4 3 -3 4 4 ) .

O ther e ru p tiv e  a s s o c ia t io n s  o f  ig n im b r i te s  o r  w elded t u f f s  o f 

th e  c l a s t i c  v a r i e ty  a re  f i s s u r e s  and c a ld e r a s .

V ast s h e e ts  o f  r h y o l i t e  in  th e  sou thw est U .S.A . a re  co n s id e re d  

to  have been e ru p te d  from f i s s u r e s ,  which were su b se q u e n tly  co n cea led  

by th e  e ru p te d  m a te r ia l  (S m ith , o p .c i t . ,  p p .8 l ? - 8 l 8 ) .

The a s s o c ia t io n  o f  w elded t u f f s  and c a ld e ra s  was f i r s t  d e s c r ib e d  

by Ross ( 19 3 1» p p .185- 186 ) ,  in  th e  V a lle s  M ountains o f New M exico, 

bu t h a s  s in c e  been re c o g n iz e d  e lsew h ere  in  th e  U .S.A . (B yers e t  a l . , 

1 9 6 9 , p p .87- 9 7 ) ;  Kenya (M cC all, I 9 6 3 , p p .1148-1195); and A u s t r a l i a  

(B ranch , I 9 6 7 , p p .4 l - 3 0 ) .

S econdary  E f f e c ts

Due to  th e  v o l a t i l e  c o n te n t and te m p e ra tu re  o f w elded t u f f  sy stem s, 

th e y  a re  v e ry  s u s c e p t ib le  to  autom etam orphism  d u rin g  c o o lin g . Vapours 

p a s s in g  up th ro u g h  a  c o o lin g  and s o l id i f y in g  mass o f g la s s  d ro p le ts  

h y d ra te  th e  g la s s ,  c a u s in g  c r y s t a l s  to  grow over and obscure  th e  w elded 

sh a rd  b o u n d a r ie s . A ll  th e  g la s s  may be a l t e r e d  i n  t h i s  way, and 

o r ig i n a l  pumice h a rd  to  d e t e c t .

F u r th e r ,  c r y s t a l l i s a t i o n  o f  f e ld s p a r  and tr id y ra i te  ta k e s  p la c e  

i n  p o re  sp a c e s , som etim es a s  s p h e r u l i t i c  in te rg ro w th s .  These two 

seco n d ary  e f f e c t s  can re n d e r  an a sh -f lo w  d e p o s it  q u i te  s o l id  and 

com pact, g iv in g  i t  a  w elded ap p ea ran ce , when in  f a c t  i t  may n o t have 

a c t u a l l y  been w elded i n  th e  t r u e  se n s e , i . e .  s t i c k in g  to g e th e r  and
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m erging o f  h o t p l a s t i c  g la s s  because o f  i t s  h ig h  te m p e ra tu re . T h is  

p o in t i s  em phasized by Sm ith ( o p ,c i t . ,  p p .8 2 5 -8 2 8 ).

A nother secondary  e f f e c t  i s  t h a t  o f  lam in a r flow  (W alker &

Sv/anson, I 9 6 8 , pp . B37-B47 ) i n  which th e  p a r t l y  welded mass o f  g la s s  

sh a rd s  moves by la m in a r flow age, under i t s  ov/n w e ig h t.

In  th e  fo llo w in g  s e c t io n s ,  th e  welded t u f f s  i n  th e  p re s e n t a re a

w i l l  be d e s c r ib e d , and commented on in  th e  l i g h t  o f o b s e rv a tio n s  made

by o th e r s .

(a )  Welded T u ffs  in  th e  Tugen H i l l s  Group

These occur o n ly  s p o r a d ic a l ly .  The w elded t u f f  in  th e  S idekh 

P h o n o lite s  i s  th e  most o b v io u s . I t  p ro b ab ly  covered  an a re a  o f  a t

l e a s t  30  s q ,m ile s  ( I 30  sq .k m .) ,  bu t i s  n o t more th a n  20  f t .  (6 m.)

th i c k  in  any o f  i t s  o u tc ro p s . I t  i s  w elded th ro u g h o u t i t s  v e r t i c a l  

e x te n t ,  no v e r t i c a l  z o n a tio n  b e in g  se e n . I t  i s  g re e n is h -b la c k  to  

k h ak i i n  c o lo u r ,  com pact, w ith  o c c a s io n a l f l a t t e n e d  v e s ic l e s ,  and 

poT' e l la n o u s  t e x tu r e .  I t  h as  a  s t r e a k y  banding marked by sm all f o ld s  

and c o n to r t io n s ,  and which d e v ia te s  around  th e  numerous l i t h i c  and 

c r y s t a l  fra g m e n ts . The l a r g e s t  o f  th e s e  a r e  about ^ 1  cm. a c r o s s .

The t e x t u r a l  f e a tu r e s  a re  w e ll seen  in  t h i n  s e c t io n  (3 /3 5 0 , 5 /362  

and 3/ 3 6 6 ) .  Specimen 3 /330  c o n ta in s  abundant l a t h - l i k e  s a n id in e  c ry s 

t a l s .  T h e ir  r e g u l a r i t y  o f  form su g g e s ts  t h a t  th e y  were no t in v o lv e d  in  

an  e x p lo s iv e  e r u p t io n .  S ca rce  b i o t i t e  l a t h s  a ls o  o c c u r . The ground

mass i s  s t r e a k y ,  b u t any c l a s t i c  p a r t i c l e s  have been o b l i t e r a t e d  by 

th e  in te n s e  r e c r y s t a l l i s a t i o n .  T h is  h as  le d  to  th e  developm ent o f  a  

b row nish , tu r b id ,  opaque m e so s ta s is  i n  wliich a re  abundant s p h e r u l i t e s  

w ith  dark  brown tu r b i d  n u c l e i .  There i s  much a n a l c i t e  i n  sm a ll, 

i r r e g u l a r  po re  s p a c e s .

Specim ens 3 /3 6 2 , P la te  XXX, and 3 /366  a re  f a i r l y  s im i la r .  Both 

c o n ta in  abundant f a i r l y  r e g u la r ly  formed c r y s t a l s  o f  s a n id in e  la r g e ly



155

a l t e r e d  to  a n a l c i t e ,  to g e th e r  v /ith  o c c a s io n a l b i o t i t e  and n e p h e lin e . 

The c r y s t a l s  a r e  up to  3 mm. lo n g . Rounded l i t h i c  l a p i l l i  o ccu r, 

a l t e r e d  to  i s o t r o p i c  g ra n u la r  m a te r ia l  w ith  abundant sm all ro d  shaped 

c r y s t a l s .

The ro ck  in  each case  c o n s is t s  o f two d i s t i n c t  p a r t s .  There i s  

a  m e so s ta s is ,  p a le  to  medium brown, v e ry  f in e ly  g ra n u la r ,  which shows 

a  f a i n t  banding  a d ja c e n t to  la rg e  l a p i l l i ,  bu t i s  o th e rw ise  s t r u c t u r e 

l e s s .  S e t in  t h i s  a re  much p a le r  s t r e a k s  and le n s e s  w ith  f ra y e d  ends 

( th e  fiamme o f  many a u th o rs )  o f  c o a rs e r  g ra in e d  m a te r ia l  c o n s is t in g  

e s s e n t i a l l y  o f  an ^ a d .c i t i z e d  base  w ith  numerous sm a ll f l u f f y ,  

g re e n ish  b la c k  a g g re g a te s  o f  u n id e n t i f i e d  m a te r ia l .  These a re  o f te n  

s e g re g a te d , le a v in g  t h i n  le n s e s  o f a n a l c i t e - r i c h  b a se , in to  which 

p r o je c t  t i n y  m i c r o l i t e s .  They app ea r to  be f l a t t e n e d  pum ice, th e  

a n a l c i t e  le n s e s  r e p re s e n t in g  f l a t t e n e d  b u b b le s . The ragged  and fra y e d  

ends su p p o rt t h i s  v iew . These p a le r  s t r e a k s  v a ry  from 0 .2  mm, to  

over 10  mm. lo n g . I n  5/ 3o2 , th e y  a re  r i c h  in  s p h e r u l i t i c  c lu s t e r s  

o f f e ld s p a r  ( ? ) .

In  each o f  5 /362  and 5 /3 6 6 , th e  c r y s t a l  and l i t h i c  fragm en ts  a re  

in c lu d e d  i n  th e  dark  m e s o s ta s is .  The p a le  s t r e a k s  a re  a lm ost e n t i r e l y  

f r e e  o f  such in c lu s io n s ,  a re  s u b p a r a l l e l ,  and a re  moulded f l u i d a l ly  

around  c r y s t a l  and l i t h i c  frag m e n ts .

Any c o n c lu s io n s  r e g a rd in g  th e  mode o f  e ru p tio n  o f  t h i s  welded 

t u f f  must be t e n t a t i v e ,  i n  view  o f  th e  amount o f a l t e r a t i o n .  N ever

t h e l e s s ,  th e  u n s h a t te re d  n a tu re  o f th e  in c lu d e d  c r y s t a l s ,  and th e  

f a i r l y  homogeneous t e x tu r e  o f  th e  brown m e so s ta s is  p o in t to  a  f l u i d ,  

u n ex p lo s iv e  o r ig i n .  The p re s e n t w r i te r  h e s i t a t e s  to  c a l l  i t  a  f r o th -  

flow , however, i n  th e  s t r i c t  s e n s e .

At 246403, a  w elded t u f f  o ccu rs  i n  th e  S ig a tg a t  H i l l  Complex.

I t  d i f f e r s  from th a t  in  th e  S idekli P h o n o lite s  in  t h a t  i n  th in  s e c t io n  

(5 /4 i 4) th e  brow nish  m e so s ta s is  o r groundmass h as  a  d e f in i t e  c l a s t i c
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t e x tu r e ,  P la te  XXXI. Each c l a s t  i s  a n g u la r , and c o n s is t s  o f  a  p a le  

b row nish m ic r o c r y s ta l l in e  ag g re g a te  o f  secondary  m in e ra ls ,  w ith  a d a rk e r  

brown rim . These c l a s t s  a re  packed c lo s e ly  to g e th e r ,  w ith  on ly  a 

l im i te d  amount o f  p a le  brov;n i s o t r o p i c  i n t e r s t i t i a l  m a te r ia l .  The 

fiamme a re  brow nish o r g re y is h , c o a rs e r  g ra in e d  th a n  th e  c l a s t s  in  

th e  m e so s ta s is ,  and have rag g ed  en d s . They g iv e  r i s e  to  a  banded 

t e x tu r e ,  p a r a l l e l e d  to  some e x te n t by th a t  in  th e  m e so s ta s is .

T h is  w elded t u f f  th e n  ap p ea rs  to  have been p r im a r i ly  c l a s t i c ,  

and i s  p ro b ab ly  a  p y r o c la s t ic  flow  d e p o s i t .  The a u th o r  i s  aw are, 

how ever, t h a t ,  because o f  vapour phase c r y s t a l l i s a t i o n ,  th e  absence o f 

p rim ary  v i t r o c l a s t i c  te x tu r e  i s  n o t d ia g n o s t ic  o f a  f l u i d  o r ig in .

N e ith e r  i s  i t s  p re sen ce  c o n c lu s iv e  p ro o f o f a c l a s t i c  o r ig in ,  s in c e  

c l a s t i c  t e x tu r e  may be in d u ced  i n  a  f ro th - f lo w , over th e  l im i te d  

1 -2  cm. p re s e n t  i n  a t h i n  s e c t io n .

Welded t u f f s  o n ly  o ccu r a t  w id e ly  spaced  in t e r v a l s  i n  th e  L e l

grong T u ffs ,  and none was exam ined i n  th i n  s e c t io n .  They do o ccu r, 

how ever, in  th e  Kameiyun V o lc a n ic s , and in  th e  i n l i e r  presumed to  be 

o f e q u iv a le n t age i n  th e  Kamosing v a l le y  a t  T ake iw u t, and e a s t  and 

n o r th  o f  C hep tu im et,

F our specim ens were exam ined in  d e t a i l .  In  hand specim en, th e y  

v a ry  c o n s id e ra b ly  i n  c o lo u r ,  p ro p o r tio n  o f  fiamme to  m e so s ta s is ,  

and degree  o f  com paction .

Specim ens 5 / l4 3  and 5 /262  a re  b la c k  o r g re e n is h  b la c k , v e ry  com

p a c t ,  d en se r th a n  most w elded t u f f s ,  and have a  f l i n t y  f r a c t u r e .  In  

5 / l4 3 t  th e r e  a r e  few fiamme o r in c lu s io n s ,  bu t th e  m e so s ta s is  i n  5 /2 6 2  

i s  crowded w ith  in c lu d e d  m a te r ia l .  In  bo th  specim ens, fiamme a re  

o n ly  v i s i b l e  on a  wet s u r f a c e .

In  5 /2 6 3  and 5 /3 2 8 , how ever, th e  c o lo u r  v a r ie s  from p u rp l i s h  to  

cream i n  th e  l a t t e r .  A lso , 5 /328  i s  po rous and n o t v e ry  com pact, and 

th e  fiamme a re  n o t d i s t i n c t  from th e  m e s o s ta s is .
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In  th i n  s e c t io n  th e y  c o n s is t  o f p a le  fiamme in  l e n t i c l e s  up to  

1-J cm, lo n g , in  a  d a rk e r , u s u a l ly  g re e n ish  groundm ass. In  two c a se s  

(5/ 1 4 5 » 5/ 2 6 5 ) th e r e  i s  no s ig n  o f v i t r o c l a s t i c  t e x tu r e ,  bu t i n  5 /2 6 2  

and 5 /5 2 8  th e  dark  brov/n m e so s ta s is  h as  a r e l i c t  c l a s t i c  t e x tu r e .

In  5/ 1 4 3 , th e  m e so s ta s is  i s  a w h ite , c l e a r  f in e - g r a in e d ,  un- 

re s o lv a b lo  a g g re g a te , c lo s e ly  crowded w ith  a  f lo c c u la t e ,  g reen  m in e ra l,  

and l e s s  c lo s e ly  w ith  i r r e g u l a r  c o s s y r i te  p a tc h e s .  Very sm all rounded 

c r y s t a l s  o f p a le  g reen  c lin o p y ro x en e  o ccu r, and a n g u la r  fragm en ts  o f 

s a n id in e ,  showing s l i g h t  r e s o r p t io n .  Sm all g r a in s  (0 .2  mm.) o f brown 

am phibole a ls o  o ccu r, w ith  rim s o f m a g n e tite  g ra n u le s .  The fiamme a re  

c o a r s e r  g ra in e d , a re  h ig h ly  l e u c o c r a t i c ,  and c o n s is t  m ain ly  o f  an 

i s o t r o p i c  o r  n e a r  i s o t r o p i c  groundm ass w ith  abundant f e ld s p a r  m icro

l i t e s .  I n t e r n a l l y ,  th e  fiamme a re  a lm ost s t r u c t u r e l e s s .  They occur 

from abou t 1 cm. lo n g  down to  sm a ll i r r e g u l a r  s h re d s .  T ra c h y tic  l i t h i c  

l a p i l l i  o ccu r, alw ays w e ll rounded . A n a lc i te  has a ls o  c r y s t a l l i s e d  

i n  s p a rs e  v e in s  and sm all c a v i t i e s .

Specimen 5 /263  i s  s im i la r ,  bu t th e  groundmass i s  dark  brown and 

tu r b id ,  and h e a v i ly  f e r r u g in iz e d .  The p a le r  s t r e a k s  a re  g e n e ra l ly  l e s s  

th a n  3 mm. lo n g . Abundant rounded  to  a n g u la r  s a n id in e  fragm en ts and 

sm a ll rounded t r a c h y te  l a p i l l i  o c c u r .

Specimen 5 /262  c o n s i s t s  b a s ic a l ly  o f a  dark  brown m e so s ta s is  in  

w hich th e r e  a re  r e l i c t s  o f  fiamme w ith  fra y e d  en d s . I t  i s  tu r b id  in  

p la n e  p o la r iz e d  l i g h t ,  i s o t r o p i c ,  and th e  fiamme a re  so n e a r ly  o f th e  

same m a te r ia l  a s  th e  groundmass t h a t  on ly  exam ination  w ith  a  low power 

o b je c t iv e  r e v e a ls  t h e i r  p re se n c e . Sm all f r e s h  fragm en ts  o f s a n id in e  

o c c u r .

In  5/ 3 2 8 , th e  fiamme and m e so s ta s is  a re  a g a in  d i s t i n c t ,  bu t th e  

g rey ish -b ro w n  m e so s ta s is  i s  f u l l  o f  s t r e a k s  and in c lu s io n s  o f  fiamrae- 

l i k e  m a te r ia l  which h a s  undergone s p h e r u l i t i c  r e c r y s t a l l i s a t i o n .  The 

s t r e a k y  te x tu r e  i s  v e ry  w e ll m arked. The o n ly  c r y s t a l  in c lu s io n s  a re
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s a n id in e ,  g e n e ra l ly  su b h e d ra l,  rounded and embayed. T ra c h y tic  l a p i l l i  

a l s o  o c c u r .

The fo u r  specim ens above th u s  d is p la y  q u i te  s ig n i f i c a n t  t e x t u r a l  

v a r i a t i o n s .  I t  becomes ap p a re n t t h a t  th e re  may be no s in g le  s o lu t io n  

f o r  th e  'ig n im b r i te  p rob lem ’ , bu t th a t  more th a n  one p ro c e ss  i s  

o p e ra t iv e  oven in  a  s in g le  v e n t a t  d i f f e r e n t  t im e s .

(b ) Welded Tuff Associated with the Tumungir Basalts

T his  o ccu rs  on Tumungir U dei, p ,5 5 , b enea th  th e  b a s a l t  la v a .  I t  

i s  o n ly  1 .5  m. t h i c k ,  and i s  w elded in  th e  c e n t r a l  p o r t io n .  In  hand 

specim en, i t  i s  dark  g re y , f in e - g r a in e d ,  com pact, w ith  a  f a i n t  s t r e a k y  

t e x tu r e .  In  th i n  s e c t io n ,  5/ 2 7 7 » s p a rs e  in c lu s io n s  o f  s a n id in e  and 

a l t e r e d  la v a  occur i n  a  brow nish  a l t e r e d  groundm ass.

(c )  Welded T u ffs  i n  th e  Kiddeh Group

The r e l a t io n s h ip s  o f  w elded t u f f s  to  th e  v o lc a n ic  e d i f i c e  becomes 

more ap p a re n t i n  younger fo rm a tio n » , which a re  more l i k e l y  to  be 

p re se rv e d  com ple te .

In  th e  c e n t r a l  zone o f  th e  Eibkwo Complex, th e re  a re  no w elded 

t u f f s .  They o n ly  o ccu r on th e  f la n k s .  I t  h a s  been su g g es ted  by 

G ibson (1970, p ,109 ) t h a t  t h i s  i s  because  w elded t u f f s  a re  n o t d e p o s ite d  

n e a r  t h e i r  so u rc e , bu t flow  down th e  f la n k s  b e fo re  coming to  r e s t .  In  

t h i s  c a s e ,  th e y  may even th ic k e n  d i s t a l l y ,  bu t t h i s  was n o t n o tic e d  in  

th e  p re s e n t  a r e a .

Even i n  th e  Eibkwo Complex, how ever, th e r e  i s  a  marked asymmetry 

i n  th e  d i s t r i b u t i o n  o f  w elded t u f f s .  N early  a l l  th o se  t h a t  p re -d a te  

th e  L o k i te t  u n i t  o ccu r i n  th e  n o r th e rn  f la n k s .  I t  i s  su g g es ted  th a t  

t h e i r  d i r e c t io n  o f e ru p tio n  was c o n t r o l le d ,  and th a t  th e  vo lcano  had 

an in h e re n t  ten d en cy  to  asym m etry. T h is  i s  f u r th e r  r e f l e c t e d  i n  th e  

f a c t  t h a t  th e  L o k i te t  u n i t  o ccu rs  on th e  n o r th e rn  edge o f  th e  c e n t r a l
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zone, and th a t  th e  K ariam angro C a ld era  o ccu rs  in  tu r n ,  n o r th  o f  th e  

L o k i te t  u n i t .

Of th e  K afkandal Complex, on ly  th e  c e n t r a l  zone has su rv iv e d  

e ro s io n ,  and w elded t u f f s  a re  n o t common.

Welded t u f f s  a ls o  occu r in  th e  Nasaken and K ach ila  V o lc a n ic s .

Those specim ens examined show c o n s id e ra b le  v a r i a t io n  in  hand 

specim en . G e n e ra lly , th e y  a re  g re e n ish  o r p u r p l i s h .  Fiamrae a re  up 

to  3 cm. long  (5 /5 )  o r on ly  o ccu r a s  sm a ll th i n  s t r e a k s  ( 3 / l 8 4 ) .

In  5/5» th e y  have f ra y e d  te rm in a t io n s ,  and a re  d a rk e r th a n  th e  

m e s o s ta t is ,  which h as  a  s t r e a k y ,  f in e ly  banded appearance  i t s e l f .

The m e so s ta s is  i t s e l f  v a r ie s  from f in e  g ra in e d  bu t n o t a p h a n i t ic  

( 5/ 2 2 ) t o  f l i n t y  and compact ( 5/ 205 ) .

In  t h i n  s e c t io n  th e s e  ro c k s  show s i m i l a r i t i e s  to  th o se  from th e  

Tugen H i l l s  Group. I t  i s  p roposed  th e r e f o r e  to  d e a l on ly  w ith  s e le c te d  

f e a tu r e s  o f  th e s e  w elded t u f f s  i n  th i n  s e c t io n .

In  g e n e ra l ,  s p h e r u l i t i c  secondary  c r y s t a l l i s a t i o n  i s  uncommon. I t  

o ccu rs  n o t i n  th e  m e so s ta s is ,  b u t i n  l a r g e r  fiamme and in  some in c lu 

s io n s ,  and u s u a l ly  c o n s i s t s  on ly  o f  d iv e rg e n t c l u s t e r s  o f  f e ld s p a r  (? )  

n e e d le s  w hich have n u c le a te d  on th e  w a lls  o f what a re  ta k e n  to  be 

c o l la p s e d  b u b b le s .

Specimen 3 / l8 4  h as  s u f f e r e d  l e a s t  from th e  e f f e c t s  o f r e c r y s 

t a l l i s a t i o n .  The fiamme a re  seen  to  be y e llo w ish  and c l e a r  i n  p lan e  

p o la r i s e d  l i g h t ,  bu t to  c o n s is t  o f an a g g re g a te  o f g ra n u la r  secondary  

m in e ra ls  betw een c ro s se d  p o la r s .  They a re  p o ro u s , and have flam y 

ends and a  s t r e a k y  t e x tu r e ,  and a re  in f e r r e d  to  be c o lla p se d  pum ice, 

P la te  XXXII.

The m e so s ta s is  i s  a  d a rk e r  brow nish c lo u u r , and has a  w e ll p re 

se rv ed  c l a s t i c  t e x tu r e .  The c l a s t s  a re  l e s s  th a n  0 ,3  mm. a c ro s s ,  a re  

more o r  l e s s  equan t to  th i n  and c u rv in g  o r  h o r n - l ik e .  There a re
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numerous frag m en ts  o f  s a n id in e ,  a few o f g reen  c lin o p y ro x en e  a l t e r i n g  

to  fe r ru g in o u s  m a te r ia l ,  and s im i la r ly  a l t e r e d  t r a c h y t ic  l a p i l l i ,  up 

to  1 .5  mm. a c r o s s .  The sa n id in e  fragm en ts  have p a r a l l e l  (010?) fa c e s ,  

bu t b roken , i r r e g u l a r ,  u n re so rb ed  te rm in a t io n s .

In  5 / 5 j some o f th e  t r a c h y t i c  in c lu s io n s  a re  q u i te  f r e s h ,  w ith  

u n a l te r e d  a e g i r in e  and a r f v e d s o n i te .  The c r y s t a l  fragm en ts a re  

s a n id in e ,  co m p le te ly  a n h e d ra l,  w ith  concavoconvex o u t l in e s  cind sh a rp , 

c u sp a te  p r o je c t io n s ,  and a e g i r in e  a u g i te .  Both a re  u s u a l ly  u n a l te r e d ,  

bu t th e  f e ld s p a r s  a re  o c c a s io n a lly  c lo u d ed , due, i t  i s  in f e r r e d ,  to  

h y d ro th e rm al a l t e r a t i o n .

The f i e l d  c h a r a c t e r i s t i c s  o f th e  w elded t u f f s  in  th e  Kiddeh Group 

a re  a s  fo llo w s : They a re  from 6 f t .  ( 2 m . )  to  60 f t .  ( I 8 m.) t h i c k .

They a re  u s u a l ly  w elded th ro u g h o u t t h e i r  v e r t i c a l  e x te n t ,  but th e  to p  

i s  o f te n  l e s s  w elded th a n  th e  b a s e . T here i s  u s u a l ly  a  th i n  cavernous 

ru b b ly  zone a t  th e  base  -  in d i c a t iv e  o f  a nuée a rd e n te  o r ig in  a cc o rd in g  

to  most a u th o r s .  They o f te n  develop  colum nar j o i n t in g ,  which th e n  

u s u a l ly  ex ten d s  from th e  base  to  th e  to p  o f  th e  u n i t .  They ex tend  

l a t e r a l l y  fo r  a t  l e a s t  10 km. (W.T, 1 , Eibkwo Complex).

They may occu r anywhere in  th e  lo c a l  s u c c e s s io n , i n t e r c a l a t e d  in  

t r a c h y te s ,  t h i c k  pumice t u f f s ,  o r su c c e s s io n s  composed o f  b o th . I t  

a p p e a rs  th e n , s in c e  th e  e ru p tio n  o f w elded t u f f  depends on p re s s u re  

c o n d it io n s  in  th e  c o n d u it ,  th e s e  a re  l i a b l e  to  sudden change, and th a t  

r e g u la r  e ru p t iv e  c y c le s  do n o t occu r in  th e  p re s e n t  a r e a .

7 . Non-welded P y r o c la s t ic  Eocks

In  t h i s  s e c t io n ,  th e  te rm s p y r o c la s t i c ,  e p i c l a s t i c ,  v o lc a n ic  

and sed im en ta ry  a re  u sed  i n  th e  sen se  d e f in e d  by F is h e r  ( I 9 6 6 , 

p p .287- 2 9 8 ) and th e  American G eo lo g ic a l I n s t i t u t e  ( 196O, a  & b) a s  

f o l lo w s : -
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P y r o c la s t i c : p e r ta in in g  to  ro c k s  in  which th e  c l a s t i c  

fragm en ts  a re  produced d u rin g  th e  e ru p tio n  o r e je c t io n  o f 

m a te r ia l  from a vo lcano  o r o th e r  v o lc a n ic  v e n t .

E p i c l a s t i c : p e r ta in in g  to  ro ck s  in  which th e  c l a s t i c

fragm en ts  a re  d e r iv e d  from o ld e r ,  a lre a d y  e x i s t in g  

ro c k s .

V o lc a n ic : p e r ta in in g  to ,  produced by (& c.) a  v o lcan o ,

c r a t e r  o r o th e r  e ru p tiv e  v e n t ,  o r v o lc a n ic  a g e n c ie s  (Am.

G e o l . ln s t .  1960a, p . 3 1 5 ).

S ed im en ta ry : p e r ta in in g  to  o r produced by (& c.) s o l id  

m a te r ia l  i n  su sp e n s io n , o r t r a n s p o r te d  in  a  f l u i d  medium 

and which h as  come to  r e s t  (A m .G eo l.ln s t. 1960b, p .5 9 ) .

A " p y r o c la s t ic  san d sto n e"  i s  th u s  d i s t i n c t  from a  "v o lc a n ic  

sa n d s to n e " , which h as  a  much l e s s  r e s t r i c t e d  m eaning. D i f f i c u l t i e s  

i n  nom encla tu re  a r i s e  when p y r o c la s t ic  and e p i c l a s t i c  g ra in s  become 

m ixed, p a r t i c u l a r l y  when th e y  a re  o f  th e  same co m p o sitio n , a s  in  a 

v o lc a n ic  a r e a .  F is h e r  ( o p ,c i t . )  l i s t s  seven d i f f e r e n t  schemes fo r  

g r a in  s iz e  l i m i t s .  The p re s e n t w r i t e r 's  te rm s a re  m ain ly  f i e l d  

te rm s , and a re  g iv en  below .

G rain  s iz e  C la s t  Rock Name

c .  30  mm. and B lock A gglom erate, B re c c ia
over

Between c .  2 ram. L a p i l lu s  L a p i l l i s to n e  L a p i l l i - t u f f s
& 30 mm. have ro u g h ly

c .  2 mm. and Ash P a r t i c l e  T u ff q u ^ t i t i e s
l e s s and a s h .

(a.) A gg lom era tes . The b lo c k s  a re  g e n e ra l ly  su b -a n g u la r , g rad in g  

in to  a  b r e c c ia  w ith  in c re a s in g  a n g u la r i ty .  They may be in  m utual 

c o n ta c t ,  o r  s e p a ra te d  by th e  m a tr ix .  The l a t t e r  co rresp o n d s  to  a  

l a p i l l i - t u f f  i n  most c a s e s .  I f  th e  b lo c k s  make up l e s s  th a n  about 

30^  by volum e, th e  ro ck  i s  r e f e r r e d  to  a s  an ag g lo m era tic  t u f f .

A gglom erates a re  n o t abundant i n  th e  p re s e n t  a r e a .  They occu r
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l o c a l l y  in  th e  K ap ch erera t F orm ation  e a s t  o f th e  basement a rc h  a s  

a g g lo m era tic  t u f f s ,  c o n s is t in g  o f  b lo c k s  o f b a s a l t  in  a  m a trix  composed 

o f b a s a l t  c in d e rs  and a sh .

A gglom erates and a g g lo m era tic  t u f f s  occur in  th e  Tugen H i l l s  Group, 

up to  40 f t ,  (12 m.) th i c k ,  a s s o c ia te d  w ith  th e  to p  o f  th e  S ig a tg a t  

H i l l  complex f la n k  d e p o s its  and th e  a d ja c e n t L elg rong  T u ffs , and a ls o  

a t  th e  base  o f  th e  L elg rong  T u f fs ,  where th e y  o v e r l i e  th e  Kapkaru 

V o lc a n ic s . They ta k e  th e  form o f  la rg e  su b -a n g u la r  b lo c k s  o f  t r a c h y -  

p h o n o l i t ic  la v a  in  a  tu f fa c e o u s  m a tr ix .  They te n d  to  te rm in a te  

a b r u p t ly .  An ag g lo m e ra tic  h o r iz o n  i s  p re s e n t in  th e  Cheptuim et 

T ra c h y p h o n o lite , bu t was no t examined in  th e  f i e l d .

A v e n t agg lom era te  form s th e  h i l l  Kelan (sq u a re  2 ? 4 l ) .  I t  i s  

a  v e r t i c a l ,  p ip e - l ik e  body 13OO f t .  (4^0 m.) in  d ia m e te r , c u t t in g  

th e  L elg rong  T u f f s .  I t  c o n s i s t s  o f b o u ld e rs  and b lo c k s  o f t r a c h y te ,  

t r a c h y p h o n o li te  x e n o l i th s  and b a s a l t  in  a tu f fa c e o u s  m a tr ix .  L a rg e r 

o u tc ro p s  o f la v a  a re  p ro b ab ly  dykes l a t e r  th a n  th e  ag g lo m era te . 

A gglom erates a re  uncommon e lsew here  in  th e  Tugen H i l l s  Group, but 

o c c a s io n a l ag g lo m e ra tic  t u f f s  occur in  th e  Kapkaru V o lcan ics  and 

Karaeiyun V o lc a n ic s , p a r t i c u l a r l y  i n  th e  l a t t e r .  The b lo c k s  a re  u s u a l ly  

la v a ,  bu t a t  323463 a re  a  b la c k  g la s s ,  3/333»

B a s a l t ic  ag g lo m era tes  occu r i n  th e  T ir io k o  B a s a l ts  n o r th  o f  

1 °2 2 'N . They c o n s is t  o f  s p in d le  bombs v a ry in g  from 2 cm. to  1 ra. 

a c ro s s ,  i n  a  b lu i s h  o r  mauve c in d e ry  m a tr ix .  The bombs make up 2 3 /-  

73/  o f  th e  volum e. S im ila r  d e p o s its  occu r a t  Mechwet, Kapusyuin and 

T o rk o i t ,  p .42 and F ig .  23 .

A gglom erates a re  n o t uncommon i n  th e  Kiddeh Group, p a r t i c u l a r l y  

form ing th e  b a s a l  f a c i e s  o f pumice l a p i l l i  t u f f s ,  and p a ss in g  sm oothly 

up in to  even ly  s o r te d  l a p i l l i  t u f f s .  T h is  i s  in f e r r e d  to  be a  form 

o f g rad ed  bed d in g . P la te  XXXHI shows such a b a s a l  ag g lo m era tic  f a c i e s  

a.t 7 3 3 5 3 8 * E lsew here , th e y  occu r a s  h o r iz o n s  w ith in  t u f f  sequences.



P la te XXüJi. Air foil tuff with agglomerotic bas e ,733538.
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i n  th e  L o k i te t  C ra te r  u n i t  o f  th e  Ribkwo Complex, and a t  s c a t t e r e d  

l o c a l i t i e s  i n  th e  K arianam ani t u f f s  o f th e  K ach ila  V o lc a n ic s .

The la h a r s  and la d u  in  th e  Kariam angro C a ld e ra  u n i t ,  p .64, a re  

g e n e t ic  te rm s fo r  s p e c ia l  ty p e s  o f  ag g lo m era te , and a re  d e sc r ib e d  in  

t h a t  s e c t io n ,

(b ) L a p i l l i s to n e s  c o n ta in  a t  l e a s t  c.?5% by volume o f l a p i l l i .

The l a p i l l i  can be e i t h e r  l i t h i c  o r pum ice, and a re  most commonly

th e  l a t t e r ,  though  bo th  in v a r ia b ly  o c c u r . Most o f th e  th i c k  sequences 

o f p y r o c la s t ic s  in  th e  p re s e n t a re a  a re  l a p i l l i  t u f f s ,  bu t w ith in  

th e s e ,  h o r iz o n s  and d isc o n tin u o u s  bands o f  l a p i l l i s t o n e  can o c c u r.

However, d i s c r e t e  h o r iz o n s  o f p u m ic e - la p i l l i s to n e  occur in  th e  

A g ib e lb e l beds ( q .v . ,  p . 8 2 ) . At l e a s t  th r e e  bands, 1 3 -2 0  cm. th ic k ,  

occu r c o n s is t in g  a lm ost e n t i r e l y  o f g rey  pumice l a p i l l i  up to  1 .3  cm. 

in  d ia m e te r . They a re  v e ry  p o o rly  c o n s o lid a te d , f o r  which ty p e  o f  

d e p o s it  th e  te rra  l a p i l l i - g r a v e l  i s  p roposed .

(c )  L a p i l l i - T u f f s  a re  d e f in e d  by F is h e r  ( o p .c i t . ,  p .292) a s  

" m ix tu re - ro c k s " , th e  r a t i o  o f l a p i l l i  to  ash  in  which "depends upon 

th e  p re ju d ic e s  o f th e  in d iv id u a l"  ( o p .c i t . ,  p . 2 9 3 )» In  th e  p re s e n t  

a r e a ,  a  l a p i l l i - t u f f  c o n ta in s  from c . 23% to  c,73% o f  l a p i l l i ,  i n  a  

f i n e r  g ra in e d  tu f fa c e o u s  m a tr ix .  B locks a ls o  o ccu r, b u t a re  u s u a l ly  

i s o l a t e d .

T h is  k in d  o f p y r o c la s t ic  i s  common in  th e  p re s e n t a r e a ,  e s p e c ia l ly  

i n  th e  Tugen H i l l s  Group and Kiddeh Group, In  them , th e  commonest 

l a p i l l i  a r e  pum ice, bu t a lm ost a lw ays, from 10^  to  30^  o f th e  l a p i l l i  

a re  l i t h i c ,  e i t h e r  p h o n o l i t ic  and t r a c h y t i c  (3 /426  from th e  L elg rong  

T u f f s ) ,  s y e n i t i c  cognate  x e n o l i th s  (3/234B , from th e  L elgrong  T u f f s ,

3 /4  from th e  Eibkwo Complex, see  below ), o r a c c id e n ta l  x e n o l i th s ,  such 

a s  th e  b a s a l t  l a p i l l i  low down i n  th e  K ap arerr v o lc a n ic s  a t  232494.

Pumice l a p i l l i  a r e  u s u a l ly  a l t e r e d  to  a  w h it is h  m a te r ia l ,  t u r b id
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and opaque in  t h i n  s e c t io n .  O c c a s io n a lly , th e y  rem ain  f r e s h ,  a s  in  

5/ 1 6 0 , from th e  K ach ila  V o lc a n ic s , in  which puraiceous i s o t r o p i c  

yellow  g la s s  o c c u rs , w ith  p e r l i t i c  t e x tu r e .

U b iq u ito u s ly  p re s e n t a re  in c lu s io n s  o f c r y s t a l s ,  u s u a l ly  s h a rp ly  

a n g u la r  and u n re so rb e d . These a re  most commonly s a n id in e ,  which o ccu rs  

in  a l l  l a p i l l i - t u f f s  and t u f f s  in  th e  Tugen H i l l s  and Kiddeh G roups.

The a n g u la r i ty  i s  ta k e n  to  in d ic a te  an e x p lo s iv e  o r ig in .  O ther c r y s t a l  

in c lu s io n s  a re  b i o t i t e  in  l a p i l l i - t u f f s  from th e  Tugen H i l l s  Group 

(5 /3 5 6  from th e  S idekh P h o n o li te s ,  5 /429  from th e  L elg rong  T u f f s ) ;  

a n o r th o c la s e  (5 /5 1 4 , Kameiyun V o lc a n ic s ) ; g reen  c lin o p y ro x en e  

(5/ 1 6 0 , K ach ila  V o lc a n ic s ) ; and p la g io c la s e  (5 /4 2 6 , L elg rong  T u f f s ) .

The l a t t e r  i s  p re s e n t  a s  r a r e  g ra in s  in  many o f  th e  p y r o c la s t ic s  in  

th e  Tugen H i l l s  Group, and though i t  i s  n o t seen  in  any o f th e  la v a s ,  

i t  may form a t  d ep th  a s  a  t r a n s i t i o n a l  p h ase .

In  hand specim en, th e  m a jo r ity  o f th e s e  ro ck s a re  w h ite  o r  cream 

in  c o lo u r ,  and m o d era te ly  c o n s o lid a te d .

In  th e  f i e l d ,  th e y  a re  r a r e l y  s t r u c t u r e l e s s .  They a re  n e a r ly  

alw ays bedded i n  u n i t s  from 6 i n s .  to  6 f t .  (15  cm. to  2 m.) t h i c k .  

G rading i s  som etim es shown, th e  p e rc e n ta g e  o f  l a p i l l i  d im in ish in g  

upw ards. I n te r f a c e s  between s u c c e s s iv e  u n i t s  a re  g e n e ra l ly  u n ifo rm , 

bu t a re  som etim es c h a n n e lle d , a s  in  th e  K arianam ani t u f f s ,  in d ic a t in g  

a  lo n g e r  q u ie sc e n t p e r io d .  There may a ls o  be th i n  in te r le a v in g s  o f 

f i n e r  g ra in e d  t u f f s ,  som etim es c lo s e ly  la m in a te d . Such d e p o s its  occu r 

around  L e lg ro n g , and in c lu d e  pu re  w h ite  paper s h a le s .  Such f in e  

g ra in e d  d e p o s i ts  \-d.th good la m in a tio n  may have been d e p o s ite d  in  

tem porary  la k e s  a s  th e  f i n e r  ash  s e t t l e d .  Specimen 5 /544 from 522452 

was exam ined f o r  d ia to m s, bu t none were found . S im ila r  d e p o s its  in  

th e  K ariam angro C a ld e ra  a t  7^2412 show slump f o ld s ,  in d ic a t in g  an 

aqueous env ironm en t. Slump fo ld s  a ls o  occur low in  th e  L o k ite t  

C ra te r  u n i t .
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W alker and C ro asd a le  (1971» p p .1 -4 5 ) , in  a  s tu d y  o f l a p i l l i  t u f f s  

in  th e  A zores, have a t t r i b u t e d  f in e  g ra in e d  in t e r c a l a t i o n s  o f  v a ry in g  

th ic k n e s s  n o t on ly  to  v a r i a t io n s  i n  th e  fo rc e  o f  e ru p t io n ,  c l im a t ic  

c o n d it io n s  e t c , ,  bu t to  "base  su rg e " , and p o s tu la te  th a t  th e y  a re  

p y r o c la s t ic  flo w s , and no t a i r f a l l  d e p o s i t s .  No such d e p o s its  show 

w eld in g , how ever, a lth o u g h  th e y  c o n ta in  ca rb o n ized  t r e e  rem ain s , 

in d ic a t in g  a  h ig h  te m p e ra tu re  d u rin g  t h e i r  em placem ent. Welded t u f f s  

o c c u rr in g  i n  l a p i l l i - t u f f  sequences i n  th e  p re s e n t  a r e a ,  e .g .  th e  

K arianam ani t u f f s ,  L o k i te t  C ra te r  u n i t ,  may s im i la r ly  be th o u g h t o f 

a s  base  su rg e  e ru p t io n s ,  r e p re s e n t in g  changing c o n d it io n s  o f p re s s u re  

and r a t e  o f su p p ly  o f magma in  th e  c o n d u it .  Moore ( I 9 6 7 , p p .556-5^5)» 

how ever, commenting on base su rg e  d e p o s its  in  th e  P h i l ip p in e s ,  

e s t im a te s  t h e i r  emplacement te m p era tu re  a t  l e s s  th a n  100°C.

An u n u su a l v a r i e ty  o f l a p i l l i - t u f f  i s  th e  r a i n  drop l a p i l l i - t u f f  

observ ed  a t  in f r e q u e n t  i n t e r v a l s  in  th e  L elg rong  T u ffs  (5 /451  from 

252471 ) ,  and th e  Ribkwo Complex, a t  7^0410. Tlie l a p i l l i  a re  ovo id , 

up JO 1 cm. lo n g , and c o n s is t  o f t h in  f in e  g ra in e d  hollow  s h e l l s ,  

f i l l e d  w ith  c o a r s e r  g ra in e d  t u f f .  They a re  c o n s id e re d  to  be formed 

when r a i n  f a l l s  tlirough  an ash  c lo u d . W alker ( o p .c i t . ,  p .47) m entions 

" a c c re t io n a ry  l a p i l l i "  in  c o n n ec tio n  w ith  r a in  f lu s h in g ,  which a re  

p o s s ib ly  s im i la r .

The s y e n i t i c  x e n o l i th s  r e f e r r e d  to  above d ese rv e  s p e c ia l  m en tion . 

They a re  rounded b lo c k s  from 1 cm. to  0 .5  m. a c ro s s ,  g e n e ra l ly  v e ry  

l e u c o c r a t i c ,  and v a ry in g  from f in e  to  c o a rse  g ra in e d . In  t h in  s e c t io n ,  

th e y  a re  seen  to  c o n s is t  p r in c ip a l ly  o f  p e r t h i t i c  f e ld s p a r ,  a l k a l i  

am phibole and a e g i r in e .

Specimen 5/254B from th e  L elgrong  T u ffs  d i f f e r s  from such xeno

l i t h s  from th e  Kiddeh Group in  t h a t  i t  c o n ta in s  n e p h e lin e . I t  a l s o  

c o n ta in s  abundant i n t e r s t i t i a l  an a lc im e , r e f l e c t i n g ,  i t  i s  b e l ie v e d , 

th e  in h e r e n t ly  more u n d e r s a tu ra te d  c h a ra c te r  o f  th e  Tugen H i l l s  Group,
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The o th e r  m in e ra ls  p re s e n t a re  p e r t h i t i c  f e ld s p a r ,  a c i c u la r  a e g i r in e  

i n  r a d i a l  c l u s t e r s ,  and a  g re e n -b lu e  p le o c h ro ic  am phibole, w ith  

2V(+) c ,6 0 ° -7 0 ° , a l i t t l e  r e d d is h  brown b i o t i t e  i s  p r e s e n t ,  and a 

go lden  yellow  p r is m a tic  a c c e s so ry  m in e ra l, p o s s ib ly  iR v e n ite  o r a 

r e l a t e d  m in e ra l.  Specimen 5/34-5 i s  a f in e  g ra in e d  s y e n i t i c  x e n o l i th ,  

which c o n ta in s  abundant sm a ll subhedra  o f brown am phibole.

Many o f th e  specim ens from th e  Ribkwo Complex have a cumulo- 

p h y ric  t e x tu r e ,  in  which th e  ro ck  i s  form ed la r g e ly  o f  su b h ed ra l 

f e ld s p a r s ,  w ith  i n t e r s t i t i a l  m a fic s . Such x e n o l i th s  a re  o f te n  n o t 

v e ry  com pact. An example i s  5 /4 i i ,  composed e s s e n t i a l l y  o f p e r t h i t i c  

f e ld s p a r  and g re e n -g re e n is h  yellow  p le o c h ro ic  a e g i r in e .  N ep h e lin e , 

b i o t i t e  and am phiboles a re  a b s e n t .  Such x e n o l i th s  a re  abundant i n  

th e  L o k i te t  and K ariam angro u n i t s  o f  th e  Ribkwo Complex, bu t a l s o  occur 

e lsew h ere  i n  th e  com plex, and in  o th e r  com plexes i n  th e  Group. They 

on ly  occu r v e ry  r a r e l y  i n  la v a s ,  where th e y  have a  s im i la r  m inera logy  

(5/ 2 9 ) .  C om positions o f  an a ly se d  m in e ra ls  from 5 /4 i  a re  g iven  in  

C hap ter 6 .

I t  i s  c o n s id e re d  th a t  th e s e  c o a rse  g ra in e d  x e n o l i th s  co u ld  be 

d e r iv e d  i n  e i t h e r  o f  two ways:

( i )  A t r a c h y t i c  magma s o l i d i f i e s  a t  d ep th  to  s y e n i te ,  and i s  

su b se q u e n tly  in c o rp o ra te d  a s  a c c id e n ta l  x e n o l i th s  in  an e ru p tin g  

magma. Such x e n o l i th s  would have a compact t e x tu r e ,  and may y ie ld  

" h ig h -p re s s u re  p h ases"  such a s  brown am phibole.

( i i )  A t r a c h y t i c  magma a t  h ig h  le v e l s  undergoes f r a c t io n a t io n  so 

th a t  a  "scum" o f  f e ld s p a r  c r y s t a l s  form s, to  be in c o rp o ra te d  i n  th e  

p ro d u c ts  o f  e x p lo s iv e  e ru p t io n .  A c e r t a in  p ro p o r tio n  o f  th e  magma 

may a l s o  s o l i d i f y  around  th e  edge o f  th e  magma cham ber, and be 

s im i la r ly  in c o rp o ra te d .

( c )  T u ffs  a re  g e n e ra l ly  a c c e p te d  a s  be ing  composed o f  in d u ra te d  

a s h . Up t o  25$  o r  so o f c l a s t s  l a r g e r  th a n  2 mm. a c ro s s  may be 

p r e s e n t ,  and u s u a l ly  a r e .
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I t  i s  n o t alw ays p o s s ib le  to  d is t in g u is h  betw een p rim ary  a i r - f a l l  

a sh  and s e c o n d a r i ly  d e riv e d  m a te r ia l .  T h is  d i f f i c u l t y  h as  la r g e ly  

been ig n o re d  in  th e  fo llo w in g  a c c o u n t.

T u ffs  a re  u s u a l ly  w e ll s o r te d .  They r e p re s e n t  th e  f i n e r  m a te r ia l  

produced d u rin g  an e x p lo s iv e  e ru p tio n , and a re  g e n e ra l ly  found p e r i 

p h e ra l  to  a  v o lc an o , way out on th e  f la n k s .  M a te r ia l  may n o t accumu

l a t e  so r a p id ly ,  and e ro s iv e  and t r a n s p o r t  a g e n ts  u s u a l ly  a f f e c t  th e  

u n c o n so lid a te d  m a te r ia l .  In  t h i s  manner, th e y  a re  o f te n  la m in a te d , 

and may show s t r u c t u r e s  such a s  slum ping (5 /6 5  from 762412); f a l s e  

bedd ing , upper A te r i r  beds, and g rad in g  (5 /4 3 0  from 241462).

T u ffs  o ccu r in  th e  K ap ch erera t F o rm ation , p a r t i c u l a r l y  w est o f 

th e  basem ent a rc h .  They a re  re d , p in k , yellow  and w h ite , w e ll la m i

n a te d  (5/ 353 ) ,  and o c c a s io n a lly  c ro ss -b ed d ed , and w e ll s o r te d .  They 

a re  g e n e ra l ly  s i l t y  to  f in e  sand g rad e , bu t f i n e r  g ra in e d  la m in a te d  

t u f f s  w ith  a  b r ic k  re d  c o lo u r  (5/ 3 6 7 ) a re  in t e r c a l a t e d  a t  073460. At 

th e  b a se , th e r e  i s  a  v a r ia b le  adm ix tu re  o f  e p i c l a s t i c  basem ent m a te r ia l ,  

i n  !;he form o f q u a r tz  g r a in s  from 2 cm. down to  l e s s  th a n  O.5  cm. in  

s iz e  ( 5/ 355 ) « E a s t o f  th e  a rc h , th e  t u f f s  a re  b lu is h  in  c o lo u r ,  and 

have a  h ig h e r  p ro p o r t io n  o f c in d e rs  and l a p i l l i .

In  th e  Tugen K i l l s  Group, t u f f s  a re  p re s e n t  in  th e  L elg rong  T u ffs  

(5/ 3 4 4 ) ,  th e  Kameiyun V o lcan ics  (5 /3T 4 , 5 /3 4 5 ) , and in  th e  K ap are rr 

and S ig a tg a t  H i l l  v o lc a n o e s . They a re  u s u a l ly  w h ite , la m in a te d , and 

c o n ta in  v a ry in g  p ro p o r t io n s  o f pumice l a p i l l i ,  l i t h i c  l a p i l l i ,  g la s s  

l a p i l l i  and b lo c k s  (5/ 3 3 5 ) ,  o c c a s io n a l r a in  drop l a p i l l i  (5/ 2 3 6 ) ,  and 

a n g u la r  c r y s t a l  frag m en ts  in c lu d in g  s a n id in e , a n o r th o c la s e  (5 /3 1 4 ) ,  

and b i o t i t e  (5 /3 3 4 ) .  T u ffs  a ls o  occu r i n  th e  Chepkoi T u f f s ,  i n t e r 

c a la te d  w ith  th e  pumice l a p i l l i - t u f f s .

T u ffs  a re  a b se n t from th e  T ir io k o  B a s a l ts ,  bu t a re  p re s e n t  i n  th e  

Kiddeh G roup. They v a ry  i n  hand specim en from c o a rse  g ra in e d , w ith  

up to  c,25% o f  pumice and l i t h i c  l a p i l l i  (5 /7 2 , K ach ila  V o lcan ic s )
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to  v e ry  f in e  g ra in e d  (5/79» Kariam angro C a ld e ra ) .  They a re  u s u a l ly  

com pact, la m in a te d  and sometimes show ev idence o f subaqueous d e p o s it io n , 

They a ls o  show a  v a r ie ty  o f t e x tu r e s  in  th i n  s e c t io n .  Specimen 

5 /7 2  ( 791458 ) p re s e rv e s  a v e ry  good v i t r o c l a s t i c  t e x tu r e .  The i n d i 

v id u a l  sh a rd s  a re  ro u g h ly  0 ,1  mm. to  0 .2  mm. a c ro s s ,  w ith  c u sp a te  

o u t l in e s .  They a re  co m p le te ly  d e v i t r i f i e d ,  opaque and brown, w ith  

im p e rfe c t s p h e r u l i t i c  t e x tu r e .  L arg e r c l a s t s  o f pum ice, l i t h i c  

m a te r ia l  and s a n id in e  frag m en ts  a re  a ls o  p r e s e n t .

Specimen 5 /275  (704576) i s  much f in e r  g ra in e d . I t  c o n s is ts  o f 

a  m ic ro g ra n u la r  y e llo w ish  m a tr ix , in  which no s e p a ra te  p a r t i c l e s  a re  

d is c e r n ib le ,  and which ap p ea rs  to  be comminuted a sh . Numerous v e ry  

sm a ll s a n id in e  frag m en ts  o ccu r, to g e th e r  w ith  l a r g e r  fragm en ts  o f 

s a n id in e  and a n a l c i t i z e d  t r a c h y te  up to  1 mm. a c ro s s .

Specimen 5 /7 9  (759401) i s  one o f  th e  f i n e s t  g ra in e d  t u f f s  seen .

I t  h as  a  brow nish tu r b i d  m e so s ta s is  i n  which a re  m inute fragm en ts 

o f  f e ld s p a r  and ( a e g i r in e ) - a u g i t e .  I t  h as  a  la m in a tio n  d e fin e d  by 

o c c a s io n a l t h i n  bands o f  t r a c h y te  g r a in s  up to  ram. a c r o s s .  I t  i s  

g re y is h  i n  hand specim en, and i t s  f i e l d  r e l a t i o n s  in d i c a te  t h a t  i t  i s  

a  tem porary  la k e  d e p o s i t .

O ther v a r i e t i e s  o f t u f f s  a re  c r y s t a l  t u f f s  such a s  5 /258  (704589) 

i n  w hich numerous s a n id in e s ,  bo th  whole and fragm en ted , occur in  a 

y e llo w ish  f r i a b l e  tu f f a c e o u s  m a tr ix .  Specimen 5 /551  (7 2 4 6 ll)  i s  

s im i la r ,  bu t a l l  th e  s a n id in e  i s  fragm en ted , and numerous sm all squ are  

m a g n e tite  c r y s t a l s  abou t 0 .2  ram. a c ro s s  a ls o  o ccu r, P la te  XXXIV.

8 . E p ic la s t i c  Sedim ents

These a re  p re s e n t  i n  most fo rm a tio n s  to  some e x te n t ,  b u t on ly  

r a r e l y  a r e  th e y  s t r a t i g r a p h i c a l l y  s i g n i f i c a n t .  In  most c a se s  th e y  

c o n s is t  o f  rew orked v o lc a n ic  m a te r ia l ,  and a re  re c o g n iz e d  a s  e p i

c l a s t i c  n o t under th e  m icroscope, bu t by t h e i r  f i e l d  r e l a t i o n s .  They
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a r e  d is c u s se d  below in  s t r a t i g r a p h ie  o rd e r ,

(a )  Turkana G r i t s . These a re  com prised m ain ly  o f p eb b les  and 

sand  g rade  m a te r ia l  d e r iv e d  from th e  basem ent. In  th e  C h e p k ir ia l  

R iv e r (186522) p eb b les  o f b a s a l t  o ccu r, and a t  o th e r  l o c a l i t i e s  th e  

m a tr ix  i s  in  p a r t  an a l t e r e d  p u rp le  m a te r ia l ,  p o s s ib ly  a l t e r e d  a sh . 

O ther common m a tr ix  m in e ra ls  a re  c a l c i t e  and ch a lced o n ic  s i l i c a ,

(b ) K ap ch erera t F o rm atio n , West o f th e  basem ent a rch  i s  th e  Kei 

Pa So s a n d s to n e . I t  i s  f in e  g ra in e d  (0 .2  mm. -  2 mm.), bedded in  

u n i t s  o f  c«5 f t .  ( l  m .) , and composed m ain ly  o f basem ent q u a r tz  

g r a in s  and c h a lced o n ic  s i l i c a  (5 /3 7 3 ) , which h as  embayed th e  q u a r tz  

g r a in s .  A few f e ld s p a r  and m uscov ite  g r a in s  a ls o  o c c u r . E as t o f 

th e  basem ent a rc h , a  c a lc a re o u s  mudstone w ith  t h i n  s h e l l  rem ains 

(5/ 3 9 7 ) o ccu rs  a t  182599 .

No e p i c l a s t i c  sed im en ts  were re c o g n iz e d  in  th e  Tugen H i l l s  Group.

(c )  A dia to m i te  o ccu rs  in  th e  T ir io k o  B a s a l ts  a t  689519* I t  i s  

im p e r fe c t ly  s h a ly ,  n e a r ly  pu re  w h ite , and i s  abou t 3 f t .  ( l  m .) t h i c k .  

The d ia tom s (5 /3 0 7 ) a re  i l l u s t r a t e d  in  F ig ,  27 .

(d ) The Kiddeh Group h a s  s e v e ra l  e p i c l a s t i c  h o r iz o n s .  The most 

common a re  v o lc a n ic  sa n d s to n e s , i . e .  ro c k s  composed o f c l a s t s  from 

c . 0 ,5  mm. to  2 mm. which a re  d e r iv e d  from p r e - e x i s t in g  v o lc a n ic  ro c k s .  

In  th e  f i e l d ,  th e y  o f te n  have a  re d d is h  c o lo u r ,  a re  n o t v e ry  w e ll 

c o n s o lid a te d , and have r e d  s o i l s  a s s o c ia te d  w ith  them , e .g ,  a t  732539 , 

betw een two t u f f  u n i t s  on th e  n o r th e rn  f la n k s  o f  th e  Ribkwo V olcano.

A s im i la r  san d sto n e  occurs b en ea th  th e  K ab la ton  u n i t  a t  v a r io u s  l o c a l i 

t i e s ,  e .g .  7 26598 , where th e r e  a re  re d  s o i l s  w ith  r o o t l e t s ,  and a t  

706402. At th e  l a t t e r ,  th e  e p i c l a s t i c  h o riz o n  i s  about 5 f t . (1 .5  m ,) 

t h i c k ,  c o n s is t in g  o f  a  g r a v e l ly  san d sto n e  fo llo w ed  up by a  m o ttle d  re d  

s o i l .  At 707397 , abou t 4 f t .  (1 .2  m.) o f san d sto n e  (5 /1 1 4 ) o ccu r, 

c o n s is t in g  o f su b -a n g u la r  s a n id in e  g r a in s  from 0 .1  mm, to  5 mm. a c ro s s ,
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and rounded g r a in s  o f t r a c h y te  in  a  re d d is h  porous m a tr ix . M icro- 

g ra n u la r  secondary  z e o l i t e  (? )  o ccu p ies  pore s p a c e s .

Specimen 5 / l8 2  i s  a  v o lc a n ic  san d sto n e  from 797590, b en ea th  an 

o u t l i e r  o f N am o rto itio  T ra c h y te . I t  has a  re d d is h  c o lo u r , and i s  

w e ll la m in a te d  and s o r te d .  B esides t r a c h y te  g ra in s  and sa n id in e  

frag m e n ts , i t  c o n ta in s  rounded fragm en ts  o f f r e s h  orange g la s s ,  and 

lo s s  f r e s h  bu t s t i l l  r e a d i ly  i d e n t i f i a b l e  f l a t t e n e d  pum ice. These 

a re  th o u g h t to  be p rim ary  p y r o c la s t ic  m a te r ia l ,  and i t  i s  envigaged  

t h a t  a f t e r  th e  com ple tion  o f th e  Nasaken Complex, e ro s io n  o f i t  

s u p p lie d  e p i c l a s t i c  m a te r ia l  which became mixed w ith  pumice showers 

from Oliyaraur V olcano. The N am o rto itio  T rach y te  i s  co n s id e re d  ( p .79) 

to  be a  t r a c h y te  la v a  from th e  O liyam ur V olcano,

The d ia to m ite  i n  th e  A te r i r  beds i s  co n s id e re d  to  be e p i c l a s t i c .  

The d ia tom s (5 /5 4 ) a re  i l l u s t r a t e d  in  F ig .  72 . A d ia to m ite  such a s  

th a t  r e f e r r e d  to  g ra d e s  in to  d iatom aceous t u f f s ,  such a s  5/ 1 7 5 -

The la h a r s  in  K ariam angro C ald era  a re  a l s o  e p i c l a s t i c .  T h e ir 

form and o r ig in  a re  r e f e r r e d  to  on p .64 ,
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Relative abu nd a n ce

form  a  

form  bi
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C. l7o

FIG .7 2 .  D ia t o m s ,  A te r ir  b e d s  a t  7 6 4 5 0 1   ̂ ( 5 /5 4 ) .
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Introduction

T h is  c h a p te r  s e rv e s  to  d is c u s s  th e  ch em is try  o f  th e  la v a s  in  

th e  p re s e n t  a r e a ,  w ith o u t a tte m p tin g  to  r e l a t e  them on a r e g io n a l  

b a s i s .  The r e s u l t s  o b ta in e d  from th e  v a r i a t io n  diagram s i l l u s t r a t e  

th e  g e n e ra l e v o lu tio n  o f th e  la v a s  w ith  tim e . P ro p o sa ls  f o r  a  d i f f e r e n 

t i a t i o n  mechanism p u t forw ard  by McClenaghan ( o p .c i t . )  a re  th e n  d is c u s se d  

in  th e  l i g h t  o f ev idence  from th e  p re se n t a r e a .

1 . Rock A nalyses and N.orms

The co m p o sitio n s  o f 53 an a ly se d  la v a s  from th e  p re s e n t a re a  a re  

p re s e n te d  i n  T ab les  21 to  26 . The norms accompanying them a re  C .I.P .W , 

norm s, w ith  a  s l i g h t  m o d if ic a tio n  o f  th e  tre a tm e n t o f  TiOp in tro d u c e d  

by Weaver and M cClenaghan. The s t r a t ig r a p h ie  d i s t r i b u t io n  o f a n a ly se s  

i s  a s  fo llo w s .

(a ) K o llo a  Group: 6

(b) Tugen H i l l s  Group: 7
(c ) T ir io k o  B a s a l ts : 8

(d) Kiddeh Group: 25
(e ) Komosing Form ation : 7

The norms a re  g e n e ra l ly  th o u g h t to  be v a l id ,  excep t where th e  

ro ck  i s  w ea th e red . In  such c a s e s ,  th e  % age o f  Fe2 Û  ̂ o f te n  g r e a t ly  

exceeds t h a t  o f FeO, and norm ative  h a e m a tite  a p p e a rs , which i s  n o t 

th o u g h t to  be a  common p rim ary  m in e ra l.  Examples a re  5/110» an o liv in e -  

b a s a l t  from th e  Kamosing F o rm ation , and 5/^13» a w eathered  p h o n o li te  

from th e  T iriom im  V o lc a n ic s . High H2 O and CO2 v a lu e s  a ls o  in d ic a te  

seco n d ary  a l t e r a t i o n .

(a )  K o llo a  G roup. Most o f  th e  a n a ly se d  ro c k s , T ab le 21 , a re  s a l i c  

la v a s ,  and so no comments can be made on th e  Group a s  a w hole. From 

m ic ro sco p ic  e v id e n c e , i t  i s  e v id e n t th a t  th e re  i s  wide v a r i a t io n  in  th e



Table 21 « Compositions of lavas in the Kolloa Group

Rock No. 392 421 396 440 384 394
SiÜR 4 5 .9 4 4 5 .9 0 3 8 .7 0 3 7 .9 3 5 7 .4 4 6 1 .3 8
TiOg 2 .0 0 2 .2 2 I . l 4 1 .2 2 1 .0 9 0 .9 6
Al2 Û-.̂ 1 6 .1 3 1 2 .8 3 1 8 .0 8 1 8 .9 0 1 8 .2 1 1 8 .0 4
ForO^ 5 ,8 9 4 .0 1 3 .9 0 6 .4 9 6 .14 4 .8 0
FeO 3 .3 3 6 .7 2 0 .14 0 .0 0 0 .2 9 0 .2 3
MnO 0 .2 0 0 .1 7 0 .0 6 0 .1 8 0 . i4 0 .04
MgO 4 .6 3 9 .0 8 1 .0 1 0 .1 5 1 .7 5 0 .6 0
CaO 8 .5 3 1 2 .6 6 1 .7 6 2 .5 3 2 .2 0 1 .3 2
NapO 3 .3 9 3 .3 1 6 ,7 6 6 .6 6 6 .1 3 6 .9 0
KgÔ 2 .3 9 0 .7 6 3 .7 9 3 .3 1 4 .1 2 4 .1 9
HpO 2 .7 1 2 .3 7 2 .46 2 .1 0 1 .9 8 1 .2 8
PrO^ 0 .7 0 0 .3 3 0 .3 3 0 .6 2 0 .42 0 .3 4
CO2 0 .2 5

1 0 0 .1 1  1 0 0 .3 8  1 0 0 .1 5  1 0 0 .1 3 9 9 .9 1  100 .0 8

CIPW Norms

Qu _ 0 .5 9 2 .6 1 2 .4 5
Or 14 .12 4 .4 9 22 .40 1 9 .3 6 24.33 2 4 .7 6
Ab 2 0 .3 2 1 3 .2 2 3 7 .2 0 3 6 .3 6 5 1 .8 7 3 8 .3 9
Ne 1 3 .7 0 6 .9 3 - — - —

An 1 2 .7 6 1 7 .9 1 6 .4 5 8 .6 0 8 .1 7 4 .3 3
Fe 1 .2 9 3 .24 - - — —

Di Mg 7 .3 0 1 2 .9 1 - - - -

Ca 9 .8 1 1 7 .7 9 - - - -
_

^  Mg — — 2 .5 2 0 .37 3 .9 6 1 .4 9
m 0 .5 4 1 .8 8 — — _ —

Fo 2 .8 3 6 .8 0 — — 0 .2 8 —

Wo — — — — — —

Ac — — — _ —

Mt 8 .5 4 3 .8 1 — — - -

I I 3 .8 0 4 .2 2 0 .4 2 0 .3 8 0 .9 1 0 .57
Sph - - - - - -

Rt - — 0 .9 2 1 .0 2 0 .6 1 0 ,6 6
Ap 1 .6 2 0 .8 1 0 .8 1 1 .44 0 .9 7 0 .7 9
Cor — 0 .5 0 1 .2 1 0 .6 7 0 .57
Hm — — 3 .9 0 6 .4 9 6 .14 4 .8 0
H2 O 2 .7 1 2 .3 7 2 .46 2 .1 0 1 .9 8 1 .2 8
e t 0 .5 7 — — — — —

1 0 0 .1 1  1 0 0 .3 8  1 0 0 .1 5  1 0 0 .1 3 9 9 .9 1  100 .0 8

(5 2 0 .6 0 5 .2 1 7 .1 0 6 .6 6 7 .2 7 6 .6 9

(j g (NapO + KpO) (w t. >%ages) 
Si02 -  45

(R ittm an , 19^2, p p .109-111)
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ro ck  ty p e s  p r e s e n t .  Specim ens5 /3 9 2  and 3 /421  a re  bo th  a u g i t e - o l iv in e -  

p h y r ic  b a s a l t s  w ith  i n t e r s t i t i a l  an a lc im e . Both a re  n e p h e lin e -n o rm a tiv e , 

b u t a re  th o u g h t n o t to  r e p re s e n t  th e  "p a re n t"  K ap ch erera t Form ation  b a s a l t ,  

on accoun t o f  th e  h ig h  p ro p o r tio n  o f p h e n o c ry s ts .

The rem ain ing  ro c k s , T able 21, in c lu d e  two m u g e a ritic  la v a s ,  a 

K e i t in  in t r u s i v e  t r a c h y te ,  5 /3 8 4 , and a t r a c h y te  la v a ,  5 /3 9 4 . The two 

m u g e a r itic  la v a s ,  5 /3 9 6  and 5 /440  were i d e n t i f i e d  as  p la g io c la s e - t r a c h y te  

and tra c h y m u g e a r i te . They a re  ch em ica lly  v e ry  s im i la r ,  and s im i la r  a ls o  

to  5/ 3 8 4 , from th e  l a r g e s t  o f th e  K e it in  in t r u s i o n s .  The no rm ative  

f e ld s p a r s  in  each a re  in  ro u g h ly  th e  same p ro p o r tio n . In  5 /3 9 6 , th e re  

i s  6 . 45% n o rm ativ e  An. I f  a l i t t l e  o f t h i s  i s  accoun ted  fo r  in  a l k a l i  

f e ld s p a r ,  th e n  th e r e  rem ains c .5 « 0 ^ . I f  t h i s  i s  combined w ith  a l b i t e  

to  g iv e  o l ig o c la s e  (which occu rs  in  th e  mode, see  Table 21) o f co m position  

CoAnpQt th e n  ro u g h ly  2C^-25% o f th e  ro ck  should  be o l ig o c la s e .  However, 

o l ig o c la s e  p h e n o c ry s ts  account fo r  l e s s  th an  5/  o f th e  ro ck , and i t  i s  

th e r e f o r e  l i k e l y  t h a t  some o f th e  groundmass fe ld s p a r  i s  o l ig o c la s e ,  

w hereas i n  th e  mode i t  was id e n t i f i e d  a s  's a n i d i n e ' .  T h is ag a in  i l l u s 

t r a t e s  ( s e e  a l s o  p . 109 ) th e  u n c e r ta in ty  o f id e n t i f y in g  groundmass f e ld 

sp a r  by tw in n in g  a lo n e . Specimen 5/384 v/as s im i la r ly  i d e n t i f i e d  a s  a 

t r a c h y te ,  w h ile  5 /440  was id e n t i f i e d  a s  a  m u g e a rite .

Specimen 5 /394  i s  from app ro x im ate ly  th e  same s t r a t ig r a p h ie  p o s i t io n  

a s  th e  o th e r  two s a l i c  la v a s ,  p robab ly  h ig h e r  th a n  5 /3 9 6 . I t  i s  more 

a c id  th a n  th e  o th e r s ,  has  a  low er An c o n te n t,  and th e  no rm ative  f e ld s p a r s  

have more s i m i l a r i t y  to  th e  mode. I t  was i d e n t i f i e d  in  th in  s e c t io n  as  

a  t r a c h y te  w ith  a n o r th o c la s e  p h en o cry s ts  and su b o rd in a te  o l ig o c la s e  

p h e n o c ry s ts .

The s ig n i f i c a n c e  o f  th e  v a r io u s  p h en o c ry s ts  in  th e se  ro ck s  i s  

d is c u s s e d  below , p . I 7 9 .

(b )  Tugen H i l l s  G roup. In  T able 22, com positions and norms o f  seven



Table 22. Compositions of lavas in the Tugen Hills Group

Rock No, 413 437 445 140 l 4 l 324 336

S i02 5 8 .1 2 5 4 .6 5 53 .64 5 7 .1 1 58 .46 59 .84 6 0 .1 5
TiOz 0 .5 5 0 .4 7 0 .3 3 0 .6 5 0 .6 7 0 .3 6 0 .5 2
AI2 O3 1 9 .3 7 1 9 .8 1 2 0 .1 1 1 7 .3 1 1 6 .8 2 1 7 .2 6 1 7 .1 3
Fg203 6 .8 9 2 .4 1 2 .6 7 4 .6 5 4 .08 3 .6 0 3 .6 8
FeO 0 .0 0 2 .1 3 1 .9 1 1.95 2 .7 3 2 .6 6 2 .33
MnO 0 .6 5 0 .2 5 0 .2 8 0 .2 2 0 .2 2 0 .2 3 0 .24
MgO 0 .2 6 0 .4 9 0 .37 0 ,6 6 0 .6 6 0 .2 7 0 .4 9
CaO 0 .2 5 1 .6 6 1 .1 9 1 .2 9 1 .2 3 1 .7 8 1 .9 6
Na^O 6 .0 4 7 .7 8 8 .3 3 7 .3 0 7 .0 3 6 .6 8 6 .1 3
K2O 5 .3 4 6 .1 2 6 .0 7 5 .1 2 3 .3 0 3 .3 2 5 .6 1
H2O 3 .0 7 3 .4 9 3 .3 7 3 .6 7 3 .0 9 2 .1 3 1 .7 1
P2O3 0 .0 5 0 .0 9 0 .0 6 0 .0 7 0 .0 6 0 .04 0 .0 7
CO2 — 1 .1 3 — - — - —

1 0 0 .5 9 1 0 0 .5 0 100.35 1 0 0 .2 0 100 .35 1 0 0 .3 7 1 00 .0 6

CIPW Norms

Qu 1 .7 7
Or 3 1 .5 6 3 6 .1 6 3 3 .8 7 3 0 .2 6 3 1 .3 2 3 2 .6 2 3 3 .1 3
Ab 5 1 .1 1 3 3 .2 8 29.84 4 5 .9 3 46.44 4 9 .1 9 5 0 .3 8
Ne - 17.64 2 1 .5 6 8 .4 7 3 .7 3 3 .9 7 0 .8 1
An 0 .9 1 0 .3 8 — — — 0 .8 1 2 .7 1

Fe - - 1 .4 3 - 1 .14 1 .7 4 0 ,8 6
Di Mg - - 0 .9 0 1 .64 1 .1 9 0 .6 7 1 .2 2

Ca
TPq

- - 2 .3 0 1 .9 0 2 .3 8 2 .3 1 2 .1 7

S 0 .6 5
01 - 1 .2 4 0 .0 2 - 0 .3 3 - —

Fo - 0 .8 6 0 .0 1 - 0 .3 2 - —

Wo - - — 0 .5 8 - 0 .93 0 .5 7
Ac - - 0 .7 4 0 .19 2 .1 8 - —

Mt 0 .5 3 3 .4 9 3 .3 0 5 .1 2 4 .8 2 3 .2 2 3 .3 3
I I 1 .0 4 0 .8 9 0 .6 6 1 .2 3 1 .2 7 0 .6 8 0 .9 9
Sph
Rt

- - - - - - -

Ap 0 .1 2 0 .2 1 0 . l4 0 .1 6 0 . i4 0 .0 9 0 .1 6
Cor 3 .3 2 0 .2 5 - — - - -

Hm 6 .5 3 - — 1 .0 6 - - -

H2O 3 .0 7 3 .4 9 3 .3 7 3 .6 7 3 .0 9 2 .1 3 1 .7 1
e t 2 .6 2

1 0 0 .5 9 1 0 0 .5 0 1 0 0 .3 5 1 0 0 .2 0 1 0 0 ,3 5 1 0 0 .3 7 100 .0 6

Ô 8 .5 6 1 6 .5 8 1 6 .3 9 1 0 .9 2 9 .8 5 8 .8 3 8 .0 5
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s a l i c  la v a s  a re  p re s e n te d . Specimens 3 /437 and 3 /443  a re  f l i n t y  

p h o n o l i te s .  The h ig h  norm ative  n ep h e lin e  c o n te n t i s  r e f l e c t e d  in  th e  

a n a ly se s  by low er S i02 and h ig h e r  t o t a l  a l k a l i e s  and alum ina v a lu e s  th a n  

tr a c h y p h o n o li te s  from th e  same Group. Specimen 3 /413  i s  a w eathered  

p h o n o li te .  The main e f f e c t s  o f th e  w ea th e rin g  a re  le a c h in g  ou t o f 

a l k a l i e s  and lim e , and o x id a tio n  o f fe r ro u s  i r o n .  Even such d i f f e r e n c e s ,  

am ounting to  no more th a n  i 5/ ,  cause th e  la v a  to  be q u a r tz  n o rm a tiv e .

The o th e r  la v a s  a re  tra c h y p h o n o li te s ,  from th e  Kameiyun V o lcan ics  

( 3 / i4 0 ,  3 /1 4 i)  and from th e  Cheptuim et T rach y p h o n o lite  (3 /324  and 3 /3 3 6 ) .  

A lthough ch em ica lly  s im i la r ,  th e re  a re  s l i g h t  d i f f e r e n c e s  betw een th e  two 

fo rm a tio n s  (b ased  on th e s e  4 a n a ly se s  o n ly ) , such a s  th e  s l i g h t l y  h ig h e r  

S i02 c o n te n t in  th e  Cheptuim et T rac h y p h o n o lite , and i t s  s l i g h t l y  low er 

Na20/K 20  r a t i o .  These a re  r e f l e c te d  in  th e  norm, so th a t  th e  C heptuim et 

T ra c h y p h o n o lite  i s  j u s t  l e s s  u n d e rs a tu ra te d .

A nother f a c t  th a t  em erges, from t h i s  Group and o th e r s ,  i s  th e  

a p p a re n t absence o f p h o n o li t ic  la v a s  w ith  Vy/o-13% norm ative n e p h e lin e .

A ll th e  u n d e rs a tu ra te d  s a l i c  la v a s  an a ly sed  c o n ta in  e i th e r  C^-10^ 

no rm ativ e  n e p h e lin e  ( p h o n o li t ic  t r a c h y te s  and t ra c h y p h o n o li te s )  o r over 

13/  ( p h o n o l i te s ) .

(c )  T ir io k o  B a s a l t s . W ithin  t h i s  fo rm a tio n , a s  in  th e  K ap ch erera t 

F o rm atio n , n o t on ly  b a s a l t s  a re  p re s e n t ,  but s a l i c  la v a s  w ith  up to  

3 8 .8 6  p e r  c e n t S i0 2 , T able 23. A f u r th e r  s im i l a r i t y  i s  th a t  th e  p ro 

g r e s s iv e  chem ica l changes a re  no t in  any s t r a t ig r a p h ie  o rd e r .  There i s  

a  ten d en cy  f o r  SiÜ2 to  in c re a s e  from th e  bottom  to  th e  m iddle o f th e  

fo rm a tio n , bu t above th e  le u c o c ra t ic  u n i t ,  o l iv in e  r i c h  b a s a l t s  appear 

a g a in .  F u r th e r ,  th e  t r a c h y t i c  d i f f e r e n t i a t e s  form no u n i t  o f  t h e i r  ov/n, 

b u t a re  in t e r s p e r s e d  w ith in  o th e r  b a s a l t i c  u n i t s .

Specimen 5 /249  i s  an a u g i te -o l iv in e -m a g n e ti te  cum ulate , c o n ta in in g  

7 0 . 79/  no rm ativ e  m a fic s , co rresp o n d in g  to  th e  observed  mode.



Table 23. Compositions of lavas in the Tirioko Basalts

Rock No. 249 33 43 330 283 273 280 291

SiOg 36.97 42.66 42.33 46.47 49.42 33.63 38.68 58.86
TiOg 4.12 2.93 4.33 2.37 2.30 1.86 1.07 1.09
AIrO^ 6.07 13.40 13.60 16.93 17.31 16.13 17.02 16.91

8.19 6.32 6.78 3.63 3.03 8.73 6.31 7.82
FeO 19.71 7.20 7.78 6.38 7.14 1.08 0.63 0.40
MnO 0.37 0.22 0.24 0.23 0.21 0.31 0.13 0.09
MgO 14.90 6.98 4.72 3.83 2.71 1.63 0.76 0.33
CaO 4.86 10.80 10.27 7.90 7.67 4.32 2.08 1.78
NapO 1.76 2.31 3.03 4.34 4.38 3.38 6.39 6.49
KpO 0.84 0.96 1.11 1.71 2.27 3.03 3.84 3,73
HpO 1.77 2.39 2.94 1.93 2.37 2.94 2.30 2.26
P2O5 0.30 0.80 1.87 1.62 0.83 0.63 0.27 0.28
CO2 0.24 0.37 0.36 — — 0.13 — —

100.30 99.96 99.39 99.78 100.08 100.06 99.90 100.08

CIPW Norms

Qu 0.40 1.30 2.45 3.44
Or 4.96 3.67 6.36 10.11 13.41 17.91 22.69 22.16
Ab 14.89 21.24 23.81 34.93 33.83 47.22 54.07 34.92
Ne - — - 1.88 2,66 - —

An 6,18 27.92 20.14 20.82 19.97 10.02 6.42 3.93
Fe 2.02 1.10 0.88 0.76 2.66 - - -

Di Mg 3.21 3.69 3.22 2.23 2.30 2.23 0.77 0.39
Ca 3.49 7.36 6.81 3.23 3.23 2.60 0.89 0.43

0.23 0.28 1.10 — — - - —

^ Mg 0.40 lo44 6.34 - — 1.82 1.12 0.49
01 16.23 1.34 - 1.91 3.49 - - —

Fo 23.48 7.18 - 3.12 2.98 - -
Wo - - - - - - - -
Ac
Mt 11.87 9.43 9.83 8.19 4.42
11 7.82 3.60 8.22 4.88 4.37 2.94 1.63 1.04
Sph - - - - - -

Rt m t - - - - 0.31 0.20 0.54
Ap 1.16 1.83 4.33 3.73 1.97 1.31 0.63 0.65
Cor — — — — — —

Hra «m - - - - 8.73 6.31 7.82
H2O 1.77 2.39 2.94 1.93 2.37 2.94 2.30 2.26
Ct 0.33 0.84 0,82 — — 0.34 — —

100.30 99.96 99.39 99.78 100.08 100.06 99.90 100.08

(5 - - - 11.27 7.31 6.96 6.68 6 .62
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Specim ens5/ 3 3 » 5 /4 3  and 5 /3 3 0  a re  a l l  b a s a l t s ,  w ith  d i f f e r i n g  

d eg ree s  o f s i l i c a  s a tu r a t io n  in  th e  norm. However, none a re  p e r f e c t ly  

f r e s h ,  and th e  0 .4 0 /  no rm ative  q u a r tz  in  5 /4 3 , which c o n ta in s  s p a rs e  

a l t e r e d  o l iv in e  p h e n o c ry s ts , shou ld  be d is re g a rd e d . Specimen 5/330, 

c o n ta in in g  1 , 88/  no rm ative  n e p h e lin e , i s  a p p a re n tly  o l i v in e - f r e e  i n  

th e  mode, though th e  f in e  g ra in  o f th e  ro ck  makes t h i s  a l i t t l e  u n c e r ta in .

Specimen 5 /283  i s  a p la g io c la s e -p h y r ic  t r a c h y te ,  w ith  h ig h e r  SiOp, 

AlpO^ and t o t a l  a l k a l i e s  th a n  th e  o th e r  b a s a l t s ,  and low er MgO, CaO and 

t o t a l  i r o n .  I t  i s  n ep h e lin e  no rm ativ e , and h as  a  s l i g h t l y  h ig h e r  Or 

c o n te n t ,  bu t o th e rw ise  d i f f e r s  l i t t l e  from th e  o th e r  b a s a l t s .

Specim ens 5 /2 7 5 , 5 /280  and 5 /291  a re  l e u c o c r a t ic  l a v a s .  The f i r s t  

two a re  from th e  le u c o c r a t ic  u n i t  and were i d e n t i f i e d  m ic ro s c o p ic a lly  a s  

a  h a w a ii te  and p la g io c la s e  t r a c h y te  r e s p e c t iv e ly .  Specimen 5 /291  i s  a  

t r a c h y te  from th e  p la g io c la s e -p h y r ic  u n i t ,  v e ry  s im i la r  c o m p o s itio n a lly  

to  5/ 2 8 0 , I t  to o  has sp a rse  f e ld s p a r  p h e n o c ry s ts , on ly  some o f which 

show a l b i t e  tw in n in g .

Both th e  a n a ly se s  and m icroscop ic  ev idence in d ic a te  th a t  d i f f e r e n 

t i a t i o n  in  t h i s  fo rm atio n  d id  no t p roceed  as  f a r  a s  in  th e  K ap ch erera t 

F o rm atio n ,

(d ) Kiddeh Group. T ab les  24 and 25 c o n ta in  25 a n a ly se s  o f b a s a lt^  

t r a c h y te s  and in te rm e d ia te  la v a s .  Of th e s e ,  on ly  4 a re  n e p h e lin e  

n o rm a tiv e , a l l  b a s a l t s ,  w h ile  n e a r ly  a l l  th e  in te rm e d ia te  and t r a c h y t i c  

la v a s  a re  q u a r tz  n o rm a tiv e . Some specim ens a re  o b v io u s ly  a l t e r e d ,  such 

a s  5/ 1 1 0 , which c o n ta in s  id d in g s i te  pseudomorphs a f t e r  o l iv in e  in  th e  

mode.

None o f  th e  Ribkwo Complex t r a c h y te s  in  Table 24 have norm ative  • 

n e p h e lin e ,  w hereas o f th e  9 a n a ly se d , 5 have pseudonepheline  p h e n o c ry s ts  

i n  th e  mode. T h is  d isc re p a n c y  i s  secondary , a t  l e a s t  in  p a r t .  The most 

o v e r s a tu r a te d  ro c k , w ith  1 8 . 99/  norm ative  q u a r tz ,  i s  5/ 3 6 , a h y d ra te d  

g la s s  b lo ck  from pumice t u f f s  in  th e  Ribkwo Complex. ,



lablG 24(i)o Compositions of lavas in the Kiddeh Group (Tumungir Basalt,

Rock 
No.

S i02
Ti02
AI2O3
FG2O3
FeO
MnO
MgO
CaO
Na20
K2O
H2O

P2 O5
CO2

Qu
Or
Ab
Ne
An

Fe 
Di Mg 

Ca

« ' %“î:
Wo
Ac
Mt
I I
Sph
Rt
Ap
Cor
Hm
H2 O
Ct
Ns

(0

248 268 274 12 14 28 63 66 67
63.07 64.07 43.69 60.31 39.79 60.41 38.23 39.79 60.79
0.50 0.36 2.21 0.86 0.38 0.79 0.34 0.39 0.63

13.41 16.l4 14.78 16.22 13.80 14.38 12.44 14.22 13.33
4.23 3.43 4.28 3.77 4.82 3.94 9.83 3.98 6.36
2.09 0.13 8.07 3.07 3 .14 2.61 2.37 3.46 3 .40
0.13 0.12 0.17 0.26 0.23 0.33 0.43 0.23 0.26
0.36 o.i4 9,06 0.76 0.49 0.32 0.44 0.48 0.24
0.31 0.34 11.38 1.93 1.43 1.34 1.04 1.43 1.12
6.76 6.43 2.14 6.33 6.38 6.43 7.43 6.73 6.67
4.90 3.44 1.04 4.87 4.39 3.07 4.60 4.94 3.02
2.07 1.46 2.4l 0.92 2.41 1.67 2,46 2,80 2.33
0,03 0.07 0.43 0.17 0,06 0.10 0.04 0.01 0.02

100,08 100.37 99.88 99.89 100.04 99.99 99.91 100.68 100.41

CIPW Norms

4.67 3.33 0.69 2.37 0.27 0.39 2.77
28.96 32.13 6.13 28.78 27.12 29.96 27.18 29.19 29.66
31.98 32.73 13.87 55.42 33.72 46.77 38.38 43.64 41.63

- - 2.30 * _ — * - * _ —
- - 27.63 0.47 ~ — —

0.32 — 2.69 1.48 1.46 1.12 1.43 2.33 2.16
0.44 0.33 7.64 1.76 1.22 1.30 0 .6 8 0.73 0.31
0.98 0.40 lln21 3.34 2.70 2.48 2 .03 2.94 2.27
0.33 - 0.09 - — 0.89 1 .4 0 1 .9 6
0.43 - Cell r-. 0.42 0.43 0.28
- m t 4.06 0.02 «- —« — —
— m t. 10.46 0.02 — —, —» —

m t — 0.13 0.44 — — —
4 .60 0 .44 0.71 6.73 21.38 9.96 13.03
3.86 1.48 6.21 3.46 6.63 3.24 3.47 3.68 2.69
0.93 0.37 4 .2 0 1.63 1 ,1 0 1.30 1.03 1.12 1.23
— 0.14 - - - — -,

0.07 0 ,1 6 1.04 0.39 0.14 0.23 0.09 0.02 0.03

4.94
2.07 1.46 2 .4l 0.92 2 .4l 1.67 2.46 2.80 2,33

100.08 100.37 99.88 99.89 100.04 99.99 99.91 100.68 100.41

6 ,3 6 6.48 7.47 7 .3 6 7 .3 9 9 .3 0 8 .1 1 7.69

P seu d o n ep h e lin es  in  th e  mode



Table 24(ii). Compositions of lavas in the Kiddeh Group (Ribkwo Complex cont.)

Rock
No. 104 109 110 108 36 37 39

SiOp 42.92 42.00 42.46 33.34 39.09 60.01 63.30
Ti02 3.24 4 .20 2.62 2.34 0,33 0.63 0.69
AlpO^ 16.19 14,37 13.79 16.03 12.96 16.67 14.17
^^2^3 4.90 12.91 10.60 9.88 8.13 4.72 6.31
FeO 7.72 3.00 2.21 0.72 1.84 2,17 0.07
MnO 0.19 0.17 0.13 0.22 0.33 0.27 0.13
MgO 6.13 4.31 4.38 1.18 0.30 0.31 0.03
CaO 9.34 10,23 11.43 3.63 1.38 1.68 0.40
NazO 3.29 2.98 2.46 3.48 3.90 3.91 6.01
K2O 2.09 1.01 0.92 3.94 3.69 3.71 3.09
H2O 3.49 3.37 4.69 1.90 7.93 2.30 2.08
P20^ 0.60 0.79 0.48 0.73 0.04 0.06 0.07
COg 0.42 0.33 1.33 - - -

100.32 100.11 99.96 99-41 100.16 100.66 100.33

CIPW Norms

Qu — 2.00 0.13 18.99 0.86 12.13
Or 12.33 3.97 3.44 23.28 21.80 33.74 30.08
Ab 16.18 23.22 20.82 46.37 33.00 30.01 44.33
No 6.31 - _ _ * M

An 23.24 22.83 29.33 7.31 6.59 2.09
Fe 1.60 M — — — —

Di Mg 4.73 7.44 3.23 2.11 — 1.27 0.08
Ca 6.90 8,61 6.07 2.44 — 1.47 0.09

- —

y Mg 2.97 6.16 0.83 0.75 -

01 2.73 — —

Fo 7.37 0.38 - - - -

Wo •w - - 0.97 -

Ac 1— - 5.56
Mt 7.10 0 .0 2 - 3.41 3.99 —

I I 6.13 6.70 4.97 1.99 1.04 1.23 0.42
Sph - - - 0.93
Rt - 0.67 — 1.29 - - 0.09
Ap 1.39 0*83 1.11 1.69 0.09 o.i4 0.16
Cor ~ - 0.14 •mm -

Hm — 12.91 10.39 9.88 4.42 0.39 4-39
H2O 3.49 3.37 4.69 1.90 7.93 2.30 2.08
Ct 1,00 0.80 3.33 — — —

100.32 100.11 99.96 99.41 100.16 100.65 100.55

0 8.36 3.38 7.94 5.47

P seu donepheline  in  th e  mode.



T able 25 . C om positions o f la v a s  in  th e  Kiddeh Group
(K ach ila  V o lcan ics)

Rock 
No. 25 50 53 56 37 59 71 75 100

sipz 46.12 45.96 50,08 53.68 56.80 62.26 32.70 53.88 51.45
TiOg 3.45 3.38 2.21 1.72 1.32 0.76 2.14 1.90 2.45
AI2C3 16.07 15.73 13.97 16.54 17.14 11.78 16.52 16.45 16.48
FepO^ 10.50 3.89 9.00 8.51 6.70 5.48 9.42 7.54 9.85
FeO 2 .2Ü 9.80 1.00 1.32 0.71 3.97 0.47 1.13 1.05
MnO 0.21 0.21 0.29 0.21 0.25 0.53 0.24 0.42 0.19
MgO 5.51 3.07 1.57 1.70 0.87 0.50 1.85 2.12 1-79
CaO 9.55 7.88 7.29 4.46 3.73 0.92 4.60 4.58 5.48
Na2Û 4.11 3.58 3.23 3.70 6.12 7.30 5.24 5.26 3.27
K2O 1.48 1.91 2.52 2.98 3.14 4 .60 3.12 3.47 2.53
K2O 2.26 1.98 2.40 2.86 2.72 2.10 2.64 2.05 5.10
P2O3 0.75 0.65 0.57 0.52 0.37 0.05 0.90 0.53 0.60
CO2 0.56 — 1.88 — — — — — —

100.45 100.02 100.01 100.00 100.09 99.85 99.64 100.53 100.22

CIPW Norms

Qu 0.50 0.22 2.25 7.50 1.32 0.53 0.57
Or 8.75 11.29 14.89 17.61 18.56 27.18 18.44 20.51 13.07
Ab 51.88 26.46 44.26 48.25 31.79 34.98 44.54 44.51 44.59
Ne 1.57 2.08 - — — — - —
An 21.05 21.21 12.66 10.74 10.02 - 11.80 11.05 13.78

Fe - 2.39 — — "M 1.89 — — —
Di Mg 6.88 3.15 2.85 2.88 2.17 0.14 1.86 2.92 3.42

Ga 7.96 3.73 3.30 3.33 2.51 1.82 2.15 3.38 3.96
Hv Fe — — — 8.46 rm — —

y Mg 1.06 1.33 - 0.61 2.75 2.56 1.04
3.36 — — —, — — - —

Fo
V/o

1.50 6.64 - - - - - - -

Ac 10.07
Mt 5.64 - — - - -

11 5.26 6.42 2.73 3.25 2.05 1.44 1.02 5.28 2.62
Sph •Mt — - 0.11 - - - •PM

Rt 0.68 - 0.77 0.02 0.40 1.60 0.17 1.05
Ap 1.74 1.46 1.32 1.21 0.86 0.07 2.09 1.27 1.39
Cor » -, — — — «M - - —

Hm 10.50 — 9.00 8.51 6.70 — 9.42 7.34 9.83
HpO 2.26 1.98 2.40 2.86 2.72 2.10 2.64 2.05 3.10
Ct 0.82 mm 4.28 — — — — - -

Ns 3.38

100.45 100.02 100.01 100.00 100.09 99.85 99*64 100.53 100.22

(5 10,00 10.18 5*66 7.06 6 n21 6.21 7.19 6.99 7.23
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The n o rm ative  f e ld s p a r s  v a ry  more o r l e s s  s y s te m a t ic a l ly .  W ith 

in c re a s in g  SiOp c o n te n t ,  th e  Or co n ten t in c re a s e s  from c .lQ #  in  b a s a l t s  

to  up to  kCf/o i n  t r a c h y te s .  In  a l l  th e  rnugearites  and p la g io c la s e -  

t r a c h y te s ,  th e  t o t a l  o r th o c la s e  i s  l e s s  th a n  37%, and th e  a l k a l i  f e ld 

s p a rs  p ro b ab ly  f a l l  i n  th e  a n o r th o c la se  co m p o sitio n a l f i e l d .  In  th e

t r a c h y te s ,  how ever, th e  Or co n te n t v a r ie s  from 26.2% to  40 .3% .

B a s a l ts  in  th e  g roup  have 30%-30% norm ative  m a fic s . The i n t e r 

m ed iate  ] avas te n d  to  be le u c o c r a t i c ,  w ith  c o lo u r in d ic e s  ra n g in g  from 

13%-20%, a lth o u g h  in  each case  th e re  i s  between 4% and 10% norm ative  

h a e m a ti te , T ab le  25 and 5/108 in  Table 24 . None o f th e  in te rm e d ia te  

la v a s  have a cm ite  in  th e  norm, a lth o u g h  5 /5 9 , a g la s s  b lock  from t u f f s  

in  th e  K ach ila  V o lc a n ic s , has 10.07% norm ative  acm ite  and no n o rm ative

h a e m a ti te .  I t  i s  though t to  be n e a re r  to  th e  com position  o f th e  o r ig in a l

magma th a n  an e q u iv a le n t s a l i c  la v a , see p . 18I .

The t r a c h y te s  in  T able 24 have a v a r ia b le  c o n te n t o f no rm ative  

m a fic s  ra n g in g  from c.12% to  32%. Most o f them have norm ative  acm ite , 

b u t rune  have sodium m e ta s i l i c a t e .

(e )  Kamosing Fo rm a tio n . Under th e  m icroscope, th e  a n a ly se d  la v a s ,  

T ab le 26, from t h i s  fo rm atio n  g e n e ra l ly  show l i t t l e  a l t e r a t i o n .  O liv in e  

p h e n o c ry s ts  a re  u s u a l ly  re p la c e d  m a rg in a lly  by id d in g s i te ,  but th e  

groundm ass m afics  a re  u s u a lly  q u i te  f r e s h .  T h is  i s  r e f l e c te d  in  th e  

norm s, which show a  f a r  g r e a te r  degree o f c o n s is te n c y  th a n  in  o ld e r  

fo rm a tio n s . None o f th e  la v a s  a re  h y p ers th en e  n o rm ativ e , and on ly  one 

i s  n o t n e p h e lin e  n o rm a tiv e . The p é tro g ra p h ie  s im i l a r i t y  between th e  

P a t iv a t  member and th e  p la g io c la s e -p h y r ic  ty p e  o f th e  K ahanav isian  member 

( 5/ 4 8 ) i s  ex p re ssed  a ls o  in  t h e i r  co m p o sitio n s . Specimen 5 /4 0 , from th e  

o l iv in c - a u g i te - p h y r ic  ty p e  o f  th e  K ahanavisian  member (see  p .124) h as  

n o t ic e a b ly  h ig h e r  MgO, CaO and KpO, and low er SiOp and AlpO^, I t  a ls o  

h a s  1 1 , 22% no rm ativ e  n e p h e lin e , compared to  l e s s  th a n  2% in  o th e r  

specim ens, though n e i th e r  n e p h e lin e  nor a n a l c i t e  were re c o g n ise d  in  

th i n  s e c t io n .



Table 26» Compositions of lavas in the Kamosing Formation

27-88  -  P a t iv a t  Member
40 & 48 -  K ahanav isian  Member

Rock No. 27 70 74 81 88 40* 48

S i02 4 5 .7 2 4 4 .2 9 4 5 .5 1 44.68 4 4 .3 5 4 3 .2 9 4 6 .73
T i02 1 .7 9 3 .3 6 2 .1 8 2 .9 0 3 .48 2 .46 2 .3 0
AI2 O3 1 7 .6 0 14.55 1 6 .1 8 1 5 .7 2 14.48 1 3 .6 3 1 6 .0 8
Fo2Ü^ 4 .1 3 3 .5 6 4 .5 2 4 .9 3 6 .0 7 4 .8 2 3 .0 3
FcO 6 .5 8 9 .48 7 .6 3 8 .4 0 7 .9 4 6 .6 6 8 .7 0
MnO 0 .1 6 0 .2 2 0 .2 0 0 .2 2 0 .2 5 0 .2 2 0 .2 2
MgO 6 .9 1 7 .5 2 7 .4 3 6 .2 5 6 .0 5 9 .3 2 5 .8 8
CaO 1 2 .0 6 1 0 .9 5 1 1 .0 0 1 0 .2 5 1 0 .7 3 1 3 .3 8 9 .8 8
Na20 2 .5 2 2 .4 5 2 .8 8 3 .2 1 3 .2 1 3 .0 6 3 .4 4
K2O 0 .4 9 0 .9 3 0 .6 8 0 .8 8 1 .0 3 1 .4 7 1 .0 2
H2O 1 .6 1 2 .0 3 1 .4 2 1 .6 0 1 .3 8 0 .7 6 2 .4 9
P2O5 0 .2 8 0 .7 6 0 .3 3 0 .7 6 1 .0 8 0 .8 0 0 .4 7
CO2 — — — — 0 .2 5 —

9 9 .8 5 100.14 9 9 .9 5 9 9 .8 0 1 00 .05 1 0 0 .1 2 100.24

CIPW Norms

Qu — _ _ — — _ —

Or 2 .9 0 5 .5 0 4 .0 2 5 .2 0 6 .0 9 8 .6 9 6 .0 3
Ab 2 1 .3 2 2 0 .5 2 2 1 .9 2 24 .40 24.79 3 .1 9 2 5 .8 6
Ne 0 .3 0 1 .33 1 .5 0 1 .2 9 1 1 .2 2 1 .7 6
An 3 5 .2 6 2 5 .7 8 2 9 .2 1 2 5 .8 9 2 2 .0 6 1 9 .1 1 2 5 .4 2

Fe 2 ,2 6 3 .0 7 2 .4 7 2 .41 2 .0 3 2 .5 1 3 .3 3
Di Mg 6 .4 8 6 .1 7 6 .4 9 5 .3 8 7 .1 6 1 2 .6 9 4 .86

Ca 9 .4 9 9 .8 5 9 .6 9 8 .3 3 1 0 .0 7 1 6 .8 9 8 .3 7
Hy 0 .0 7 - - - - -

^  Mg 0 .1 9 - - •M - -

01 2 .8 4 4 .8 3 3 .3 3 3 .3 2 1 ,7 4 1 .6 1 5 .2 0
Fo

V/o
7 .3 9 8 .8 0 8 .4 2 7 .14 3 .3 6 7 .3 7 6 .8 6

Ac
Mt 5 .9 9 5 .1 6 6 .3 3 7 .1 3 8 .8 0 6 .9 9 4 .3 9
I I 3 -40 6 .3 8 4 .14 5 .5 1 6 .6 1 4 .6 7 4 .3 7
Sph — - - - - - —

Rt MM — - - - - -

Ap 0 .6 5 1 .7 6 0 .7 7 1 .7 6 2 .5 0 1 .8 5 1 .0 9
Cor — - - - - - -

Hm — — — — - - -

H2O 1 .6 1 2 .0 3 1 .4 2 1 .6 0 1 .3 8 0 .7 6 2 .4 9
Ct - - - - - 0 .5 7 -

9 9 .8 5 100,14 9 9 .9 6 9 9 .8 0 100 .05 100 .1 2 100.24

5 3 .3 3 9 .0 6 3 .0 5 9 .9 4 1 3 .3 1 7 0 .7 5 .3 4

o l-a u g -p h y r ic  ty p e
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2 , S u ite  A f f i n i t i e s

The s u i t e  o f la v a s  from th e  p re s e n t a re a  be longs to  th e  a lk a l in e -  

o l i v in e - b a s a l t  a s s o c ia t io n .  In  th e  b a s a l t s  th em se lv es , a f f i n i t i e s  w ith  

t h i s  a s s o c ia t io n  r a th e r  th a n  th e  t h o l e i i t i c  a s s o c ia t io n  a re  shown 

p e t ro g r a p h ic a l ly  by:

( i )  The c o e x is te n c e  o f o l iv in e  and pyroxene p h e n o c ry s ts ,

( T i l l e y , 1 950 , p p .37- 6 1 ) ;  I

( i i )  The absence o f  a pyroxene r e a c t io n  rim  around g ra in s  o f 

groundm ass o l iv in e  (Kuno, 1937, p .194 );

( i i i )  The o c c a s io n a l p resen ce  o f an a n a l c i t e  residuum  r a th e r  th a n  1

a  g la s s y  s i l i c e o u s  residuum . i

The a lk a l in e  c h a ra c te r  o f th e  s a l i c  la v a s  i s  shown by th e  f re q u e n t 

o ccu rren c e  o f m in e ra ls  such a s  a e g i r in e ,  c o s s y r i te  and a lk a li-a m p h ib o le s»

C hem ically , th e  same can be shown in  s e v e ra l  ways, e .g .  F ig .  73 , a  

p lo t  o f  w eigh t p e rc e n ta g e s  o f MgO a g a in s t  Al2 Ü  ̂ in  SiO^, a  method 

in tro d u c e d  by M urata ( 196O, p p .247 -232 ). The la v a s  in  t h i s  diagram  ■

f a l l  e i t h e r  on o r c lo se  to  th e  a lk a l in e - o l iv in e - b a s a l t  t r e n d .  R it tm a n 's  [j 

s u i t e  in d ex  O", (R ittm an , 1962 ,ppolC9-lll) ,w h e re : I

(NapO  +  KpO )20 =»     and
SiOp -  43

^ A tla n t ic  ( a lk a l in e - o l iv in e )

^ T r a n s i t io n a l

P a c i f ic  ( t h o l e i i t i c )
(] 0

& 5/27)
v a r ie s  from 3 to  20 w ith  on ly  two e x ce p tio n  ( 3 / 3 6 see T ab les 21 -26 . 

F ig ,  7^ shows th e  a lk a l i - l im e  in d ic e s  (Peacock, 1931, p p .34-67) fo r  

la v a s  from th e  p re s e n t a r e a ,

3 . O rig in  o f th e  Lavas

In  many v o lc a n ic  p ro v in c e s , s a l i c  la v a s  form on ly  3% o r so o f th e  

t o t a l  volume o f e ru p t iv e s ,  th e  r e s t  being  alm ost e x c lu s iv e ly  b a s a l t i c .  

I n  E a s t A f r ic a ,  th e  s a l i e s  form about 3C% o f  th e  t o t a l  e ru p te d  volum e.
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T h o l e K t e  t r e n d

15-

Alkal i  o l iv in e - b o so l t  t r e n d

MgO IQ-

0 40-2 0 30-1

5iO.

J<EY
A Komosing Formotion 
• T i r joko B a s o l t s  and  Kiddeh Group 

+ KoDoo ond  Tugen Hills G ro u ps

(opplies to  oil subsequen t  d iag rams  In th i s  chapter)

FIG 73 M uroto  d iagram , {i960,pp.2 4 7 -2 5 ^



in

-O

-Oin

O

^— +

Z

^ o
Ù
3 ^
X3 ^

■5 S
cn «

-0
c(y

2
O
OÏ

6»y
•Ü

o
<

d
LL



177

I t  ap p ea rs  d i f f i c u l t , t h e n , t o  e x p la in  t h e i r  o r ig in  p u re ly  in  te rm s o f 

d i f f e r e n t i a t i o n  from a  b a s a l t  p a r e n t .  A l te rn a t iv e s  a re  c r u s t a l  a s s im i

l a t i o n  and fu s io n ,  which h as  r e c e iv e d  c r i t i c i s m  from W right ( I 9 6 5 , pp . 

5^1 - 5 5 7 ) and Nash e t  a l .  ( 1961 , p p .4 0 9 -439 ), o r an upper m antle  o r ig i n .  

The l a t t e r  a l t e r n a t i v e  i s  t h a t  p h o n o li t ic  and t r a c h y t i c  l i q u id s  a re  

d e r iv e d  from th e  upper m an tle , e i th e r  by f r a c t i o n a l  c r y s t a l l i s a t i o n  o f 

a  b a s a l t i c  l i q u id  in  th e  upper m an tle , o r by d i r e c t  p a r t i a l  m e ltin g  o f 

upper m an tle , w ith o u t an in te rv e n in g  b a s a l t i c  l i q u id  s ta g e .

The ev idence  fo r  an upper m antle  o r ig in  fo r  some p h o n o li te s  and 

t r a c h y te s  i s  summarized by W right (1971, p p .1 -3 )*

In  th e  E.A .G .R .U . r e s e a rc h  a r e a s ,  th e r e  i s  ev idence  th a t  th e  e a r ly  

la v a s ,  in c lu d in g  th e  f l i n t y  p h o n o li te s ,  were produced a t  g r e a te r  d ep th s  

th a n  l a t e r  la v a s ,  and th a t  th e  abundant t r a c h y te s  o f th e  Kiddeh Group 

were produced a t  r e l a t i v e l y  h ig h  l e v e l s .  T h is  view i s  su p p o rted  bo th  

p e t ro g r a p h ic a l ly  and c h e m ic a lly , and i s  expanded below .

V/hen th e  co m p o sitio n s  o f th e  la v a s  from a l l  th e  E.A .G .R.U. a re a s  

a r e  p lo t t e d  on s u i t a b le  g ra p h s , th e  f i e l d  o f th e  p h o n o li te  la v a s  in  th e  

o ld e r  fo rm a tio n s  i s  seen  to  be d i s t i n c t  from th a t  o f th e  younger f o r 

m a tio n s , and th e  b a s a l t s  to  be s im i la r ly  d i s t i n c t ,  w ith  on ly  a  s l i g h t  

degree  o f  o v e r la p  in  each case  (McClenaghan, o p .c i t . ) .  He d e f in e s  th r e e  

t r e n d s ,  which a re  c lo s e ly  p a r a l l e l ,  o v e r la p  s l i g h t l y ,  and move tow ards 

t h o l e i i t i c  te n d e n c ie s  w ith  d e c re a s in g  ag e , see  a ls o  F ig .  74 . These 

tr e n d s  a re  l i s t e d  below , to g e th e r  w ith  th e  s t r a t i g r a p h ie  u n i t s  th e y  

embrace i n  th e  p re s e n t  a r e a .

D i f f e r e n t ia t io n  t r e n d s  M ajor u n i t s  in  p re s e n t a re a

1 . Upper Miocene & Lower P lio c e n e  K olloa  & Tugen H i l l s  Groups

2 . M iddle & Upper P lio c e n e  T ir io k o  B a s a l ts  & Kiddeh Group

3 . P le is to c e n e  Kamosing F orm ation
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In  th e  p re s e n t  a re a ,  th i c k  u n i t s  o f b a s a l t s  a l t e r n a t e  w ith  th ic k  

u n i t s  o f s a l i e s .  Each p a i r ,  c o n s is t in g  o f  b a s a l t s  below and s a l i e s  

above, i s  c o n s id e re d  h e re  to  r e p re s e n t  a c y c le , and th e  f i r s t  and 

second c y c le  th e r e f o r e  co rresp o n d  e x a c tly  to  M cClenaghan's f i r s t  two 

t r e n d s .  The ev id en ce  in  th e  p re s e n t  a re a  fo r  a  t h i r d  c y c le  i s  l e s s  

s e c u re ,  s in c e  th e r e  a re  no P le is to c e n e  s a l i e s ,  bu t i t  i s  e v id e n t in  

F ig ,  78 t h a t  th e  Kamosing Form ation  o ccu p ies  a  f i e l d  n e a re r  to  th e  

' t h o l e i i t e  l i n e '  th a n  th e  f i e l d s  d e fin e d  by o ld e r  b a s a l t s .

In  each c y c le ,  i t  i s  c o n s id e re d  t h a t ,  from a b a s a l t i c  p a re n t ,  

b a s a l t s  and th e  sm a ll p ro p o r tio n  o f a s s o c ia te d  s a l i e s  a re  produced 

m ain ly  by f r a c t i o n a t io n .  D uring th e  tim e re p re s e n te d  by th e  u n co n fo r

m ity  below th e  o v e r ly in g  s a l i c  u n i t ,  f r a c t io n a t io n  p roceeds w ith o u t 

i n t e r r u p t io n  to  produce g r e a t  volum es o f  s a l i c ,  d i f f e r e n t i a t e d  magma. !

The mechanism o f t r a n s f e r  to  th e  s u r fa c e , and s to ra g e  in  magma cham bers, I

i f  any , i s  n o t known, no r can th e se  be en v isag ed  a t  th e  p re s e n t tim e .

I t  i s  e v id e n t ,  though , from th e  h ig h  p ro p o r tio n  o f p y r o c la s t ic s ,  t h a t
I

gas } la y s  an im p o rta n t p a r t  i n  a t  l e a s t  th e  l a t e r  h i s to r y  o f  th e  magmas. i

F ig .  73 shows th e  a n a ly se s  p lo t te d  u s in g  K uno's s o l i d i f i c a t i o n  *

in d e x , where S . I .  = MgO + " to ta l  Fe + t o t a l  A ik . o p .c i t . ,  p . l 9 4 ) ,  ,

I t  can be seen  t h a t  th e  s a l i c  d i f f e r e n t i a t e s  from th e  o ld e r  fo rm a tio n s  i

have low er t o t a l  i r o n ,  h ig h e r  a lum ina , and s l i g h t l y  h ig h e r  a l k a l i e s .

Such d if f e r e n c e s  become i n d i s t i n c t ,  o r do no t e x i s t ,  when th e  s o l id i f i c a t i o n ;  

in d e x  i s  h ig h . I t  i s  in f e r r e d  th e re f o r e  th a t  th e  p rim ary  magma i n  each 

t r e n d  i s  f a i r l y  s im i la r ,  and t h a t  subsequen t d iv e r s i f i c a t i o n  depends more 

upon th e  p ro c e s s e s  in v o lv e d  d u rin g  d i f f e r e n t i a t i o n ,  and th e  environm ent 

in  w hich th e y  ta k e  p la c e .

The cu rve fo r  MgO i s  p a r t i c u l a r l y  sm ooth. T h is  i s  ta k e n  by H ark in  

( i 9 6 0 , p . 1 3 3 ) to  in d ic a te  th a t  p h en o c ry s ts  in  p o rp h y r i t ic  ro c k s  a re  

i n t r a t e l l u r i c  r a th e r  th a n  cu m u la tiv e . An obvious ex c e p tio n  i s  3 /2 4 9 , 

a  m a g n e t i t e - a u g i t e - o l iv in e - cum ulâte .
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The m ajor t r e n d s  and su b tre n d s  a re  shown on an a l k a l i - s i l i c a  

d iagram , F ig .  7 6 ; an AMF diagram , F ig ,  77» and a  Von W olff d iagram .

F ig ,  7 8 . I n  each , th e  t r e n d  com prising  th e  K o llo a  and Tugen H i l l s  

Groups s ta n d s  f a i r l y  d i s t i n c t  from th e  younger t r e n d s .  Specimen 10/749A 

on th e  o ld e s t  t r e n d  (p re s e n t a u th o r ’ s f i r s t  c y c le )  i s  th e  most b a s ic  

a p h y ric  b a s a l t  from th e  e q u iv a le n t o f th e  K o lloa  Group in  a re a  10, F ig .  1. 

McClenaghan th in k s  th a t  c o m p o s itio n a lly , i t  i s  c lo se  to  th e  p a r e n ta l  

K ap ch ere ra t F orm ation  b a s a l t .

Such a  b a s a l t  gave r i s e ,  i t  i s  p o s tu la te d ,  to  th e  b a s a l t s ,  t r a c h y te s  

and m u g e a rite s  o f th e  K apcherera t F o rm ation , The s a l i c  la v a s  p lo t  in  th e  

f i e l d  o f  th e  Kiddeh Group s a l i c  la v a s ,  and m ight th e re fo re  have been 

d e r iv e d  by s im i la r  p ro c e s s e s .  In  th e  Tugen H i l l s  Group, McClenaghan 

in v o k es d i f f e r e n t i a t i o n  by c r y s t a l  f r a c t io n a t io n ,  F ig .  79- From th e  

p a r e n ta l  b a s a l t  B, s a l i c  d i f f e r e n t i a t e s  between B and E a re  produced by 

th e  f r a c t io n a t io n  o f k a e r s u t i t i c  am phibole. However, th e  diagram  

e x p re s se s  co m p o sitio n s  on ly  in  te rm s o f S i0 2 , Al20^ and a l k a l i e s ,  and 

i t  ic  d i f f i c u l t  to  p lo t  p r e c i s e ly  th e  com position  o f k a e r s u t i t e .  The 

ev idence  f o r  i t s  f r a c t io n a t io n  a r i s e s  though , no t d i r e c t l y  from F ig ,  79 , 

bu t from s u b tr a c t  c a lc u la t io n s  perform ed by McClenaghan, and from th e  

p re se n c e  o f  brown am phibole x e n o c ry s ts  in  b a s a l t s  (3 /424 ) and s a l i c  

la v a s  (3/ 3 8 3 ) from th e  K olloa Group, and in  p h o n o li te s  from o u ts id e  

th e  p re s e n t  a r e a .

The p h e n o c ry s ts  o f brown am phibole from th e  p re se n t a r e a  g iv e  

2V (-) co m patib le  w ith  k a e r s u t i t e .  The l e s s  u n d e rs a tu ra te d  s a l i c  la v a s  

a re  d e r iv e d  by a  com bination  o f am phibole s u b tr a c t io n ,  and p la g io c la s e  

s u b t r a c t io n ,  p ro b ab ly  a t  sh a llo w er d e p th s . The l a t t e r  comes in to  e f f e c t  

a t  G, d r iv in g  th e  tr e n d s  over to  th e  r i g h t ,  F ig .  79, le a d in g  e i t h e r  to  

u n d e r s a tu r a t io n  ( 3 / l4 0 ,  3 / l 4 l )  a t  F,. in  which am phibole s e p a ra t io n  i s  

s t i l l  dom inant, o r to  more s a tu ra te d  la v a s  (3 /3 9 4 , 3 /384 ) in  which 

p la g io c la s e  s e p a ra t io n  i s  dom inant. The l a t t e r  two specim ens a re  th e



F i r s t  cyc le  

S eco n d  cycle

SiOi

FIG 76 A lk a li-s llico  d to q ro m



— Second cycle
— First cycle

MgO

FIG.77 AMF Diagram.



o(N

E
D

C7>
O
TJ

i
c
o
>

(S
r-
6
u.

AJ



i 8 o

plagioclase-trachytes or mugearites from the Kapchererat Formation.

The tra c h y p h o n o li te  5 /336  i s  anom alous i n  t h a t  i t  c o n ta in s  modal 

n e p h e lin e , and y e t f a l l s  on th e  more s a tu r a te d  t r e n d .  E vidence f o r  

th e  s e p a ra t io n  o f p la g io c la s e  p h e n o c ry s ts  l i e s  in  t h e i r  o ccu rren c e  in  

th e  s a l i c  la v a s  o f  th e  K ap ch erera t F orm ation ; th e  f re q u e n t o ccu rren c e  

o f p la g io c la s e  frag m en ts  in  t u f f s  o f th e  Tugen H i l l s  Group, p= l64; and 

in  th e  p re sen ce  o f  th e  p la g io c la s e -p h y r ic  dykes c u t t in g  th e  lo w est ro c k s  

o f  th e  Tiriom irn V o lc a n ic s .

The t r e n d  tow ards  C in v o lv e s  s e p a ra t io n  o f  a l k a l i  f e ld s p a r s  ± 

n e p h e l in e . Both occu r a s  p h e n o c ry s ts  in  la v a s  t h a t  p lo t  between 0 and 

F , though n e p h e lin e  n a t u r a l l y  o c c u rs  i n  th e  l e s s  s a tu r a te d  la v a s ,  n e a re r  

F . The su b tre n d s  w ith in  th e  Tugen H i l l s  Group a re  a ls o  shown in  

F ig s .  76 and 7 8 . The f i e l d  o f th e  p h o n o li te s  s ta n d s  d i s t i n c t  from th a t  

o f  th e  t r a c h y p h o n o l i te s ,  and from th e  s a l i c  la v a s  o f  th e  K o lloa  Group.

In  F ig .  7 7 j th e  t r e n d  a s  a  whole i s  seen  to  be more i r o n  poor th a n  

younger l a v a s .

A lthough n o t p ro v en , th e  fo llo w in g  s y n th e s is  i s  a  p o s s ib le  sequence 

o f e v e n ts  t h a t  to o k  p la c e  to  p roduce th e  f i r s t  c y c le  o f  vo lcan ism :

(a )  M eltin g  in  th e  upper m an tle  to  p roduce an a lk a l in e  b a s a l t i c  

l i q u i d ,  which u n dergoes  s e p a ra t io n ,  n e a r  th e  lo c u s  o f m e ltin g , o f 

k a e r s u t i t i c  am phibo le .

(b ) Some o f  t h i s  l i q u id  moves in to  th e  c r u s t .  C r y s t a l l i s a t i o n

o f th e  am phibole s to p s ,  and i s  r e p la c e d  by c r y s t a l l i s a t i o n  o f  p la g io c la s e ,  

o l i v in e  and a u g i t e .  The l a t t e r  two m in e ra ls  form cu m u la te s . C o n tin u in g  

s e p a ra t io n  o f  p la g io c la s e  and a l k a l i  f e ld s p a r  le a d  to  th e  p ro d u c tio n  o f 

s a l i c  l i q u i d s .  From tim e to  tim e , each l i q u id  becomes a v a i la b le  f o r  

e ru p t io n .

(c )  M eanw hile, i n  th e  u pper m an tle  r e g io n , f r a c t io n a t io n  o f amphi

b o le  h a s  been c o n tin u in g , w ith  th e  consequent p ro d u c tio n  o f  a  la r g e  

volume o f  p h o n o l i t ic  l i q u id ,  which th e n  becomes a v a i la b le  fo r  e ru p tio n ,  

due to  unknown c a u s e s .
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The ro c k s  o f th e  m iddle t r e n d  (p re s e n t  a u th o r ’ s second c y c le )  a re  

shown in  F ig s ,  76-78  and in  F ig .  8 0 , McClenaghan ( o p .c i t . )  a g a in  

s e le c te d  th e  most b a s ic  a p h y ric  b a s a l t ,  from th e  e q u iv a le n t o f th e  

T ir io k o  B a s a l ts ,  which p lo t s  a t  P in  F ig .  8 0 . From t h i s ,  la v a s  such 

a s  5/ 2^9 a re  d e r iv e d  by accu m u la tio n  o f a u g i te  and o l iv in e  p h e n o c ry s ts . 

Specim ens 5 /283  and 5 /3 3 0  bo th  o ccu r in  th e  t h e o r e t i c a l  f i e l d  o f 

p la g io c la s e  cu m u la te s , and a lth o u g h  5 /2 8 3  i s  in  f a c t  from th e  p la g io c la s e -  

p h y ric  u n i t  o f th e  T ir io k o  B a s a l ts ,  5 /3 3 0  i s  t o t a l l y  n o n p o rp h y r it ic ,  

and o l i v i n e - f r e e ,

B asic  la v a s  a re  d e r iv e d  from P by th e  s u b t r a c t io n  o f k a e r s u t i t e  

from P to  B, From B to  C s u b tr a c t io n  o f a u g i te ,  o l iv in e  and p la g io c la s e  

o p e ra te s ,  such t h a t  th e  a l b i t e  c o n te n t o f th e  f e ld s p a r  g ra d u a l ly  in c re a s e s ,  

At C, th e  s u b t r a c t  h a s  a  com p o sitio n  n e a r  to  a l k a l i  f e ld s p a r ,  push ing  

th e  r e s u l t a n t  d i f f e r e n t i a t e s  tow ards E, F ig .  8 0 . I t  i s  c o n s id e re d  th a t  

th e  s y e n i t i c  b lo c k s  d e s c r ib e d  on p .165  a re  cum ulates  d e r iv e d  by such 

s u b t r a c t io n  o f  f e ld s p a r  c r y s t a l s  from th e  m e lt . An a n a ly s i s  o f  th e  

m in e ra ls  in  5 /^ j  a  b lo c k  from th e  L o k i te t  u n i t  o f th e  Eibkwo Complex, 

i s  g iv en  in  T ab le  27 . The f e ld s p a r  co rre sp o n d s  c o m p o s itio n a lly  to  

ty p i c a l  ’ s a j i id in e ’ p h e n o c ry s ts  o b served  in  th e  t r a c h y te s ,  which have 

been a n a ly se d  by X -ray  d i f f r a c t i o n ,  see  p . l0 9 .  The pyroxene co rresp o n d s  

to  n e a r ly  pu re  a e g i r in e ,  w h ile  th e  am phibole i s  in te rm e d ia te  betw een 

k a ta p h o r i te  and a r f v e d s o n i te .

From C to  D th e  t r a c h y te  la v a s  f a l l  on a  f a i r l y  w e ll d e f in e d  t r e n d ,  

bu t beyond D, th e r e  i s  a  s c a t t e r  o f p o in t s ,  in d ic a t in g  t h a t  b e s id e s  

f e ld s p a r  f r a c t i o n a t io n ,  o th e r  p ro c e s se s  a re  o p e ra t in g .

One such p ro c e s s  i s  th e  rem oval o f soda by v o l a t i l e s .  Romano 

( 1 9 7 0 , p p .694 - 7 0 0 ) ,  s tu d y in g  a  s in g le  p a n t e l l e r i t e  flow , shows th a t  

soda in c r e a s e s  from 5.28% n e a r  th e  base  to  7*76% n e a r  th e  to p .  He 

a t t r i b u t e s  t h i s  to  th e  fo rm a tio n  o f m obile sodium m e ta s i l i c a te  ( n s ) 

d u rin g  th e  f i n a l  s ta g e s  o f  c r y s t a l l i s a t i o n ,  in v o lv in g  a ls o  th e  rem oval
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Table 27. Analysis of minerals in ^/4

Pyroxene Amphibole F e ld s p a r

siO a 3 0 .4 0 46 .84 6 6 .00

Ti02 0 .9 7 0 .9 0 0 .0 3

AI2 O5 1 .1 7 1 .7 2 1 9 .1 0

F 02^3 2 7 .5 2 1 3 .2 2 0 .3 2
FeO 3 .0 2 1 9 .3 3 (a s  Fe2 0 3 )

MnO 0 .6 7 1 .3 0 0 .0 2

MgO 0 .4 3 1 .3 8 0 .0 0

CaO 1 .9 2 3 .0 2 0 .4 7
NapO 1 1 .4 3 7 .3 7 7 .2 8

KpO 0 .3 2 1 .44 6 ,3 6

H2 O+ 0 .2 7 1 .0 6 no t

F2 0 .0 3 0 .4 0 d e term ined

P2O3 0 .0 3 0 .0 7 0 .0 2

1 0 0 ,1 9 1 0 0 .0 8 1 0 0 .0 2

.R e c a lc u la te d  ird n e ra l fo rm ulae

(Mag. 86 ^ 0 .0 2

^^0 .0 3  ^ ^ 0 .0 l ) ( S ^ l ,9 5

A2I2ÎLlb2i® (^^2.29 "̂0.2? "̂'̂0 .52^̂ ®̂̂ 2.62 ^®\c83 ^^0,33 *^0 .17^

(^^7.49  ^^0.33 ^^0 . 11 ^̂ 22 (0\ ^ 2.4 ^0 .21^

F e ld s p a r  Abgg Or^^
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o f c h lo r in e  and f l u o r i n e . The c o n c lu s io n  i s  t h a t  c r y s t a l l i n e  p e r a lk a l in e  

s a l i c  la v a s  may n o t r e p re s e n t  th e  com p o sitio n  o f  th e  l i q u id  from which 

th e y  were form ed. In  t h i s  r e s p e c t ,  specim en 3 /3 9  (T ab le  2 3 ) i s  s i g n i f i 

c a n t ,  I t  i s  a  g la s s  b lo ck  from t u f f s  in  th e  K ach ila  V o lc a n ic s , and

a p p e a rs  no t to  have undergone much secondary  a l t e r a t i o n  (se e  below ).

I t  c o n ta in s  3*38/ no rm ativ e  ns , which ap p ea rs  to  have been r e ta in e d  in  

t h i s  r a p id ly  quenched l i q u i d ,  bu t which does no t occur in  any c r y s t a l l i n e  

la v a ,  from th e  K ach ila  V o lcan ics  o r  any o th e r  t r a c h y te  from th e  p re s e n t  

a r e a .  Thus, i f  th e  rem oval o f soda, and p o s s ib ly  p o ta sh , though t h i s  

shows l i t t l e  v a r i a t i o n  in  Romano's a n a ly se s  ( i b i d . ,  p . 696 ) ,  o p e ra te s  

i n  t h i s  nanner on s a l i c  p e r a lk a l in e  la v a s ,  t h e i r  co m p o sitio n s  would no t 

p lo t  on th e  ex p ec ted  t r e n d  DE in  F ig ,  8 0 .

A nother p ro c e ss  which co u ld  cause a s im i la r  d e v ia tio n  i s  secondary

le a c h in g  by g rou n d w ater. In  g la s s e s ,  t h i s  c au ses  an in c re a s e  o f to ta l ,  

w a te r , and a  d e c re a se  i n  soda, and p o s s ib ly  s i l i c a  and p o ta s h . T h is  i s  

c e r t a in l y  th e  case  in  3 /3 8 , which f a l l s  r i g h t  o f f  th e  t r e n d  DE in  F ig ,  8 0 , 

and v.nich (T ab le  24) c o n ta in s  on ly  7 .3 9 /  t o t a l  a l k a l i e s  (com pared to  

11- 12/  i n  t r a c h y te s ) ;  h as  a  Na20/K 20 r a t i o  o f  1«06 (com pared to  1 . 2- 1 .6

vLi n  t r a c h y te s ) ;  and a  t o t a l  w a te r c o n te n t o f 7 *93/  (com pared to  c . 2 . 3/

i n  t r a c h y t e s ) .  These o b s e rv a tio n s  a re  a l l  sym ptom atic o f  secondary  

h y d ra tio n  o f th e  g la s s  (Ross & Sm ith , 1933, PP.IO 7I - IO 89 ; N oble, I 9 6 7 , 

p p .280- 28 3 ) .  The same p ro c e ss  can occur in  c r y s t a l l i n e  ro c k s , and i s  

su sp e c te d  i f  th e  m afic s  a re  red u ced  to  l im o n ite ,  o r th e  f e ld s p a r s  show 

s ig n s  o f  a l t e r a t i o n .

An im p o rta n t p o in t o f d i f f e r e n c e  between th e  two tr e n d s  d e sc r ib e d  

above i s  th e  d im in ish ed  im portance  o f  k a e r s u t i t e  s e p a ra t io n  i n  th e  

younger t r e n d .  K a e r s u t i te  i s  re g a rd e d  a s  form ing a t  h ig h  w ate r p re s s u re s  

(M cBirney & A oki, I 9 6 8 , p p .341 -3 4 3 ), and u s u a l ly  shows r e a c t io n  rim s o f 

b la c k  o re  when i t  o ccu rs  in  la v a s  (3 /3 9 8 ) .  P la g io c la s e ,  o l iv in e  and
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a u g i te  s u b tr a c t io n  a re  re g a rd e d  a s  o c c u rr in g  a t  h ig h e r  l e v e l s  in  th e  

upper m an tle  o r low er c r u s t .  In  M cClenaghan's youngest t r e n d ,  

k a e r s u t i t e  s e p a ra t io n  i s  n o t invoked , and th e  lo c u s  o f m e ltin g  and 

d i f f e r e n t i a t i o n  i s  c o n s id e re d  to  be a t  even sh a llo w er d e p th s . T h is  

t r e n d  i s  n o t c o n s id e re d  any f u r th e r  because o f i t s  l im i te d  re le v a n c e  to  

th e  p re s e n t a r e a .

The o r ig in  o f each p rim ary  magma i s  unknov/n. Macdonald ( 19 6 8 , 

PPo477-318) fa v o u rs  fo r  th e  H aw aiian V olcanoes a s in g le  p r im it iv e  magma 

o f o l i v i n c - t h o l e i i t e  co m p o sitio n , d e r iv e d  from th e  upper m a n tle . From 

t h i s ,  o l iv in e -p o o r  t h o l e i i t e s ,  a l k a l i - o l i v i n e  b a s a l t s ,  and n e p h e lin io  

la v a s  a re  supposed ly  d e r iv e d  by c r y s t a l  f r a c t io n a t io n  a t  in c re a s in g  

d e p th s , th e  most a l k a l i c  be ing  produced  a t  th e  g r e a t e s t  d e p th s .

K ushiro  and Kuno ( 1 9 6 3 , p p .73-89) p o s tu la te  th a t  t h o l e i i t e s ,  

a l k a l i - o l i v i n e  b a s a l t s ,  and n e p h e l in ic  la v a s  may each be g e n e ra te d  a s  

a  p rim ary  magma, by th e  p ro c e s s  o f p a r t i a l  m e ltin g  o f th e  m an tle , th e  

degree  o f a l k a l i n i t y  and u n d e r s a tu r a t io n  in c re a s in g  a s  th e  dep th  o f  

lo c u s  o f m e ltin g  in c r e a s e s ,  i . e .  th e  same r e l a t i o n s h ip  p roposed  by 

Macdonald*

In  th e  p re s e n t  a re a ,  and th o se  n ea rb y , i t  ap p e a rs  th a t  th e r e  i s  

a  g e n e ra l in c re a s e  i n  t h o l e i i t i c  c h a ra c te r  from Miocene to  P le is to c e n e ^  

The a l lc a l i  lim e in d ex  in  th e  p re s e n t a r e a .  F ig ,  74, in c re a s e s  from 47*6 

in  th e  o ld e r  t r e n d  to  4 9 .3  i n  th e  younger t r e n d .  F u r th e r  ev id en ce  fo r  

p ro g re s s iv e  in c re a s e  in  t h o l e i i t i c  c h a ra c te r  i s  seen  in  th e  a l k a l i -  

s i l i c a  d iagram , F ig .  7 8 , and in  th e  Von W olff d iagram , F ig .  7 8 . I t  

seems re a s o n a b le ,  th e r e f o r e ,  t h a t  in  t h i s  p a r t  o f th e  G regory R i f t ,  th e  

lo c u s  o f  m e ltin g  i s  r i s i n g  w ith  tim e .



CHAPTER 7
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S e v e ra l c o n c lu s io n s  can be drawn re g a rd in g  th e  geology o f th e  a r e a ,  

th e  most im p o rta n t o f w hich a re  th e  fo llo w in g .

The f i r s t  i s  th e  com parative  s im p l ic i ty  o f  th e  s t r a t ig r a p h y ,  and 

th e  Ef.se w ith  w hich i t  can be d iv id e d  in to  s e v e ra l  g ro u p s . These g roups 

f in d  t h e i r  e q u iv a le n ts  b o th  on th e  e a s t  and w est s id e s  o f th e  r i f t  

a lth o u g h  th e y  a re  n o t p r e s e n t  everyw here. The o ld e s t  group ex ten d s a s  

f a r  so u th  a s  1° 0 5 'N on th e  w est s id e  o f th e  r i f t  and a s  f a r  so u th  a s  th e  

e q u a to r  on th e  e a s t  s id e .  The o v e r ly in g  p h o n o li te s  a re  more w id esp read , 

o c c u rr in g  n o t on ly  w ith in  th e  r i f t  zone, b u t on i t s  sh o u ld e rs  a s  w e ll .  

V o lcan ics  younger th a n  t h i s  show c o n s id e ra b le  lo c a l  v a r i a t io n s  in  rock  

ty p e . In  th e  p re s e n t  a r e a ,  th e  a x i a l  zone v o lc a n ic s  a re  d i s t i n c t  from 

th e  f la n k  zone v o lc a n ic s ,  b u t in  o th e r  a r e a s ,  th e r e  i s  an a lm ost co n tin u o u s  

sequence . G e n e ra lly , th e n , th e  p re s e n t  a re a  can be f i t t e d  in to  th e  

r e g io n a l  s t r a t i g r a p h i e  scheme.

However, im p o rta n t d i f f e r e n c e s ,  a l re a d y  m entioned in  c h a p te rs  2 

and 3 a re  r e s t a t e d  h e re .  They a r e : -

( i )  The a b ru p t change a t  c . l° 1 3 'N  in  th e  Tugen H i l l s  Group from 

p la te a u  ty p e  e ru p t io n s  to  c e n t r a l  ty p e  e ru p t io n s ,  and th e  g r e a t e r  

p ro p o r tio n  o f p y r o c la s t i c s  in  th e  Group in  th e  p r e s e n t  a r e a .  C hem ically , 

th e  la v a s  compare c lo s e ly  w ith  t h e i r  e q u iv a le n ts  in  th e  p la te a u  sequence 

to  th e  so u th , and hence t h i s  d i f f e r e n c e  in  e ru p t iv e  p a t t e r n  i s  th o u g h t 

to  depend on p ro c e s s ,  r a th e r  th an  on th e  com position  o f th e  magma.

( i i )  The p re se n c e  o f  t r a c h y te  v o lcan o es  in  th e  Kiddeh Group. T h is  

i s  a n o th e r  m a n ife s ta t io n  o f  an e ru p t iv e  p a t t e r n  w hich i s  r a r e  f u r th e r  to  

th e  so u th , where la v a s  o f  c o rre sp o n d in g  s t r a t i g r a p h i e  p o s i t io n  a re  

co a le sc e d  f i s s u r e  e r u p t io n s ,  a l b e i t  w ith  a  h ig h e r  p y r o c la s t i c  c o n te n t 

th a n  th e  Tugen H i l l s  Group.

( i i i )  The absence  o f a  la rg e  f a u l t  sc a rp  and th e  p re se n c e  in s te a d  

o f  th e  T i a t i  m onocline , which i s  c o n s id e re d  to  be th e  t r u e  w este rn  edge 

o f  th e  r i f t  v a l le y .
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A ll th r e e  f e a tu r e s  a re  c o n s id e re d  to  be r e l a t e d ,  though none can 

be p ro p e r ly  co n s id e re d  to  be c a u s a l .  T h is  r e l a t i o n s h ip ,  between 

m onoc lina l r i f t  m arg ins and c e n t r a l  v o lc a n ic  a c t i v i t y  on th e  one hand, 

and betw een la rg e  f a u l t  s c a rp s  and p la t e a u - l ik e  e ru p tio n s  on th e  o th e r  

i s  th e  second co n c lu s io n  to  be drawn.

T h ird ly , i t  i s  co n s id e re d  th a t  th e  s t r u c t u r e s  o f th e  a re a  can be 

r e l a t e d  to  a  t e n s io n a l  f i e l d  a c t in g  t r a n s v e r s e  to  a  n o r th n o r th e a s t , 

t r e n d in g  a x i s ,  th e  ev id en ce  fo r  w hich l i e s  in  th e  abundance o f dykes 

and th e  u b iq u i to u s  norm al f a u l t i n g ,  b o th  o f w hich occu r f r e q u e n t ly  on 

th e  same tr e n d .

The fo u r th  c o n c lu s io n  i s  t h a t  c h e m ic a lly , th e  la v a s  fo llo w  th e  

r e g io n a l  p a t t e r n ,  i . e .  th e y  become l e s s  a lk a l in e  w ith  d e c re a s in g  age . 

There a re  l o c a l  e x c e p tio n s  to  t h i s  how ever. The Loyamarok P h o n o lite ,  

in  Chapman's a r e a ,  d a ted  a t  0*6 m .y . , c o n ta in s  a p p re c ia b ly  more n e p h e lin e  

th a n  most t r a c h y te s  from th e  Kiddeh Group. A nother f e a tu r e  o f th e  

p r e s e n t  a r e a  and th e  whole re g io n  i s  th e  s c a r c i t y  o f  la v a s  in te rm e d ia te  

between b a s a l t s  on th e  one hand, and t r a c h y te s  and p h o n o li te s  on th e  

o th e r .  T h is  i n d i c a te s  t h a t  a lth o u g h  such la v a s  a r e  p roduced , th e y  a re  

o n ly  r a r e l y  a v a i la b le  f o r  e ru p t io n .  F u r th e r ,  i t  i s  n o t y e t  c l e a r  

w hether o r  n o t p h o n o l i te s ,  o r even t r a c h y te s  a re  g e n e ra te d  w holly  by 

s im ple  f r a c t io n a t io n  o f  a  b a s a l t i c  l i q u id .  R eg io n a l chem ical s tu d ie s ,  

p a r t i c u l a r l y  o f  t r a c e  e lem en ts  may e v e n tu a lly  so lv e  t h i s  q u e s tio n .

More g e n e ra liz e d  c o n c lu s io n s  co n ce rn in g  th e  n a tu re  o f  th e  r i f t  

v a l le y  may be made in  th e  l i g h t  o f  th e  in v e s t ig a t io n s  o f o th e rs .  

G eo p h y sica l d a ta  have r e c e n t ly  been p u b lis h e d , n o ta b ly  by Khan &

M an sfie ld  (1971, pp . 7 2 -7 3 ) , who r e p o r t  th e  p re se n c e  o f  a  g r a v i ty  "h ig h "  

superim posed on th e  r e g io n a l  n e g a t iv e  Bouguer anom aly. The l a t t e r  

c o in c id e s  w ith  th e  g e n e ra l  tr e n d  o f th e  r i f t ,  observed  v a lu e s  ra n g in g  

from C .-120  m gals, on th e  r i f t  s h o u ld e rs  to  C .-200  m gals, in  th e  r i f t
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i t s e l f  (B u lla rd , 1936, Map 2 , a f t e r  p . 3 3 1 ), and i s  supposed ly  due to  a

p r o je c t io n  o f  s i a l i c  m a tte r  i n to  th e  m an tle  ( i b i d . ,  p . 3 1 0 ) .  The g r a v i ty

h ig h  i s  a  n arrow er f e a tu r e ,  o f up to  30 m gals. am p litu d e . I t  c o in c id e s

w ith  th e  a x i a l  zone o f th e  r i f t  v a l le y  f o r  some d is ta n c e  n o r th  and so u th

o f th e  e q u a to r , b u t a t  1°N, t r e n d s  w est o f i t ,  where i t  a l s o  w idens. I t s

p re se n c e  was supposed by G ird le r  e t  a l  (1 9 6 9 , p p . l l ? 8 - l l 8 2 )  to  be due to

th e  in t r u s io n  o f b a s ic  m a te r ia l  to  w ith in  1 km. o f  th e  r i f t  f lo o r .  Khan &

M an sfie ld  combine t h e i r  own d a ta  w ith  se ism ic  d a ta  o f  G r i f f i t h s  e t  a l

(1971  p p .69- 7 1 ) and conclude th a t  th e  g r a v i ty  h ig h  i s  caused by th e

p re se n c e  o f a  body o f m a te r ia l  in te rm e d ia te  in  te rm s o f d e n s i ty  and

se ism ic  v e lo c i ty  betw een c r u s t  and m a n tle . Having re g a rd  to  th e  v o lc a n ic

h i s to r y  o f th e  r i f t ,  i t  i s  p o s s ib le  t h a t  t h i s  m a te r ia l  i s  composed o f

accum ula ted  p y ro 'z e n e ,  o l iv in e  and p la g io c la s e  c r y s t a l s ,  drawn o f f  from

magma d u rin g  th e  g e n e ra t io n  o f s a l i c  la v a s .  I t  i s  d i f f i c u l t ,  though ,

to  r e c o n c i le  t h i s  w ith  th e  observed  d e v ia t io n  of th e  h ig h , n o r th  o f  1°N, 
th e

away fro ir/zo n e  o f P le is to c e n e  v o lcan ism , where i t  may be supposed th a t  

such  r e s id u a l  m a te r ia l  would be n e a re r  to  s u r f a c e .  However, th e  geo

p h y s ic a l  ev id en ce  i s  open to  v a r io u s  i n t e r p r e t a t i o n s ;  th u s  G ir d le r  e t  a l  

( i b i d . )  and B aker & Wohlenburg (1971 p p .338-342) fav o u r a d e n s ity  

in v e rs io n  in  th e  low er c r u s t ,  w h ile  Khan & M an sfie ld  r e j e c t  th e  id e a .

The w ider a s p e c ts  o f  r i f t i n g  have l a t e l y  been a n a ly se d  by 

M ackenzie e t  a l  (1970 p p .243-248) in  th e  l i g h t  o f  p l a t e  t e c to n ic s .  In  

o rd e r  to  r e c o n c i le  an in f e r r e d  d i f f e r e n t i a l  movement p a t t e r n  betw een th e  

Red Sea and G ulf o f Aden, b o th  o f  w hich a r e  re g a rd e d  a s  th e  r e s u l t  o f 

c r u s t a l  s e p a r a t io n ,  th e y  c a lc u la te  t h a t  th e r e  have been 70  kms. o f 

s e p a ra t io n  in  th e  E th io p ia n  r i f t ,  d im in ish in g  t o  30 kms. in  th e  n o r th e rn  

p a r t  o f  th e  Kenya r i f t .  The v i r t u a l  c o n t in u i ty  o f  o ld e r  ro ck s such  a s  th e  

Tugen H i l l s  Group p h o n o li te s  a c ro s s  th e  r i f t  f lo o r  a t  c .0 °3 0 'N , and th e  

p r e s e n c e  o f  m etam orphic ro c k s  in  h o r s t  b lo c k s  w ith in  th e  r i f t  a t
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2°30'N  ap p e a rs  to  p re c lu d e  such  a  s e p a ra t io n .  B aker & Wohlenburg ( ib id .  

p . 339) p o s tu la te  a s e p a ra t io n  o f no more th a n  10 km s., a  v a lu e  d e r iv e d  

m ainly  from e x te n s io n  due to  norm al f a u l t i n g ,  consequent upon u p arch in g  

o f th e  Kenya Dome, b u t a l s o  p a r t l y  a s c r ib e d  to  "some s u b - c r u s ta l  p ro c e s s " . 

In  a r r iv in g  a t  t h e i r  e s t im a te  o f  10 kms. th e y  assumed a  mean an g le  o f  d ip  

o f f a u l t  p la n e  o f 63°. In  th e  p re s e n t  w r i t e r ’s a r e a ,  a e r i a l  p h o to g rap h ic  

ev idence  in d i c a te s  an a p p re c ia b ly  h ig h e r  a n g le  o f  d ip ,  so th a t  e x te n s io n  

due to  f a u l t in g  cou ld  be a s  low a s  3 kms.

The argum ents o f  M ackenzie e t  a l  have met w ith  c r i t i c i s m  from Le Bas 

(1971  p p .83-87) who p o in ts  ou t s e v e r a l  d i f f e r e n c e s  betw een th e  Kenya 

r i f t  and o cean ic  r id g e  system s and con c lu d es  t h a t  th e y  d i f f e r  

fu n d am e n ta lly . Le Bas f u r th e r  m entions t h a t  th e  Som alia P la te  o f  

M ackenzie e t  a l  ( ib i d .  p . 243) i s  composed o f  s e v e ra l  domes, a long  th e  

m ajor axes o f which occu r th e  r i f t  v a l le y s ,  and w hich have behaved 

d i f f e r e n t l y  a t  d i f f e r e n t  t im e s . B oth Le Bas and B a ile y  (1964 p p . l l 0 3 -  

1 1 1 1 ) see  a  c o n n ec tio n  betw een doming and th e  occurrence o f p e r a lk a l in e  

v o lcan ism . B a ile y  (p .l lO S )  a p p e a ls  to  th e  m ig ra tio n  o f  v o l a t i l e s  a s  a 

mechanism f o r  h e a t  t r a n s f e r ,  and r e l a t e s  p a r t i a l  m e ltin g  to  a  r e le a s e  in  

p re s s u re  consequen t upon domal u p l i f t .  He a s c r ib e s  th e  l a t t e r  however 

to  l a t e r a l  com pression , f o r  w hich th e r e  i s  no ev id en ce . M agnitsky & 

K alashn ikova  (1970 p p .877-883)contend t h a t  th e  u p l i f t  i s  due to  r i s i n g  

geo therm s i n i t i a t i n g  a p hase  change in  th e  u p p er m a n tle , p ro d u c in g  l e s s  

dense m a te r ia l  th e re b y .

C o n sid erin g  th e  above e v id en ce , th e  p r e s e n t  w r i t e r  concludes t h a t  

a lth o u g h  th e  Kenya R i f t ,  i n  common w ith  o th e r  c o n t in e n ta l  r i f t s ,  has 

g e o p h y s ic a l c h a r a c t e r i s t i c s  which d i s t i n g u is h  i t  from c lo s e ly  a d ja c e n t 

r e g io n s ,  i t  i s  n o t m ere ly  a  c o n t in e n ta l  e x te n s io n  o f  th e  ocean r id g e  

system . I t s  t e c to n ic  p a t t e r n ,  and vo lcan ism  can be r e l a t e d  to
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su c c e s s iv e  e p e iro g e n e tic  movements o f  th e  Kenya Dome, and i t  i s  

b e l ie v e d  th a t  a l l  th r e e  a re  r e l a t e d  t o ,  and a re  th e  e f f e c t s  o f ,  

unknown p ro c e s s e s  in  th e  u pper m an tle .
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APPENDIX A. SPECIMEN LOCALITIES

11 specim ens ex cep t th o se  marked*' a re  from th e a u t h o r 's  a re a )

ECIMEN No. MAP REF. SPECIMEN N o .  MAP REF. SPECIMEN N o . MAP REF.

1 779389 70 795417 160 759542
4 776390 71 798435 161 754547
5 776589 72 791437 162 751568
6 767394 74 789433 164 764577
9 780394 75 793435 166 751581

12 773409 79 760402 168 812524
13 771408 80 769421 169 809524
14 772408 81 777437 171 807527
16 751401 82 772430 173 796537
22 778415 88 763444 175 783531
23 781417 89 763444 176 800560
23 782423 90 758394 177 791568
26 783422 99 759440 180 802578
27 792424 100 776431 182 796591
28 779399 101 774453 183 796591
29 776397 102 792449 184 789602
33 767397 104 728462 185 793614
34 744457 107 712453 188 812606
35 718448 108 716452 189 813606
36 756459 109 724428 190 803611
37 718454 110 723424 *191 800660
39 720446 114 707398 204 775619
40 748475 115 710407 *205 772633
4 l 738491 116 705402 209 806503
43 718485 121 727503 219 77161]
44 757499 122 727496 220 764617
45 752502 123 726505 221 764617
47 752496 128 744544 225 680396
48 762509 129 754527 226 333402
49 759468 130 758524 227 329402
50 768481 131 758509 228 327400
52 781487 136 265438 232 298391
53 767497 137 292441 234 292384
54 767500 139 319421 235 292389
56 774505 140 323414 236 293387
57 784497 l 4 l 325421 237 276411
58 785498 142 316427 240 283389
59 777499 143 321438 242 678508
62 770417 144 325441 *243 682634
63 766417 149 722542 246 278603
64 763413 152 694515 247 307629
65 766412 156 767506 248 330623
66 766407 157 774520 249 663609
67 760397 158 771516 250 669593
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SPECIMEN N o . MAP REF. S P E C IM E N  No. Mi'JP REF. SPECIMEN N o . MAP REF.

252 670391 331 724611 394 193414
254 720339 334 331480 393 194418
258 704389 333 323463 396 187401
259 672422 336 273462 397 182399
260 672422 337 276448 399 199480
262 682426 343 327447 400 201480
263 672419 344 323432 401 210478
267 296380 343 323434 404 238389
268 276362 346 032384 403 234388
273 703377 348 038404 406 237389
274 700367 349 043402 4o8 232420
275 696336 330 063391 409 239426
276 692339 331 088424 410 243429
277 691362 332 100426 4 l l 248431
278 694366 333 083397 412 233433
280 703333 333 117383 413 234407
281 673373 336 069392 4 l4 234404
282 690330 339 063432 413 263403
283 688379 360 033427 417 229463
286 698332 361 039432 4 l8 231463
287 709331 362 004417 419 236463
288 671361 363 074443 420 179499
289 323339 363 043472 421 171300
291 672612 366 026477 423 184314
293 271393 367 073460 424 148490
299 267372 368 083493 423 133483
300 272339 369 096493 426 263438
301 272339 372 071493 427 239432
302 336399 373 031306 428 236432
303 699614 376 196432 429 241462
303 682606 377 196432 430 241462
306 681333 380 177439 431 233471
307 689319 ' 381 184443 433 234494
311b 664396 382 192438 433 239470
314 300340 383 183427 437 226483
318 262343 384 184429 438 226489
320 284341 383 181429 439 224486
323 278317 386 199436 440 202313
324 271497 389 178462 441 202311
323 267492 390 183462 442 207484
326 271497 391 188470 443 208486
328 264314 392 186471 444 233498
330 311499 393 183409 443 233313
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APPENDIX G. ABBREVIATIONS, CHAPTER 3*

A - a u g i te

amph - am phibole

a n a l - a n a l c i t e

ap - a p a t i t e

bowl - b o w lin g ite

Comp - com position

c t - c a l c i t e

F - f e ld s p a r

fe r ru g - fe r ru g in o u s

Fsp - f e ld s p a th o id

f s p a r - F e ld s p a r

gmass - groundm ass

g ra in s - g ra d a t io n s

id d - id d in g s i t e

11 - i lm e n i te

in tv - r s t - i n t e r s t i t i a l

mt - m a g n e tite

Ne - n e p h e lin e

0 ,o l - o l iv in e

P ,p la g - p la g io c la s e

ph x t - p h e n o c ry s t

pseud - pseudomorphed

px - pyroxene

Sod - s o d a l i t e

t i t a u g - t i t a n a u g i t e

V - v e ry

w w ith
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