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ABSTRACT

The Kamasia H i l l s  a re  formed e s s e n t i a l ly  by a l in e  o f *en 

echelon* t i l t e d  b lo ck s  w ith in  th e  main r i f t  v a l le y  in  n o r th e rn  

Kenya* The m etam orphic basement c rops ou t lo c a l ly  a t  th e  fo o t o f 

th e  e a s te r n  f a u l t - s c a r p s  o f  th e  range and i s  o v e r la in  by th e  

th ic k e s t  sequence o f  th e  l a t e  Miocene p la te a u  p h o n o lite s  so f a r  

kn^wn, i n  Kenya* T h is  sequence, -which in c lu d e s  m inor am ounts o f 

b a s ic  and  in te rm e d ia te  la v a s  and th ic k  sed im en ta ry  u n i t s ,  i s  des

c r ib e d , to g e th e r  w ith  t h a t  o f  a. th ic k  s e r ie s ,  o f  P lio ce n e  b a s a l t s ,  

t r a c h y te s  and f o s s i l i f o r o u s  sedim ent a ., exposed in  th e  f o o t - h i l l s  to  

th e  e a s t  o f  th e .m a in  ra n g e . I s o to p ic  (K-Ar) age d e te rm in a tio n s  

from th e  la v a s  f a c i l i t a t e  th e  d a tin g  c f  t h e  m ain ^g eo lo g ica l e v e n ts .

D eform ation  i s  by norm al f a u l t in g ,  a s s o c ia te d  w ith  b lock  

t i l t i n g  and f a u l t —bounded f le x u r in g  cn  axes norm al to  th e  dominant 

f a u l t  t r e n d .  F a u l t in g  ep iso d es  a re  i d e n t i f i e d  by c o n s id e ra t io n  o f 

s t r a t i g r a p h ie  r e l a t io n s h ip s  and movement on th e  l a r g e s t  f a u l t s  i s  

shown to  have o ccu rred  re p e a te d ly . Major f e a tu r e s  o f  th e  geomorpho

lo g y  a r e  d e sc r ib e d  and a  geom orphic-tec to n ic  h i s to r y  i s  c o n s tru c te d  

f o r  th e  a re a*

V olcanism  was m ainly  o f  th e  * p la te a u , lava* ty p e ; v e ry  few v o l

c a n ic  c e n tr e s  were found i n  th e  a re a  but i t  i s  ap p a ren t t h a t  th e  

w este rn  l i m i t s  o f  bo th  v o lc an ic  a c t i v i t y  and minor f a u l t in g  have 

moved tow ards th e  r i f t  c e n tre  V tth  tim e . The p e tro g rap h y  o f  th e  

la v a s  i s  summarised and f i f ty - o n e  r e p r e s e n ta t iv e  chem ical a n a ly se s  

a re  p re s e n te d  and d is c u s se d . A m ajor f a u l t in g  ep isode  in  th e  e a r ly  

P lio c e n e  w hich, from f i e l d  r e l a t i o n s ,  c l e a r ly  te rm in a te d  th e  phase 

o f p h o n o lite  la v a  e x tru s io n  i s  shown a ls o  to  d e f in e  a  d i s t i n c t  

p e tro c h em ica l b re a k -w ith  re s p e c t  to  both  the. m afic and th e  f e l s i c  

la v as*  Problem s o f  p e tro g e n e s is  a re  b r i e f ly  c o n s id e re d .
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INTRODUCTION

( u) L o ca tio n  o f th e  a re a , p o p u la tio n  and com m unications

The a re a  mapped l i e s  between 0^43* N and 1°00* N, and 33°37* E (a p p ro x .)  

and 36^00' E, com prising  a t o t a l  a re a  o f 400 square  m ile s . The c r e s t  o f 

th e  Kamasia H i l l s * ,  r i s i n g  to  over 6000 f e e t ,  b i s e c t s  th e  a re a  on a 

n o r th - s o u th  l i n e ,  flan k ed  by th e  K erio V a lley  on th e  w est and by th e  

c e n t r a l  f lo o r  o f th e  r i f t  to  th e  e a s t .

South o f th e  a re a  th e  Kamasia r i s e s  to  i t s  maximum h e ig h t o f 8203 

f e e t  a t  Saimo and co n tin u es  as  a fe a tu re  as f a r  a s  E ldama R avine, fo u r 

m ile s  n o r th  o f th e  e q u a to r . A few m iles  n o r th  o f th e  a re a  th e  K ito  Pass 

s e p a ra te s  th e  Kamasia H i l l s  from th e  h i l l -m a s s  o f T i a t i  and Ribkwo.

The a re a  in c lu d e s  th e  whole o f Ngorora L o ca tio n  and p a r t  o f K aboskei 

L o ca tio n  o f th e  Tugen t r i b e ,  to g e th e r  w ith  th e  so u th e rn  co rn e r o f Ribkwo 

L o ca tio n  and th e  e a s te rn  edge o f Loyamarok L o ca tio n , bo th  occupied  by th e  

Fckot t r i b e .  The h e a d q u a rte rs  o f th e  D i s t r i c t  Commissioner i s  a t  K abarnet, 

tw enty  m ile s  sou th  o f th e  a re a ; th e re  i s  a p o lic e  p o st and a p o s t o f f ic e  

a t  bo th  K abarnet and M arig a t.

The Tugen, in  th e  p re se n t a re a , keep sm all numbers o f l iv e s to c k  but a re  

c h ie f ly  a g r i c u l tu r a l ,  growing m i l l e t ,  maize and cassav a  in  sm all f i e l d s  cu t 

out o f th e  bush, o f te n  on v e ry  s te e p  s lo p e s . The Pokot, in  c o n t r a s t ,  a re  

e n t i r e l y  p a s to r a l ,  w ith  la rg e  h e rd s  o f c a t t l e ,  g o a ts ,  cam els and a few sheep . 

T h is  d i s t i n c t io n  la r g e ly  r e f l e c t s  th e  a l t i t u d e ,  and th u s  th e  r a i n f a l l ,  o f 

th e  a re a s  occupied  by th e  two t r i b e s .  Where th e  Tugen lo c a t io n s  cover p a r ts  

o f  th e  low dry bush th e  people have adopted  th e  p a s to r a l  way o f l i f e  o f

* P erhaps more c o r r e c t ly  term ed th e  'Tugen H i l l s ' , bu t bo th  names a re  
p u b lish e d  on c u rre n t D .O.S. maps. 'K am asia ' i s  r e ta in e d  h e re  to  g ive  
c o n t in u i ty  w ith  th e  bulk  o f th e  p rev io u s  l i t e r a t u r e  on th e  g e n e ra l 
a r e a .
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t h e i r  Pokot n e ig h b o u rs , a lth o u g h  t h e i r  t r a d i t i o n a l  home i s  in  th e  h i l l s *  

Except fo r  th e  w a te r le s s  Sidekh range in  th e  n o r th  th e  a re a  i s ,  by Kenya 

s ta n d a rd s , f a i r l y  w e ll p o p u la ted .

The on ly  r e a l l y  r e l i a b l e  road  i s  t h a t  from M arigat to  Nginyang which 

ru n s  p a r a l l e l  t o ,  and two o r th re e  m iles  to  th e  e a s t  o f , th e  e a s te rn  

boundary o f th e  a re a  ( f ig *  2 ) .  The K abarnet-B artabw a road  i s  u s u a lly  

p a ssa b le  i n  a l l  w eath ers  by four-w heel d r iv e  v e h ic le s  but th e  o th e r  t r a c k s  

shown on th e  map a re  d i f f i c u l t  and h a rd ly  ever re p a ire d  by lo c a l  

i n i t i a t i v e *  S u p p lie s  fo r  many local, shops and m arkets a re  tra n s p o r te d  by 

donkeys*

(b ) C lim ate , v e g e ta tio n  and fauna

The c lim a te  c lo s e ly  r e f l e c t s  th e  v a r ia t io n s  in  a l t i t u d e  o f th e  a r e a .  

There a re  no r a i n f a l l  re c o rd in g  s ta t io n s  in  th e  a re a  but by o b se rv a tio n  

and e x tr a p o la t io n  from f ig u re s  o b ta in ed  from f u r th e r  so u th  (V/alsh I 969 ) 

th e  h ig h e s t  p a r t s  o f th e  a re a  re c e iv e  p e r annum, w hile  th e  Nginyang

a re a  (28C0*) i s  judged to  have l e s s  th an  25" p e r annum. R a in f a l l  u s u a lly  

o ccu rs  in  two p e r io d s ; th e  'lo n g  r a i n s '  from March to  May and th e  's h o r t  

r a i n s '  i n  November and e a r ly  December but th e y  a re  n o to r io u s ly  u n re lia b le *  

Shade te m p e ra tu re s  r i s e  to  more th a n  90^ F . in  th e  low est a re a s  

w ith  n ig h t  tem p e ra tu re s  f a l l i n g  to  60^ F . , bu t c o n d itio n s  a re  g e n e ra l ly  

c o o le r  i n  th e  h i l l s ,  n ig h t tem p e ra tu res  o f te n  f a l l i n g  to  45° F *

The o v e r a l l  environm ent i s  d ry  bush co u n try  w ith  la rg e  t r e e s  only  

on w ater c o u rse s , bu t th e re  i s  a  s t r ik in g  v e r t i c a l  b io lo g ic a l  zo n a tio n , 

e s p e c ia l ly  in  th e  f l o r a ,  which i s  (w ith  a t  l e a s t  one n o ta b le  ex cep tio n ) 

in d ep en d en t c f  th e  geo logy . The ex cep tio n  i s  a type  o f t r e e ,  c h a ra c te r is e d  

by a  v e ry  s t r a i g h t  tru n k  and branches a rran g ed  in  sem i-pendant t i e r s ,  

which i s  e n t i r e l y  r e s t r i c t e d  to  o u tc ro p s  o f t r a c h y te  o r tra c h y p h o n o lite  

a t  below 4500 f e e t  a l t i t u d e .  Lacking any more s p e c i f ic  b o ta n ic a l  s tu d ie s  

in  th e  a re a  th e  w r i te r  can only  re c o rd  th a t  a f t e r  some tim e in  th e  f i e l d  

he was a b le  to  e s tim a te  a l t i t u d e  to  w ith in  300 f e e t  ( a t  some le v e ls )



sim ply  by th e  a sp e c t o f th e  v e g e ta tio n *  G rass p robab ly  fo rm erly  covered 

most o f th e  a re a  b u t h as  been alm ost com pletely  d e s tro y ed  by o v e r-g ra z in g  

in  th e  low er a r e a s ,  where s o i l  e ro s io n  i s  p roceed ing  ra p id ly *

B ird  s p e c ie s  a ls o  showed v e r t i c a l  zo n a tio n , many s p e c ie s  e .g .  

to u ra c o , red -ch eek ed  co rd o n -b leu , red -headed  weaver and th e  l a r g e r  h o rn - 

b i l l s  be ing  r e s t r i c t e d  to  th e  h i l l s ,  w hile  f r a n c o l in s ,  b u ffa lo  weaver, 

many r a p to r s  and la rg e  ground b ird s  such a s  th e  ground h o r n b i l l  and k o r i  

b u s ta rd  a re  more ty p ic a l  o f th e  low dry  bush* The Baringo a re a  g e n e ra lly  

i s  famous fo r  i t s  abundant b i r d - l i f e .

Large an im als  a re  sca rc e  over most o f th e  a re a , bu t G ran t’ s  g a z e lle  

may be seen  on th e  p la in s  and g re a te r  kudu in  rocky h i l l  a re a s  o f th e  

Pokot country*  Most o f th e  in d igenous c a rn iv o ra  a re  common, w ith  th e  

e x ce p tio n  o f  l i o n .  (One v ag ran t l io n  was sp eared  in  th e  a re a  w hile  th e  

W Titer was working th e re * )  Pygmy a n te lo p e s  (d ik - d ik ,  k l ip s p r in g e r )  and 

o th e r  sm all mamraals a re  abundant* In  th e  bush and r iv e r in e  f o r e s t  o f 

th e  K erio  V a lley  la rg e  an im als, in c lu d in g  e lep h an t and b u f f a lo , a re  

re p o r te d  to  be p l e n t i f u l ;  in  view o f i t s  la c k  o f g e o lo g ic a l i n t e r e s t  th e  

w r i te r  d id  no t c lo s e ly  examine th a t  area*

(c )  D rainage and w ater re so u rc e s

The c r e s t  o f th e  Kamasia i s  th e  w atershed  between d ra in ag e  eastw ards 

to  th e  Burususwa R iver (which becomes th e  Suguta f u r th e r  n o rth )  and 

w estw ards to  th e  K erio R iver which i s  th e  w este rn  boundaiy of th e  a re a  

mapped ( f i g ,  3)* The K erio i s  th e  on ly  la rg e  permanent stream  in  th e  

a re a  and i t s  t r i b u t a r i e s  a t  G uigui and Kinyach a ls o  have a permanent 

flo w . In  th e  h i l l s  th e  Bartabwa r i v e r ,  fed  by s tream s from th e  Rimo 

p la te a u ,  flow s a s  f a r  a s  th e  fo o t o f th e  main escarpm ent fo r  most o f th e  

y e a r ,  and s p r in g s  occur on th e  escarpm ent a t  th e  ju n c tio n  o f  p e rv io u s  

la v a s  w ith  u n d e rly in g  sed im en ts , e s p e c ia l ly  n ea r Chepkesin*

A lthough numerous w a te rco u rses  occur in  th e  low co u n try  to  th e  e a s t
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ol th e  main s c a rp  th e y  on ly  c a r ry  w ater d u rin g  p e r io d s  o f  heavy r a in  and 

w ater i s  more u s u a l ly  o b ta in ed  by d ig g in g  w e lls  in  th e  r i v e r  b ed s . There 

i s  som etim es s u r fa c e  flow ing w ater a t  Yatya fo r  weeks a t  a tim e d u ring  

th e  r a in s  bu t th e  on ly  permanent su rfa c e  source  in  th e  low co u n try  i s  

a t  K i s i t e i  where a  sp r in g  feed s  a  la rg e  pool in  th e  g o rg e . At Nginyang 

w a ter can alw ays be o b ta in ed  from r e l a t i v e l y  shallow  e x ca v a tio n s  i n  th e  

sandy r i v e r  bed .

O b se rv a tio n s  suggest th a t  w ater i s  alw ays flow ing  a t  th e  bottom  of 

o f th e  ch annel a lluv ium  o f th e  l a r g e r  w a te r-co u rse s  and th e  occu rren ce  o f 

s u r fa c e  o r n e a r - s u r fa c e  w ater can f re q u e n tly  be r e l a t e d  to  th e  p resen ce  

o f n a tu r a l  ro ck  b a r r i e r s  a c ro ss  th e  s tream s; t h i s  i s  c e r t a in l y  th e  case  

a t  K i s i t e i ,  i.ukur and Kginyang. I t  seems l i k e l y  th a t  su b -su rfa c e  dams 

would be th e  b e s t w a te r-c o n se rv a tio n  tech n iq u e  in  t h i s  a r e a .

The rock  b a r r i e r s  r e f e r r e d  to  above a re  th e  r e s u l t  o f a  rem arkab le  

su p e r im p o s itio n  o f th e  d ra inage  p a t te r n  on th e  s t r u c tu r e  i n  th e  e a s t  o f 

th e  a r e a .  The developm ent o f th e  d ra in ag e  system  and r e l a t e d  e ro s io n  

s u r fa c e s  i s  d iscu ssed  f u l l y  in  P a rt I I I .

(d ) Conduct o f f ie ld -w o rk

Mapping was done on a e r i a l  photographs ( s c a le  1 :3 5 ,0 0 0  a p p ro x .) 

s u p p lie d  by L .U .o . and su b seq u en tly  t r a n s f e r r e d  to  th e  two 1 :5 0 ,0 0 0  

maps which la r g e ly  d e fin e  th e  a re a  b o u n d a rie s . These a re  s h e e ts  90 /2  

(B artabw a) and 20 /1  (Kapsowar) o f s e r i e s  Y 231, D .O .S. 1 :5 0 ,0 0 0  map o f 

Kenya•

In  th e  f i e l d  in fo rm a tio n  was t r a n s f e r r e d  to  th e  base map by 

in s p e c t io n  and th e  f i n a l  c o p ies  were p rep a red  u s in g  r a d i a l - l i n e  

p l o t t e r  and ’ s te r e o - s k e tc h ' in s tru m e n ts .

The to p o g rap h ic  survey  was c a r r ie d  out u s in g  a  te le s c o p ic  a l id a d e ,  

supplem ented  by d u a l-c o n tro l  a n e ro id  t r a v e r s e s  (w ith  J .S .C . S c e a l) .

The netw ork o f  h e ig h t d a ta  th u s  e s ta b l is h e d  was l a t e r  in t e n s i f i e d  by



pnotogram m etry, e n ab lin g  co n to u rs  to  be drawn a t  i n t e r v a l s  o f 100 f e e t  fo r  

th e  whole a r e a .

The f i e l d  work was done in  two f ie ld - s e a s o n s ,  from September I 966 to  

A p r il  I 9G7 cind F eb ru ary  to  ,iugust I 9 6 8 . A t o t a l  o f fo u r te e n  months, 

in c lu d in g  s h o r t  v a c a tio n s  and some la b o ra to ry  work a t  U n iv e rs ity  C o lleg e , 

N a iro b i, was sp en t in  th e  f i e l d .

L o c a l i t i e s  a re  d e fin e d  in  th e  t e x t  by fo u r -  and s ix - f ig u r e  map 

re fe r e n c e s  where place-nam es a re  i n s u f f i c i e n t .  Specimen numbers, e .g .  

2/ 16 2 , in  th e  t e x t  co rrespond  to  numbers in  th e  f i e l d  no tebooks, th e  

p r e f ix  *2’ r e f e r r in g  to  mapping a re a  *2’ o f th e  HiGRU p r o je c t .  (Note 

th a t  th e  second number i s  a  specimen number only  and does no t c o r re s 

pond to  a  l o c a l i t y  num ber.)

Specim ens, th in - s e c t io n s ,  f i e l d - s l i p s  and f i e l d  notebooks a re  

housed in  th e  Geology D epartm ent, Bedford C o llege  (U n iv e rs ity  o f London).

(e )  P rev ious work

V ir tu a l ly  no p rev io u s  g e o lo g ic a l work has been done i n  th e  p re se n t 

map a r e a ,  b u t th e  Kamasia Range has been known s in c e  th e  e a r l i e s t  

g e o lo g ic a l  in v e s t ig a t io n s .

Jo sep h  Thomson c ro sse d  th e  Kamasia n ea r îlabarnet in  I 883 and 

re p o r te d  (Thomson I 885 ) th a t  th e  range was composed o f  c r y s t a l l i n e  

metam orphic ro c k s , which m istake U alsh ( 1969» p .4) c h a r i ta b ly  su g g es ts  

was th e  r e s u l t  o f  co n fu sin g  h i s  n o te s  w ith  th o se  made e lsew h ere .

The s t r u c tu r e  and su ccess io n  in  th e  Kamasia a s  shown by Gregory 

( 1921 , p .1 0 8 ) i s  s u b s ta n t i a l ly  c o r re c t  in  o u t l in e .

B a ile y  W il l i s  (1936) d e sc r ib e s  th e  g e n e ra l B aringo a re a  but 

m is ta k en ly  a t t r i b u t e s  th e  K erio V alley  to  a  la r g e ly  e ro s io n a l  o r ig in ,  

w hereas i t  i s  now c le a r  th a t  i t  i s  a te c to n ic  v a l le y  w ith  a  v e ry  la rg e  

d isp lacem en t on th e  Elgeyo F a u l t ,  a s  o r ig in a l ly  shown by G regory (o p .c i t . ) .

V.E. Fuchs ( 1930 ) a ttem p ted  a  s y n th e s is  o f P le is to c e n e  ev en ts  in



th e  B aringo  a re a  but th e  r e s u l t s  a re  la r g e ly  e rroneous s im p lif ic a t io n s *

In  th e  co u rse  o f  th e  f ie ld -w o rk  in v o lv ed  D .J . Maclnnes v i s i t e d  th e  n o rth 

e a s te rn  c o rn e r  o f th e  p re se n t map a r e a .  He ap p ea rs  to  have walked w est

wards from Nginyang a s  f a r  a s  th e  b a sa lt-c a p p e d  o u t l i e r s  o f Kaperyon 

F orm ation  sed im en ts  a t  Motimyput (28o6); th e  sedim ents were a t t r ib u te d  

to  th e  ’ Kamasia sed im en ts ’ a s ,  a t  t h a t  tim e , were a l l  sed im ents in  th e  

B aringo a r e a .

The s e c t io n  g iven  by S h ack le to n  ( I 950 ) ,  from o b se rv a tio n s  by 

J .  S c o t t ,  shows th e  te c to n ic  d ip -s lo p e  o f  th e  Kamasia, w ith  i t s  su rfa c e  

o f  t r a c h y te  la v a s .

McCall e t  a l .  ( 1967 ) e lu c id a te d  th e  s t r a t ig r a p h y  o f th e  ’Kamasia 

la k e  b e d s’ o f  G regory ( o p .c i t . )  which were d e fin ed  a s  th e  Chemeron Beds 

and th e  K ap th u rin  Beds (se e  M artyn I 969 ) ,

The q u a r te r -d e g re e  sh e e t between K abarnet and Fldama Ravine was 

mapped fo r  th e  Kenya G eo lo g ica l Survey by v.’a lsh  ( I 969 ) ,  but th e  subsequent 

mapping o f k a r ty n  ( o p .c i t . )  and L ippard  (Ph.D . th e s i s  in  p re p a ra tio n )  

h a s  shown t h a t  W alsh’ s map i s  in a c c u ra te  in  s e v e ra l  im p o rtan t r e s p e c ts .

The p re s e n t mapping programme by th e  E ast ^ tfrican  G eo lo g ica l 

R esearch  U nit (& .GRU) ,  d ire c te d  by P ro fe sso r  B.C. King, was i n i t i a t e d  

by J .E .  M artyn in  I 9 6 5 . Martyn ( I 969 ) mapped th e  a re a  im m ediately  to  th e  

so u th  o f th a t  d e sc r ib e d  in  th e  p re se n t t h e s i s ,  where th e  su cc e ss io n  i s  

e s s e n t i a l l y  th e  same a s  t h a t  e s ta b lis h e d  by M artyn. The a re a  to  th e  

n o r th  was mapped by Mason and Gibson (1957) bu t has s in c e  been remapped 

by M.P. McClenaghan. The a re a s  to  th e  west and e a s t  o f th e  p re se n t a re a  

have now been mapped by S . J .  L ipiiard  and J .S .C . S cea l r e s p e c t iv e ly ,  and 

sy s te m a tic  mapping i s  co n tin u in g  th roughout B aringo and sou th  Turkana.

( f )  G eo log ica l s e t t in g

The E a s te rn , Kenya o r Gregory R if t  i s  e s s e n t i a l l y  a te c to n ic  tro u g h , 

a v e ra g in g  30 m ile s  (45 km) in  w idth  and ex tend ing  between 2°S and 2°N;



beyond th e se  l a t i t u d e s  i t s  n a tu re  becomes more d i f f u s e .  T o ta l v e r t i c a l  

d isp lacem en t re a c h e s  a  maximum of about 12,000 f e e t  (3 .6  km) bu t th e  tro u g h  

i s  l a r g e ly  f i l l e d  by C ainozoic v o lc a n ic s  which a ls o  th in ly  m antle th e  

f la n k  p la te a u x .

The b o u n d arie s  may be sim ple s in g le  f a u l t s ,  s e r i e s  o f ’ f a u l t - s t e p s ’ 

(o f te n  a rran g ed  *en ech e lo n * ), or f r a c tu re d  m onoclinal w arps. The l im i t s  

o f b o th  f a u l t in g  and th e  a s s o c ia te d  volcanism  have m ig ra ted  tow ards th e  

c e n tr e  o f  th e  r i f t  w ith  tim e . There i s  marked t i l t i n g  o f th e  p la te a u x  

away from th e  r i f t  sh o u ld e rs , but i t  should  be no ted  t h a t  th e  r i f t  o ccu rs  

a c ro s s  th e  c r e s t  o f a g e n e ra l up-w arp, o f te n  r e f e r r e d  to  a s  th e  * Kenya dome* 

The e f f e c t  o f  t h i s  can be seen even on th e  r i f t  f lo o r  which f a l l s  from 

about 6CX)0 fe e t  a t  Nakuru to  2000 f e e t  a t  th e  Suguta v a l le y  in  th e  n o r th  

and a t  Lalte M^gadi in  th e  so u th .

T ie  Kan.asia Range may be though t o f e i th e r  a s  a  huge t i l t e d  b lock  

w ith in  th e  r i f t ,  o r a s  th e  in te rm e d ia te  b lock  between a double w este rn  

r i f t  boundary, o f which th e  Elgeyo F a u lt  i s  one component and th e  Kamasia 

s c a r p - f a u l t s  th e  o th e r .  N orth o f 0^30’N h a rd ly  any v o lc a n ic  o r te c to n ic  

a c t i v i t y  h as  occu rred  west o f th e  Kamasia s c a r p - f a u l t s  in  th e  l a s t  8 

r d l l i o n  y e a r s ,  excep t fo r  a m ajor re ju v e n a tio n  o f th e  Elgeyo F a u lt  in  

th e  Q u a te rn a ry .

F ig u re  4 i s  a t r u e - s c a le  c ro s s - s e c t io n  o f th e  r i f t  a t  0*^43*N ( th e  

so u th e rn  b o rd e r o f th e  p re se n t th e s i s  map) sho’wing th e  r e l a t i o n  o f th e  

C ainozo ic  v o lc a n ic s  to  th e  te c to n ic  s e t t i n g .

..s Baker e t  a l .  ( in  p re s s )  have observed , th e  v o lc a n ic s  w ith in  

th e  r i f t  (o n ly ) may be d iv id ed  in to  c e r ta in  m ajor g ro u p s . These a re  

l i s t e d  on th e  l e f t  below, w hile  on th e  r ig h t  i s  th e  p re se n t w r i t e r ’ s 

su g g es ted  n u m erica l n o ta t io n  fo r  th e  g roups:
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Baker e t . a l . Chapman

U .P lio c e n e -P le is to c e n e ;

t r a c h y te s

M.P lio c e n e : b a s a l t s

U .K iiocene-L ,P lio cen e : 

p h o n o li te s ,  lo c a l  

t r a c h y te s

V olcanic group V

V olcanic group IV

V olcanic group I I I

V olcanic group I I

(b) Q uaternary  t r a c h y te /  

b a s a l t  vo lcanoes

(a )  Q uaternary  flo o d  la v a s ,  

m ainly t r a c h y t ic

M u lti-c e n tre  t r a c h y te  

’ sh ie ld s*

L. & M.Miocene: b a s a l t s  Volcanic group I

The p r o l i f e r a t i o n  o f lo c a l  fo rm ation  names has reached  th e  s ta g e  

when th e  use o f such names in  l i t e r a t u r e  o r d isc u ss io n  must alw ays be 

accom panied by e x p lan a tio n s  (o f te n  len g th y ) a s  to  t h e i r  r e l a t i v e  s t r a t i 

g ra p h ie  p o s i t io n .  The advantage o f th e  num erical system suggested  h e re  

i s  t h a t  a ro ck  u n i t  may be r e f e r r e d  to  a s ,  fo r  example, 'g ro u p  IV 

tra c h y te s*  and be i n s t a n t ly  p laced  w ith in  th e  g e n e ra l s t r a t ig r a p h ie  

fram ework.

I t  shou ld  be no ted  th a t  th e  rock  ty p e s  l i s t e d  a re  only  th o se  ty p ic a l  

o f  th e  in d iv id u a l  groups and do no t exclude o th e r  ty p es  from any g roup .

The p la c in g  o f sedim ents w ith in  t h i s  system i s  u s u a lly  e a s i ly  

decided  by s t r a t ig r a p h ie  r e la t io n s h ip s  such a s  u n c o n fo rm itie s .

The groups a re  l i t h o s t r a t ig r a p h ic  u n i t s  and do n o t th e re fo re  

n e c e s s a r i ly  b ear a  s t r i c t  ch ro n o lo g ica l r e la t io n s h ip  to  each o th e r .



In  f ig u re  4 * Miocene* i s  approx im ately  e q u iv a len t to  groups I  and 

I I ,  ’P lio c e n e ' to  group I I I  and 'Q u a te rn a ry ' to  group V, Group IV i s  

ab sen t a t  t h i s  l a t i t u d e ,  a s  a lso  i s  group I  on th e  Kamasia, u n le s s  i t  

i s  re p re se n te d  by a  th in  b a s ic  in te r c a l a t io n  o ccu rrin g  in  group I I .

Only group I I  h as any s ig n i f ic a n t  e x ten t beyond th e  co n fin es  o f th e  r i f t ,
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BiRT I : STRATIGRAPHY'

The o ld e s t  ro ck s  in  th e  a re a  sire th e  rocks o f th e  metamorphic base

ment exposed in  a  sm all ou tcrop  a t  th e  fo o t o f th e  main sca rp  in  th e  

extrem e so u th  o f th e  a r e a .  T his i s  th e  n o rth e rn  end o f th e  more ex ten s iv e  

o u tc ro p  mapped by Martyn ( 1969) .  The ro ck s  a re  h o rn b len d e -g n e isse s  

o f te n  w ith  a  dense netw ork o f in t r u s iv e  g r a n i t i c  o r g r a n o d io r i t ic  v e in s  

up to  2 f e e t  th ic k .  F o l ia t io n  o f th e  metamorphic ro ck s  s t r ik e s  V/îTv/-ESS, 

d ip p in g  s te e p ly  no rth w ard s . The metamorphic basement ro ck s  o f th e  a re a  

a s  a whole a re  though t to  be p a r t  o f th e  'Mozambique B e l t ' ,  i n  which 

i s o to p ic  d a te s  o f metamorphism and l a t e r  in t r u s io n s  range between l a t e  

pre-C am brian and O rdovician  (Cahen & S n e llin g  I 966 , p .29 ) .

The metamorphic basement i s  d i r e c t ly  o v e r la in  by th e  base of th e  

C ainozoic su cc e ss io n ; th e re  i s  no th ing  resem bling  th e  'Kamego Form ation ' 

o f Martyn ( I 9 6 9 , p p .l8 -2 2 ) .  The com plete C ainozoic su ccessio n  i s  shown 

in  f ig u re  5* I t  w i l l  be seen th a t  v o lcan ic  group I i s  ab sen t from th e  

a re a  (u n le s s  re p re se n te d  by th e  Noroyan F orm ation), groups I I  and I I I  a re  

w e ll re p re se n te d  but groups IV and V, elsew here very  th ic k ,  a re  re p re 

se n te d  in  t h i s  a re a  on ly  by a  s in g le  la v a  flow in  each c a se , w ith  th e  

a d d i t io n  o f  th e  L okw ale ib it b a s a l t s .

The chief interest of the Kamasia succession lies in the great thick

ness of the group II plateau phonolites, and in the fact that about half 

of the total succession, including fossiliferous sediments, can be placed 

in the Pliocene, the status of which system in southern Africa has 

hitherto been in some doubt.

(a )  V olcanic group I I  -  Tugen H i l l s  Group

I t  was proposed by Martyn (o p .c i t . )  th a t  a l l  th o se  fo rm ations (w ith  

th e  e x ce p tio n  o f th e  Kamego Form ation) above th e  metamorphic basement 

and below th e  w idespread  unconform ity beneath  th e  K abarnet T rachyte
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shou ld  compose th e  Tugen H i l l s  Group. The fo rm atio n s  o f th e  group a re  

c h ie f ly  l i t h o l o g i c a l l y  d i s t in c t iv e  p h o n o lite  la v a s , bu t th in  u n d e rsa tu ra te d  

b a s ic  la v a s  a ls o  occur and th ic k  sedim entary  fo rm ations form a co n sid e ra b le  

p ro p o r tio n  o f  th e  upper p a r t .

The group i s  th e  approxim ate e q u iv a len t o f th e  ’p la te a u  p h o n o li te s ’ 

o f Baker e t  al» ( i n  p r e s s ) ,  and th u s  o f th e  w r i t e r ’ s  ’group I I ’ , which 

occu rs  over la rg e  a re a s  o f th e  Kenya p la te a u  but th e  t o t a l  th ic k n e ss  

( 65OO') in  th e  p re se n t a re a  i s  g re a te r  th an  th a t  seen anywhere on th e  • 

p la te a u x  o r R if t  sh o u ld e rs ; i t  seems th a t  p h o n o lite s  both  o ld e r  and younger 

th an  th e  bu lk  o f th e  p la teau x  su ccess io n s  occur in  th e  Kamasia. R egional 

c o r r e la t io n  and ra d io m e tric  ages a re  f u r th e r  co n sid ered  in  a conclud ing  

s e c t io n  (P a r t  I f ) ,

The ’Sairno P h o n o li te s ’ o f îîa rty n  have been renamed ’Sidekh P h o n o li te s ’ 

( q .v , )  and M artyn*s Tiim P h o n o lite s  have been subd iv ided  in to  members 

which s a t i s f y  a l l  th e  c r i t e r i a  fo r  being  e le v a te d  to  fo rm a tio n s . However 

th e  fo rm a tio n a l rank  o f th e  Tiim P h o n o lite s  i s  r e ta in e d  fo r  th e  p re se n t 

to  m inim ise co n fu s io n ,

1 . Sidekh P h o n o lite s  Form ation

( i )  P h o n o lite s

T h is  i s  th e  Saimo P h o n o lite s  Form ation o f Martyn (o p .c i t . ) .  The 

fo rm atio n  h as  been renamed c h ie f ly  because th e  Saimo s e c tio n  i s  r e l a t i v e l y  

th in  ( f i g ,  7 ) compared to  th a t  on th e  Sidekh range on th e  p re se n t map 

and a ls o  because ’Saimo’ a s  a  form ation  name i s  a lso  used by Martyn fo r  

a  s e p a ra te  fo rm ation  of b a s a n i t ic  la v a s .

The fo rm atio n  h as been d iv id ed  fo r  mapping purposes in to  two sub

d iv is io n s :  in  th e  low er flow s, com prising from th re e  to  seven p h o n o lite s  

and in te r c a l a te d  s h a le s , th e  p o rp h y r it ic  flow s la c k  b i o t i t e  p h en o cry sts ; 

in  th e  upper flow s, two in  th e  so u th , fou r o r f iv e  in  th e  n o r th , b i o t i t e  

p h en o c ry sts  a re  conspicuous in  th e  p o rp h y r it ic  flo w s. The in v e s t ig a t io n  

o f  th e  s t r a t ig r a p h ie  s ig n if ic a n c e  o f phy ric  b i o t i t e  was made a t  th e  sug-
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g e s tio n  o f  D r. L . i i . J .  W illiam s, in  whose c l a s s i f i c a t i o n  o f E ast A frican  

p h o n o lite s  (W illiam s 1968) th e  ’Mara' and ’K ericho’ ty p e s  a re  sep a ra te d  

by th e  absence and p resen ce , re s p e c t iv e ly ,  o f p h y ric  b i o t i t e ;  t h i s  i s  

e s s e n t i a l l y  a  s p l i t t i n g  of P r io r ’ s ( I 9O3 ) o r ig in a l  ’L osagu ta’ ty p e .

No ’b ig -n e p h e lin e ’ p h o n o lite s  ( 'K a p i t i ’ ty p e , N eilson  1921 , W illiam s I 96S) 

occur in  th e  Kamasia su cc e ss io n . (See a ls o  P a r t  IV h.)

The p h o n o lite s  a re  dark b lu e -g re y , green  or p u rp le  ro ck s , v e ry  f in e 

g ra in e d  o r a p h a n it ic  w ith  a c h a r a c te r i s t i c  r a th e r  b r i t t l e  conchoidal 

f r a c tu r e .  Deep w eathering  to  a  w h itish  ( ? k a o l in i t i c )  rock  occurs a t  th e  

to p s  o f flo w s, but a  th in  p a le  p a tin a  i s  p re sen t on th e  ro ck  in  most 

ex p o su res . S c a tte re d  a l t e r e d  n ep h elin e  phen o cry sts  a re  u s u a lly  v i s i b l e ,  

w ith  l a th s  o f f r e s h  fe ld s p a r ,  in  th e  p o rp h y r it ic  ty p e s . B io t i te  i s  

prom inent in  p o rp h y r i t ic  ty p es  in  th e  upper flo w s. The n ep h e lin es  may be, 

in  e x c e p tio n a l c a se s , up to  10 mm. in  le n g th  but a re  u s u a lly  l e s s  than  

3 mm.; in  c o n tr a s t  to  th e  f re s h  w a te r -c le a r  n ep h e lin es  in  th e  Tiim and 

Lv/alel p h o n o lite s  ( q .v . )  th o se  in  th e  Sidekh P h o n o lite s  a re  in v a r ia b ly  

tu r b id  and a l t e r e d .  P henocrysts  a re  w e ll s c a t te r e d ,  not more th an  two or 

th re e  o f a l l  ty p es  being v i s ib le  in  th e  average ( l ” ) th in - s e c t io n ,  and 

th e se  p h o n o lite s  a re  no t n e a r ly  a s  p o rp h y r i t ic  a s  chem ica lly  s im ila r  ty p e r  

from th e  L a ik ip ia  escarpm ent (S c e a l, Ph.D. th e s i s  in  p re p a ra t io n ) .

The fo rm ation  t o t a l s  2300 f e e t  a t  th e  so u th ern  border o f th e  a re a , 

t h i s  th ic k n e s s  in c lu d in g  23O fe e t  of sed im en ts . The p h o n o lite s  a re  th ic k  

( 25O-3OO f e e t )  m assive flow s u s u a lly  w ith  w eathered to p s  and b re c c ia te d  

b a se s . The c e n t r a l  p a r t  o f each flow  i s  r e l a t i v e l y  more r e s i s t a n t  to  

e ro s io n  and sp u rs  on th e  sou thern  (Kamuiton) escarpm ent have, fo r  t h i s  

re a so n , a  s tep p ed  appearance , a ccen tu a ted  in  p la c e s  by th e  sedim entary  

i n t e r c a l a t i o n s .  In  th e  n o rth e rn  ou tc rop  th e re  i s  much l e s s  i n t r a -  

fo rm a tio n a l w eathering  o f th e  flow s, which occur in  g re a te r  number than  

in  th e  s o u th . The e f f e c t  on th e  topography i s  to  produce a much smoother 

s lo p e  p r o f i l e  on th e  Sidekh sc a rp , la c k in g  th e  c rag s  and s te p s  of
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th e  so u th ern  o u tc ro p . I t  shou ld , however, be s ta te d  th a t  te c to n ic  and 

e ro s io n a l  h is to r y  a re  a ls o  im portan t f a c to r s  in  t h i s  r e s p e c t .

The base o f th e  fo rm ation  i s  only  seen in  th e  extreme so u th  o f th e  

a re a  bu t th e  fo rm atio n  i s  h e re  th ic k e r  than  on th e  Saimo sca rp  a few m iles  

to  th e  so u th  (M artyn o p .c i t . ) .  McClenaghan ( o p .c i t . )  re c o rd s  4000 fe e t  

o f th e  fo rm atio n  r e s t in g  on th e  basement im m ediately n o rth  o f th e  p re sen t 

a r e a ,  and h a s  shown th a t  th e r e ,  th e  low er flow s a re  overlapped  by th e  

b io t i t e - b e a r in g  upper flow s which r e s t  d i r e c t ly  on th e  basement on th e  

w este rn  s id e  o f w a te r-sh e d . Although most o f th e  upper flow s a re ,  in  

f a c t ,  ap h y ric  th e  low est b io t i te - p h y r ic  flow  ( 2/ 322) ,  which i s  probab ly  

a ls o  th e  most p o rp h y r i t ic  p h o n o lite  in  th e  whole o f th e  Tugen H i l l s  Group, 

i s  an ex trem ely  d i s t in c t iv e  mapping h o riz o n .

In  f ig u r e  7 , in  co n sid e rin g  th ic k n e ss  v a r ia t io n ,  th e  Noroyan fo r 

m ation i s  coupled to  th e  Eidekh P h o n o lite s  because Martyn (o p .c i t . ,  

f i g .  22) im p lie s  th a t  in  th e  Saimo a re a  th e  upper p h o n o lite  o f th e  

’Saimo P h o n o li te s ' and th e  b a s ic  la v a s  o f th e  K apkiai T ep h rite  : Saimo 

B a sa n ite s  a re  to  some e x te n t m utually  e x c lu s iv e ; i t  i s  p o s s ib le  th a t  a  

s im i la r  r e la t io n s h ip  e x i s t s  between th e  Sidekh and Noroyan fo rm ations 

o f th e  p re se n t a r e a .

( i i )  Sedim ents

The sed im ents o f th e  so u th ern  o u tcrop  occur in  th re e  main h o riz o n s : 

th e  b a sa l sed im ents (Chepkuno g r i t  & b re c c ia  and T in y é rin y é r Beds of 

M artyn, o p .c i t . ,  p p .23-27) a re  assumed to  occur above th e  basement in  th e  

extrem e so u th , a lth o u g h  th e y  were not lo c a te d  in  th e  southernm ost stream  

s e c t io n s  du rin g  a j o in t  survey by Martyn and m yself. The green  sh a le s  

o c c u rr in g  a t  th e  extrem e fo o t of th e  sca rp  below Kamuiton can p robab ly  

be a s c r ib e d  to  th e  T in y é rin y é r Beds o f Martyn to  which th ey  bear a 

s tro n g  l i t h o l o g i c a l  resem blance, c o n s is t in g  alm ost e n t i r e ly  o f  g reen  

tu f fa c e o u s  s h a le s  and re d d ish  mudstones w ith  green  re d u c tio n  s p o ts .  In  

th e  B argetyo R iv er th in  l e n t i c u l a r  mudflake conglom erates occur w ith in
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th e  m udstones. The exposed th ic k n e ss  i s  h e re  between 30  and 20 f e e t .

The m iddle sed im en tary  u n i t ,  o f green  tu ffa c e o u s  s h a le s ,  re p re s e n ts  

th e  low er p a r t  o f th e  nimeno S hales  and m arls o f Martyn (o p .c i t . ,  pp .2 7 - 

2 9 ) • T h is  i s  v e ry  th in  (20-30 f e e t )  and was no t reco g n ised  in  th e  c e n t r a l  

p a r t  o f  th e  so u th ern  o u tc ro p . A s im ila r  u n it  ag a in  occurs n e a r th e  base 

o f th e  s c a rp  below Kamuiton a t  about th e  same h o riz o n .

The upper sedim ents compose th e  th ic k e s t  o f th e  th re e  sedim entary  

u n i t s  and a re  th e  bulk  o f fla rty n ’ s Aimeno s h a le s  and m a rls . They c o n s is t  

o f  160-200  f e e t  o f predom inantly  g reen  s h a le s , s i l t s t o n e s  and th in -  

bedded w h itis h  p o rc e llan o u s  m udstones. In  th e  southernm ost r iv e r - s e c t io n  

th e  low er p a r t  o f th e  u n it  i s  p redom inantly  re d  in  co lo u r and in c lu d e s  

a  p u rp le - re d  s t r u c tu r e le s s  agglom erate w ith  l a p i l l i  and b locks o f pumice, 

p h o n o lite  and welded t u f f  up to  one fo o t a c ro ss  in  a  f in e -g ra in e d  m a trix .

An ap p a ren t s te e p  (43°) eastw ard  d ip  was observed a t  one exposure o f red  

s t r u c tu r e le s s  t u f f  but t h i s  may have been an e x f o l ia t io n  e f f e c t .  I f  i t  

i s  a t r u e  d ip  i t  i s  p o s s ib le  th a t  th e  o u tcrops re p re se n t a  sm all lo c a l  

ash -cone in  th e  sed im entary  b a s in .

The ty p ic a l  g reen  sh a le s  o f t h i s  u n i t  ou tcrop  in  th e  Noroyan R iver 

a re a  o f th e  n o rth e rn  ou tcrop  but th in  ra p id ly  northw ards and a re  no t seen 

i n  th e  main S idekh ran g e , where th e  only  c l a s t i c  ro ck  i s  a  very  th in  

h o riz o n  o f agglom erate in  th e  lower flow s.

No ev idence o f eu x in ic  o r s a l in e  c o n d itio n s , o f th e  type  d e sc rib e d  

by M artyn ( o p .c i t . ,  p .28 ) was seen in  th e  p re sen t a r e a .

In  view o f th e  c o r r e la t io n  between sedim entary  th ic k n e sse s  and te c to n ic  

r e l i e f  ( f i g .  I 7 ) i n  th e  cases  of th e  Muruywr Beds and N gorora Form ation 

th e  w r i te r  i s  s c e p t ic a l  o f M artyn’s a s s e r t io n  th a t  du ring  th e  p e rio d  o f 

th e  S idekh and Tiim p h o n o lite s  th e  Saimo a re a , ( in c lu d in g  th e  Kamuiton 

a re a  on th e  p re se n t map), was ’ one o f subsidence and sedim ent accum ula tion ’ 

( o p .c i t . ,  p .3 9 ) .  I t  i s  v e ry  p robab le  th a t  th e  Sidekh Form ation sed im ents, 

on ly  exposed a t  p re se n t in  what a re  v i r t u a l l y  tw o-dim ensional s e c tio n s  in
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t e c t o n ic a l ly  ’h ig h ' a re a s ,  have much th ic k e r  c o u n te rp a r ts  concealed  on 

th e  dow n-fau lted  s id e  o f th e  main sca rp  f a u l t s ,  and a re  analogous in  t h i s  

re s p e c t  to  th e  younger sedim ents o f th e  group.

2 . Noroyan Form ation

A fo rm atio n  o f b a s a l t i c  la v a s  p e r s is t in g  th roughout th e  ou tc rop  o f 

th e  Tugen H i l l s  Group in  th e  a re a . The most so u th e r ly  tongue o f th e  

fo rm atio n  ex ten d s so u th  of th e  p re sen t a re a  a s  th e  ’K apkiai t e p h r i t e s ’ 

o f Miartyn ( o p .c i t . ,  p p .29- 30 ) .

P e tro g ra p h ic a lly  th e se  la v a s  a re  ve ry  s im ila r  in  many re sp ec ts  to  

ro c k s  d e sc rib e d  by Martyn a s  ’a n a lc i te  b a s a n i te s ’ and 'a n a l c i t e  t e p h r i t e s ’ , 

in  th e  ’Saimo b a sa n ite s  and t e p h r i t e s ’ and th e  ’K apkiai t e p h r i t e s ’ ; but 

in  view o f  th e  f a c t  th a t  th e  groundraass p la g io c la s e  i s  predom inantly  l e s s  

c a lc ic  th an  An^g, both in  th e  rocks d e sc rib ed  by Martyn and in  th o se  o f 

th e  p re s e n t a re a  ( f i g .  3 3 ) ,  th e  w r i te r  p re fe r s  th e  term s ’a n a lc i t e -  

h a w a i i te ’ and ’a n a lc i te -m u g e a r i te ’ (se e  P a rt IV a ). They a re  u s u a lly  dark  

g rey  to  b la c k , f in e -g ra in e d  o c c a s io n a lly  g la ssy  ro c k s , w ith  phen o cry sts  

o f pyroxene sometimes very  abundant and ( l e s s  commonly) p la g io c la s e  

v i s i b l e  i n  hand-specim en. O liv ine  phen o cry sts  a re  r a r e ly  seen .

The fo rm atio n  a t t a i n s  i t s  maximum development on th e  Charkum range 

and i s  w e ll exposed i n  th e  Noroyan R iver and i t s  t r i b u t a r i e s ,  whence th e  

name i s  d e r iv e d . In  t h i s  a re a  i t  i s  350 f e e t  th ic k  and may be sub

d iv id e d  in to  fo u r u n i t s :

( i )  The most conspicuous p e tro lo g y  i s  a p o rp h y r i t ic  a n a lc i t e -  

h a w a iite  o c cu rrin g  a t  th e  b a se . P henocrysts a re  c h ie f ly  o f a u g ite  (b lack  

in  hand—specim en) up to  7 mm. a c ro s s , and l e s s  abundant o l iv in e .  Pheno— 

c r y s t s  a re  most abundant in  th e  low er p a r t  o f th e  u n it  and o l iv in e ,  in  

p a r t i c u l a r ,  i s  d i f f i c u l t  to  f in d  except in  th e  most p o rp h y r it ic  

p e t r o lo g ie s .

( i i )  A b lack  s p a rse ly  p o rp h y r it ic  rock o f re s in o u s  appearance
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o ccu rs  above th e  pyroxene-phyric  b a sa l type  in  th e  Noroyan a re a  (2 /2 8 2 ) .

( i i i )  A m iddle u n i t  o f feldspath ic p e tro lo g y  i s  c h a ra c te r is e d  by 

s u b - tra c h y t ic  t e x tu r e .  Pyroxene phen o cry sts  a re  r a r e .  T his d iv is io n  

p robab ly  c o n s is t s  o f a t  l e a s t  two flow s s in ce  in  th e  Chepbaiwa R iver 

so u th  o f th e  Noroyan a  ru b b ly  v e s ic u la r  h o rizo n  occurs w ith in  th e  

su cc e ss io n  o f t h i s  ty p e .

( iv )  O ccurring  in  th e  Noroyan R iver and on A tim et th e  h ig h e s t p a r t  

o f th e  fo rm atio n  in  t h i s  immediate a re a  i s  an a n a lc ite - tra c h y m u g e a r ite  

( 2/ 2 8 4 , 283) .  In  th e  f i e l d  t h i s  rock  i s  g reen ish  w ith  s u b - tra c h y tic  

t e x tu r e  and was i n i t i a l l y  id e n t i f i e d  a s  a  f a c ie s  o f th e  o v e rly in g  tra c h y -  

t o id  p h o n o lite  ( c . f .  Jo u b e rt 1966, p .3 5 ), but seen in  th in - s e c t io n  i t s  

a f f i n i t i e s  a re  w ith  th e  u n d e rly in g  a n a lc i te -h a w a i i tes and a n a lc i t e -  

m u g e a r ite s . T h is  rock  forms th e  summit im m ediately  n o rth  o f th e  Atimet 

c o l ,  which i s  th u s  th e  most n o r th e r ly  o u t l i e r  o f th e  Noroyan fo rm ation

on th e  main w atershed .

The h ig h e s t  p o in t o f th e  fo rm ation  in  th e  Chepbaiwa R iver i s  an 

a n a lc i te - h a w a i i te  resem bling  th e  rock  o f th e  Kamuiton sca rp  o u tc ro p s .

The sm all p h en o cry sts  a re  o f a u g ite  and r a r e  o l iv in e .  However, t h i s  

p e tro lo g y  i s  not seen fu r th e r  n o r th , where th e  a n a lc ite - tra c h y m u g e a r ite  

i s  o v e r la in  d i r e c t ly  by th e  /atim et T rach y p h o n o lite . Thus, i f  th e  so u th ern  

c o r r e la t io n  w ith  th e  K apkiai t e p h r i t e s  o f Martyn (se e  below) i s  c o r re c t  

i t  ap p ea rs  t h a t  th e  base o f th e  Atimet T rachyphono lite  (b a s a l  Tiim Form ation 

o f M artyn) o v e rs te p s  g ra d u a lly  on to  p ro g re s s iv e ly  o ld e r  u n i t s  a s  i t  i s  

t r a c e d  northw ards a long  th e  ran g e .

The sequence d e sc rib e d  above su g g es ts  both  an e ru p tiv e  sequence o f 

p ro g re s s iv e ly  more s a l i c  magmas and, in  th e  low est d iv is io n ,  some c r y s ta l  

s e t t l i n g  w ith in  one u n i t .  There i s  no evidence to  suggest an in t r u s iv e  

o r ig in ,  w hereas th e  c o n ta c ts  w ith  w eathered and b re c c ia te d  p h o n o lite  below 

and above r e s p e c t iv e ly ,  a s  w ell a s  th e  v e s ic u la r  h o rizon  w ith in  th e  

seq u e n c e ,a re  p o s i t iv e  in d ic a t io n s  o f an e x tru s iv e  o r ig in  fo r  th e  whole 

s e r i e s .
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From A tim et th e  main ou tcrop  co n tin u es  n o rth -ea s tw a rd s  down th e  

Cheraoigut R iv er where th e  fo rm ation  i s  th in n e r  but s t i l l  com prises a  b a sa l 

p y rox en e-p h y ric  p e tro lo g y  o v e r la in  by a  sp a rse ly  p o rp h y r i t ic  ty p e . I t  was 

n o t fo llow ed  n o r th  o f 0°5S'N , but McClenaghan (o p .c i t . )  d id  no t observe 

i t  n o r th  o f  1 °00’N,

In  th e  so u th e rn  ou tcrop  along th e  Kamuiton sca rp  a  s in g le  u n i t  130 

f e e t  th ic k  i s  p re s e n t ,  u n d e rla in  lo c a l ly  by a th in  band o f green  s h a le s .

The rock  i s  dark  when f re s h  w ith  sm all pyroxene p h en o cry sts , and o ccas io n a l 

r a r e  o l iv in e  p h en o cry sts  in  hand-specim en (2/237)» On w eathering  th e  rock  

a c q u ire s  a  p a le  b u ff  p a tin a  on which th e  dark  pyroxenes s tan d  out in  

r e l i e f .  The rock  i s  w e ll jo in te d  and b reaks in to  rough ly  rhombic b locks 

on w e a th e rin g .

Of th e  two b a s a l t i c  fo rm ations on th e  Saimo sca rp  only  th e  K apkiai 

t e p h r i t e s  re a ch e s  th e  so u th ern  b o rder o f th e  p re sen t a re a  (M artyn o p .c i t . ) .  

Martyn re c o rd s  f in e -g ra in e d  p h o n o lite s  between th e  K apkiai te p h r i t e s  

and th e  base of th e  Tiim Form ation but in  th e  p re se n t a re a  th e  Atimet 

F orm ation  r e s t s  d i r e c t ly  on th e  b a s a l t i c  rock  and no in te r c a l a t io n  o f 

o th e r  l i t h o lo g i e s  was found w ith in  a  q u a r te r  o f a  m ile o f th e  n o rth e rn  

boundary o f Martyn* s map. The base o f th e  u n i t  r e s t s  on th e  w eathered 

to p  o f th e  u n d e rly in g  p h o n o lite . In  th e  Chepkokel R iver s e c tio n  th e re  

c ro p s  out a  trach y m u g ea rite  ( 2/ 239 ) o f th e  type  which occurs e x te n s iv e ly  

in  th e  n o r th .

The Saimo B asan ite s  o f Martyn (19&9) a re  in  an e q u iv a len t s t r a t i 

g ra p h ie  p o s i t io n  to  th e  Noroyan Form ation ( f i g .  6 ) from which, however, 

a s  f a r  a s  th e  ev idence from p re sen t exposure goes, th ey  a re  a  d i s t i n c t l y  

s e p a ra te  l i th e so m e . The ro ck s  in  th e  Saimo B asan ite s  have a much h ig h e r 

c o lo u r in d ex  th a n  th e  average Noroyan la v a , and even in c lu d e  ty p es  w ith  

no feldspar (M artyn o p .c i t . ,  p p .203-207).

The Mlgeyo B a s a lts  o f Walsh ( I 969 ) a re  a ls o  in  a  s im ila r  s t r a t ig r a p h ie  

p o s i t io n  to  th e  Noroyan, ly in g  between th e  p h o n o lite s  o f th e  Elgeyo
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Escarpm ent ( l a r g e ly  c o r r e la te d  w ith  th e  Tiim P h o n o lite s  o f th e  Kamasia) 

and th e  metamorphic basem ent. The Elgeyo B a sa lts  a re  la rg e ly  ag g lom eratic  

bu t a re  p e tro g ra p h ic a l ly  s im ila r  to  th e  Noroyan la v a s  (L ippard  o p . c l t . ) .

3- Tiim P h o n o li te s  Form ation

In  th e  p re s e n t a re a  t h i s  fo rm ation  i s  subd iv ided  in to  th e  A tim et and 

Kamuiton members, th e  l a t t e r  co n ta in in g  a  lo c a l ly  th ic k  sed im entary  u n i t ,  

th e  Muruywr B eds, The c h ie f  i n t e r e s t  o f th e  fo rm ation  l i e s  in  th e  f a c t  

t h a t  bo th  p e tro g rap h y  and is o to p ic  d a te s  in d ic a te  i t s  approxim ate 

eq u iv a len ce  to  th e  p h o n o lite s  o f th e  Elgeyo Escarpment and U asin Gishu 

p la te a u  ( f i g ,  8 ) ,

The S idekh and Tiim  fo rm ations to g e th e r  make up a c o n sta n t th ic k n e ss  

(4000 to  3000  f e e t )  from th e  n o rth e rn  to  th e  so u th ern  edges o f th e  map. 

However, w hereas i n  th e  sou th  t h i s  th ic k n e ss  i s  composed o f bo th  fo rm ations 

in  equal am ounts, i n  th e  n o rth  th e  Sidekh accoun ts  fo r  over 8C^ o f th e  s e c tio n  

and th e  Tiim  i s  reduced  to  about 8OO fe e t  ( f i g .  ? ) ,

The southw ard in c re a s e  in  th ic k n e ss  o f th e  Tiim i s  con tinued  beyond 

th e  so u th e rn  b o rd e r o f th e  map and on Tiim m ountain i t s e l f  th e  fo rm ation  

may be 3 OOO f e e t  th ic k  (M artyn o p . c i t , ,  p .3 4 ) . Northwards from th e  

n o r th e rn  boundary th e  Sidekh P h o n o lite s  have been eroded from th e  K ito  

P ass a r e a ,  b u t f u r th e r  n o r th  s t i l l  t h e i r  s t r a t ig r a p h ie  p o s i t io n  i s  occupied 

by th e  S ig a tg a t  complex whence McClenaghan ( o p . c i t . )  su g g es ts  some o f 

them may have o r ig in a te d .

( i )  A tim et T rach y p h o n o lite  Member

In  hand-specim en t h i s  rock  i s  a  v e ry  d i s t in c t iv e  green  ty p e , o f te n  

w ith  a  s tro n g  f i s s i l i t y  due to  ' t r a c h y t i c '  te x tu r e ,  and i s  d i s t i n c t l y  

c o a r s e r -g ra in e d  th a n  th e  u su a l p h o n o lite s  o f th e  Tugen H i l l s  Group. The 

C o lo ra tio n  i s  v e ry  s tro n g  and may even be a  b r ig h t  p is ta c h io —g re e n , 

o f te n  w ith  a  v a r i o l i t i c  te x tu re  — t h i s  type i s  w e ll exposed in  th e  

Chepkokel R iv e r s e c t io n .  Near th e  base and th e  to p  la rg e  c a l c i t e  amygdales
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a re  p re s e n t and th e  ro ck  i s  o f te n  b re c c ia te d  and w eathered w h it is h . A 

b la ck  f in e -g ra in e d  f a c ie s  a lso  occurs n ea r th e  base and th e  to p  and 

sometimes ap p ea rs  to  occur a s  broad v e in s  in  th e  c o a rse r-g ra in e d  ro c k .

The A tim et T rach y p h o n o lite  u su a lly  averages 400 f e e t  i n  th ic k n e ss  

end forms th e  more rugged p a r t s  o f th e  main escarpm ents and some im p ressive  

w a te r f a l l s .  In  th e  Chepkokel R iver s e c tio n  th e  f i s s i l i t y  i s  pronounced 

to  a degree where i t  resem bles h o r iz o n ta l  bedding, but i t  i s  f re q u e n tly  no t 

a t  a l l  obvious i n  th e  f i e l d .  Northwards a long  th e  Charkum range th e  Atimet 

Member c ro p s  out p ro g re s s iv e ly  h ig h e r up th e  escarpm ent, f i n a l l y  form ing 

th e  summit o f «.tim et h i l l .  I t  can be tr a c e d  most o f th e  way down th e  d ip -  

r lo p e  o f A tim et bu t i t  i s  not seen a t  th e  head o f th e  Cheraoigut R iv e r .

T ills te rm in a tio n  i s  obvious both  in  th e  f i e l d  and on a e r ia il photographs 

and i s  ex p ressed  a s  a  d i s t i n c t  s te p  on th e  d ip -s lo p e . Along th e  Cheraoigut 

R iv e r i t s  p la ce  in  th e  su ccess io n  appears to  be tak en  by th e  Cheraoigut 

T rach y p h o n o lite  (s e e  below ).

The c h ie f  i n t e r e s t  o f th e  « tim e t la v a  l i e s  in  i t s  c o r r e la t io n  w ith  

th e  flow  above th e  b a sa l p h o n o lite  flow  on th e  Elgeyo Escarpment a t  Tambach, 

aD.so an ap liy ric  * tra c h y to id  p h o n o lite ’ , o r p h o n o litic  t ra c h y te  ( f i g .  8 ) .

Tiie w r i te r  h a s  compared specim ens and s e c tio n s  c o lle c te d  by S .J .  L ippard  

(Pli.D . t h e s i s  in  p re p a ra t io n )  from th e  Elgeyo w ith  th e  Atimet rock  and th e  

resem blance i s  s t r i k in g  (see  a lso  P a rt I f ) .  Furtherm ore, th e  n o rth  and 

so u th  l i m i t s  o f th e  t r a c h y to id  la v a  in  th e  two a re a s  match v ery  c lo s e ly .

(The A tim et c o n tin u e s  a s  b a sa l Tiim P h o n o lite s  Form ation w ell in to  th e  

Saimo a re a ,  M artyn pers.com m .). S ince t h i s  c o r r e la t io n  was f i r s t  suggested  

an is o to p ic  (K/Ar) age d e te rm in a tio n  o f l4 .3  1 0 .5  m .y. h as been o b ta in ed  

f o r  th e  Cheraoigut la v a  (b e lo w ). The flow above th e  b a sa l flow  a t  Tambach 

had been p re v io u s ly  d a ted  a t  13*6 2 0 .6  and 13*5 1 0 .3  m .y. (B ishop e t  a l .  

19&9, p .6 8 3 ) .

ChemoiKut T rachyphonoli t e

As m entioned above, in  th e  Cheraoigut R iver a re a  th e  ty p ic a l  a tim e t
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ro ck  i s  a b se n t, b u t th e  h o rizo n  between Noroyan Form ation and ap h y ric  

p h o n o lite  o f th e  Kamuiton Member i s  occupied by an o th er d i s t in c t iv e  

p e tro lo g y , hav ing  more in  common \d .th  th e  Atimet than  w ith  th e  t r u e  

p h o n o li te s .  T h is  la v a  i s  dark  grey  in  c o lo u r, c o a rse r  in  g ra in  th a n  th e  

i lx n ty  t r u e  p h o n o li te s ,  w ith  w e l l - s c a t te re d  la rg e  fe ld s p a r  p h en o c ry sts .

I t  i s  ex trem ely  h a rd . T his u n it  forms th e  low er (300-4-50 f e e t )  ve ry  

cbcep p a r t  c f  th e  h i l l s i d e  above th e  r iv e r ;  fe a tu re s  su g g es tin g  th in  

la y e r in g  o f th e  u n i t  can be seen on th e  a e r i a l  photographs but no topo

g rap h ic  o r l i t h o l o g i c a l  evidence o f t h i s  cou ld  be seen in  th e  f i e l d .

( i i )  Ka!u i to n  P h o n o lite s  Member

The member com prises up to  f iv e  p o rp h y r it ic  and aphyric  p h o n o lite  

flow s and a  lo c a l ly  th i.ck  sedim entary  u n i t ,  th e  Muruywr Beds. I t  i s  

e q u iv a le n t to  most o f th e  Tiim P h o n o lite  Form ation o f Martyn ( o p . c i t . ,  

PP»34-4l) and p robab ly  a lso  to  th e  upper p h o n o lite s  o f th e  U asin Gishu 

p la te a u  (se e  P a r t  I f ) ,

The member i s  b e s t  exposed below Kamuiton peak where i t  t o t a l s  2000 

f a c t  o f which 75*  ̂ f e e t  i s  re p re se n te d  by th e  Muruywr Beds. Southwards 

th e  p h o n o lite s  m ai.ntain t h i s  th ic k n e ss  but th e  sedim ents th in  to  a  few 

f e e t .  In  th e  n o rth -w es t th e  sedim ents a re  ab sen t and th e  member i s  

re u rc re n te d  by 500 f e e t  or l e s s  o f aphyric  p h o n o lite  in  th e  Cheraoigut 

F iv e r  ex p o su res .

The p o rp h ^sritic  p h o n o lite s  a re  dark green  or b lu e -g re y  f in e -g ra in e d  

o r a p h a n it ic  ro c k s  c h a ra c te r is e d  by sm all san id in e  nep h elin e  and b i o t i t e  

p h e n o c ry s ts , th e  n ep h e lin e  being  u s u a lly  u n a lte re d  and w a te r -c le a r ,  e .g .  

2 /2 6 4 . P a le  g reen  ' d io p s id ic  a u g i te ’ phenocrysts  a re  seen in  th in — 

s e c t io n s  ( 2/ 3 3 1 , 2/ 26? ) .

C a lc i te  o ccu rs  th roughout and th e  low est flow h as e longated  amygdales 

o f c a l c i t e  and a n a l c i t e .

The h ig h e s t  flow , which forms th e  summit o f Kamuiton where i t  i s
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300-350  f e e t  th ic k  and p e r s i s t s  over th e  e x ten t o f th e  ou tcrop  i s  a  v e ry  

f in e -g r a in e d  a p h y ric  p h o n o lite  u s u a lly  showing convolu ted  ( ’rh y o l i to id » ) 

banding ( p i .  6 ) .

Lower p h o n o lite  flow s

S e c tio n s  in  th e  member a re  w e ll exposed in  th e  s te e p  stream  v a lle y s  

below Kamuiton. No g ro ss  l i th o lo g ic a l  fe a tu re s  could  be used to  subd iv ide  

th e  la v a  between th e  A tim et T rachyphonolite  and Muruywr Beds. There i s  no

tr a c e  o f w ea th e rin g , b re c c ia t io n ,  v e s ic u la r i ty  e tc .  w ith in  th e  u n i t ;

however, th e  d i s t i n c t io n  between th e  low est exposures, showing only

fe ld s p a r  p h en o cry sts  and la rg e  amygdales and c a l c i t i c  v e in s , and th e  upper

h o riz o n s  w ith  abundant f e ld s p a r ,  nepheline  and b i o t i t e  phen o cry sts , 

i n d ic a te s  t h a t  more th a n  one flow i s  p robably  p re sen t in  t h i s  p a r t  o f th e  

su c c e ss io n .

Between Kamuiton sca rp  and Terenin  a  30 fo o t th ic k  p h o n o lite  flow  

vrith s a n id in e , n ep h e lin e  and b i o t i t e  phenocrysts  occurs w ith in  th e  upper 

p a r t  o f th e  Muruywr Member. I t  i s  no t seen n o rth  of Kamuiton bu t sou th

wards i t  c o n tin u e s  in to  th e  middle of th e  th in  s e c tio n  o f Muruywr Beds 

below T e re n in . I t  i s  no t d is t in g u is h a b le  around Chappen where th e  Muruywr 

Beds a re  v e ry  t h in  -  i t  e i th e r  clies out or p asses  in to  th e  main p h o n o lite  

sequence in  th a t  a r e a .

Muruywr Beds

These sed im en ts  crop  out only  in  th e  main escarpm ent between th e  

so u th e rn  boundary o f  th e  a re a  and Sumet where exposure i s  tru n c a te d  by 

th e  main s c a rp  f a u l t s .  A sm all le n s  o f sedim ents on th e  Charkum range i s  

t e n t a t i v e l y  a s c r ib e d  to  t h i s  u n i t .  The Muruywr Beds th ic k e n  from l e s s  th an  

10 f e e t  n e a r Kamelon to  900 fe e t  in  the  Muruywr s e c tio n  i t s e l f ,  500 to  

600  f e e t  o f t h i s  th ic k e n in g  being  due to  movement on a  s in g le  f a u l t  during  

d e p o s it io n  o f  th e  sed im en ts ( f i g .  10 ) .

The th ic k e s t  and b e s t  exposed s e c tio n  occurs below Muruywr peak on
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tliG lo n g  I n te r f lu v e  between tb e  Porgopol (Panwa) and Chepkokel R iv e rs  where 

th e  su cc e ss io n  i s  re p e a te d  by a la rg e  SW-NE f a u l t  (Sumet F a u l t ) ,  The 

most ty p ic a l  f a c ie s  a re  w e ll—bedded tu f f s  and tu ffa c e o u s  sandstones and 

r h a lc s  bu t c o n s id e ra b le  v a r ia t io n  o ccu rs . Near th e  base a m assive red  t u f f  

w ith  b lo ck s  o f  p h o n o lite  crops out on th e  in te r f lu v e  and i s  a ls o  exposed 

in  th e  Porgopol R iver where, however, i t  la c k s  th e  re d  c o lo ra t io n , being  

a  norm al b u ff-y e llo w  c o lo u r . The b a sa l beds here  a re  a ls o  c h a ra c te r is e d  by 

more e p i c l a s t i c  sed im ents such a s  fe ld jpath ic  san d s to n es . Also w e ll seen i n  

th e  Porgopol R iver s e c t io n ,  but l e s s  w e ll exposed on th e  r id g e ,  a re  s e v e ra l  

th ic k  ( lO ’ - l l ' )  beds o f m assive p a r t - s i l i c i f i e d  c a l c i t i c  y e llo w ish  t u f f .

In  th e  Chepkokel s e c tio n  th e  low est Muruywr f a c ie s  seen  i s  a  m assive 10 

fo o t g reen  l a p i l l i - t u f f  in  a more o r le s s  welded c o n d itio n . In  th e  s e c t io n  

to  th e  e a s t  o f th e  Kamuetyo F a u lt th re e  h o rizo n s  of conglom erates and c ro s s 

bedded g r i t s ,  i n  u n i t s  between 2 and 6 f e e t  th ic k ,  occur in  th e  m iddle of 

th e  su c c e ss io n  in  a  g e n e ra l sequence o f re d  o r cream tu ffa c e o u s  s h a le s .

The upper p a r t  o f th e  u n it  i s  g e n e ra lly  l e s s  v a r ia b le  w ith  lam ina ted  

to  th in -b ed d e d  tu ffa c e o u s  sh a le s  and san d sto n es. When exposed in  f r e s h ly  

eroded s tream  s e c t io n s  th e  sh a le s  a re  u su a lly  green  o r p u rp le  in  co lo u r 

b u t o u tc ro p s  on r id g e s  and bare s lo p es  a re  commonly a b u ff-y e llo w  c o lo u r , 

p ro b ab ly  due to  a l t e r a t i o n  o f t h e i r  p y ro c la s tic  component to  c la y  m in era ls  

on exposure to  pro longed  w eathering . The phenomenon was a ls o  no ted  by 

M artyn (pers.com m .) in  th e  tu ffac e o u s  sh a le  h o rizo n s w ith in  th e  Saimo 

P h o n o li te s .  The s h a le s  o f te n  have d e p o s it io n a l s t r u c tu r e s  such a s  r ip p le  

c ro s s - la m in a tio n , and ripp le-m arked  bedding-p lanes occur below Kamuiton. 

W orm-casts were a ls o  found ( 2/ 28l ) .  The arenaceous u n i t s  a re  lo c a l ly  very  

r i c h  in  f i s h  rem ains in  th e  form of d is a r t ic u la te d  and fragm en ta l bones; 

one s i l i c e o u s  nodule  was found en clo sin g  b e tte r -p re s e rv e d  rem ains o f th e  

head re g io n  o f  a  f i s h  (2 /2 6 6 ) . The only la r g e r  f o s s i l  found was a  in g le  

c ro c o d il ia n  v e r te b ra  (2 /^ 0 ^ ) from th e  th in  tu f f -b e d  in  th e  T eren in  s e c t io n .

The Muruywr Beds a re  no t w e ll exposed on th e  Kamuiton sca rp  i t s e l f ,
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cropp ing  out a s  s h o r t  i s o la te d  stream  s e c tio n s , bu t a  con tinuous s e c tio n  

o f 750  f e e t  i s  seen  in  th e  most n o r th e r ly  t r i b u ta r y  o f th e  T eren in  R iver 

( 130890) .  The b a s a l  beds h e re  a re  th e  th ic k  m assive f l i n t y  t u f f  u n i t s  

d e sc r ib e d  above, ly in g  d i r e c t ly  on grey  s p a rse ly  p o rp h y r it ic  p h o n o lite .

These a re  o \ e r l a in  by © Ite rn a tin g  massive t u f f  u n i t s  up to  2 f e e t  th ic k  and 

tu ffa c e o u s  s h a le s ,  bu t th e  bu lk  o f th e  su ccess io n  i s  composed o f mono

tonous p u rp le  and g reen  s h a le s .  About 100 fe e t  below th e  to p  o f th e  s e c tio n  

th e  coquence in c lu d e s  a  th in  ( 2 5 ’ ) p o rp h y r it ic  p h o n o lite  flow  o v e r la in  by 

a  g reen  l a p i l l i - t u f f ,

Pelow T eren in  k n o l l ,  th r e e -q u a r te r s  o f a  m ile  to  th e  SSW o f th e  th ic k  

su cc e ss io n  d e sc r ib e d  above, th e  Muruywr i s  re p re se n te d  by a  maximum o f 

150 f e e t  o f s h a le s  and t u f f s  which in c lu d e s  th e  th in  p o rp h y r it ic  p h o n o lite  

flow  o f th e  th ic k  s e c t io n .  The unm istakeable b a sa l m assive t u f f s  o f th e  

n o r th e rn  s e c t io n s  a re  com pletely  a b sen t; tu ffa c e o u s  s h a le s ,  and t u f f  beds 

up to  2 f e e t  th ic k  com prise th e  dominant f a c ie s ,  but in  one stream  exposure 

(IA3887 ) a  m assive p u rp le  blocky t u f f  co n ta in in g  b locks o f green  l a p i l l i -  

t u f f  up to  2 f e e t  by 1 fo o t ,  c rops out sep a ra te d  by a  v e r t i c a l  f a u l t  from 

p o rp h ^ u 'itic  p h o n o li te .  I t  i s  obvious th a t  th e  th in  T eren in  su ccess io n  

re p re s e n ts  on ly  th e  to p  p a r t  o f th e  th ic k  n o rth e rn  su ccess io n , a s  shown 

c h ie f ly  by th e  absence o f th e  th ic k  b a sa l t u f f s  and c o n tin u ity  o f th e  

in c lu d e d  th in  p h o n o lite  flow  in  bo th  su c c e ss io n s . The NW-SE f a u l t  runn ing  

p a r a l l e l  t o ,  and about 1CX)0 f e e t  sou th  o f , th e  long  stream  exposures o f th e  

T e ren in  t r i b u t a r y  i s  th e  only  agency a v a ila b le  to  account fo r  t h i s  

s p e c ta c u la r  d ec rea se  i n  th ic k n e ss  o f th e  sedim ents and th e  w r i te r  concludes 

th a t  i t  was a c t iv e  b e fo re  and during  d e p o s itio n  of th e  Muruywr Beds, r e s 

t r i c t i n g  th e  bu lk  o f d e p o s it io n  to  i t s  NE (downthrown) s id e  (see  f i g ,  1 0 ) .

P o s t-d e p o s i t io n a l  s t r u c tu r e s  prov ide su p p o rtin g  evidence fo r  tec to n ism  

co ev a l w ith  d e p o s it io n :  in  th e  Porgopol s e c tio n  th e  th ick -b ed d ed  t u f f s  show 

la rg e  slump s t r u c tu r e s  in c lu d in g  z ig -zag  fo ld s  w ith  am plitudes o f s e v e ra l  

f e e t -  In  th e  T eren in  a re a  m assive t u f f  u n i t s  among tu ffa c e o u s  s h a le s  a re
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commonly ex trem ely  boudinaged, in d iv id u a l  boudins o f te n  being  w e ll sepa

r a te d  from each o th e r  ( f i g s .  1 1 , 12 ) .  In  th e  th in  T eren in  s e c tio n  in  

p a r t i c u l a r  th e  sed im en ts  a re  ex trem ely  deformed and d is tu rb e d .

I s o la te d  v e ry  sm all exposures o f s i l i c i f i e d  tu ffa c e o u s  sh a le s  a re  

seen  around th e  fo o t o f Chappen and Kamelon in d ic a t in g  th e  c o n tin u ity  o f 

th e  n o r th e rn  sed im en ts  w ith  th e  more ex ten s iv e  exposures mapped by M artyn, 

seen  in  th e  ro ad  between Kipsoramon and P o i.

In  term s o f t h e i r  o v e ra l l  a sp e c t, th e  mixed f a c ie s  o f th e  Muruywr Beds 

show on in t e r e s t i n g  t r a n s i t i o n  between th e  low -energy environm ent sh a le s  

o f  th e  S idekh P h o n o lite  Form ation and th e  h igh -energy  f l u v i a t i l e  f a c ie s  o f 

th e  Ngorora F o rm atio n . In  a d d it io n  th e  th ic k n e ss  v a r ia t io n s  p rov ide  a  

c lo se  p a r a l l e l  to  th e  b e t t e r  exposed su ccess io n  o f th e  Ngorora ( f i g .  1 ? ) .

Upper p h o n o lite  flow s

A f u r th e r  700 f e e t  o f p h o n o lite  l i e s  above th e  Muruywr Member on 

Kam uiton. T h is  th ic k n e s s  i s  d iv id ed  between two and p o ss ib ly  th re e  flow s: 

th e  low er p a r t  i s  p o rp h y r i t ic  ( f e ld s p a r ,  n ep h elin e  and b i o t i t e ) ,  and th e  

upper a  n o n -p o rp h y r it ic  flow -banded ro ck , m entioned above. A p a le -  

w ea th erin g  h o riz o n  can be d is tin g u is h e d  about ha lf-w ay  up th e  s te e p  sc a rp , 

and above th e  200 fo o t w a te r f a l l  where th e  Chepkokel R iver drops over th e  

upper p h o n o lite s  below Koitimim a  th in  h o rizo n  o f s i l i c i f i e d  sh a le s  crops 

ou t in  th e  s tream  bed on about th e  same h o riz o n . W ithin th e se  s h a le s  

o ccu rs  a  h o riz o n  o f d i s t in c t iv e  knobbly s i l ic e o u s  c o n c re tio n s  ( 2/ 265) .

W ithin  th e  low er p a r t  o f th e  upper flow th e  normal p o rp h y r it ic  

p e tro lo g y  i s  accom panied by a  ty p e  c o n ta in in g , in  a d d itio n  to  f e ld s p a r  and 

n e p h e lin e , p a le  g reen  eu h ed ra l pyroxene p h en o cry sts , seen  only  in  t h in  

s e c t io n s  ( 2 /3 3 l ) ;  i t  seems t h a t ,  a t  l e a s t  in  th e  Kamuiton s e c t io n , th e  

upper p o rp h y r i t ic  u n i t  com prises a t  l e a s t  two flo w s. The long  gorge below 

Koitimim exposes 400 f e e t  o f th e  ap hy ric  p h o n o lite  which i s  obv iously  an 

i n d iv i s ib l e  u n i t .

E s s e n t i a l ly  th e  same su ccess io n  o f upper p h o n o lite s , n e a r ly  1000 f e e t
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th ic k ,  form th e  peaks o f Chappen and Kanelon bu t w ith  th e  absence o f th e  

th in  s i l i c i f i e d  s h a le s , Where th e  K abarnet t r a c h y te  o v e rs tep s  Ngorora 

F orm ation  on to  th e  Kamuiton P h o n o lite s  n e a r T eren in  a  deep bu t i r r e g u la r  

w hite  w eathering  zone, v e ry  s im ila r  to  t h a t  in  th e  Sumet P h o n o lite  (p . 33 ) ,  

occurs  in  th e  p h o n o li te s .

The upper Kamuiton p h o n o lite s  a re  th e  lo w est ro ck s  exposed a t  th e  

fo o t of th e  sca rp  below C hepkesin . Here ag a in  th e  low er s e c t io n s  a re  in  

p o rp h y r i t ic  p h o n o lite  bu t th e  bu lk  o f th e  s e c tio n  exposed i s  in  ap h y ric  

p h o n o lite ; in  f a c t  th e  to r tu o u s  gorge o f th e  K ip to is a ro r r  R iver below 

K abarsero exposes th e  b e s t  s e c t io n  in  t h i s  to p  p h o n o lite , and th e  convolu ted  

r h y o l i to id  banding i s  v e ry  w e ll developed h e re  ( p i .  6 ) •  Thin s e c tio n s  o f

t h i s  and e th e r  banded p h o n o lite s  ( 2/ 2^6 ) show th e  banding to  be formed by 

a l t e r n a t in g  ic ld sp ath ic  and m afic fe .eg irin^  la y e r s  1 mm. to  2 mm. th ic k ;  i t  

i s  presum ably a  flow  phenomenon. A very  s im ila r  te x tu re  i s  i l l u s t r a t e d  by 

McCai.l (1964, p l .2 4 ,  f i g . 5 ) .

On th e  Charkum range  th e  Kamuiton Member t o t a l s  on ly  800 f e e t ,  com

p r is in g  a low er p o rp h y r i t ic  p h o n o lite  o v e r la in  by th e  ap h y ric  p h o n o lite .

I f  th e  th in  le n s  o f tu ffa c e o u s  sed im ents exposed lo c a l ly  in  th e  sca rp  

above th e  headstream s o f th e  Noroyan R iver re p re s e n ts  th e  Muruywr Beds, 

the  p h o n o lite s  o f th e  a re a  can be a t t r i b u t e d  to  both  th e  low er and th e  

r.pp^r g roup , bidding s t r e n g th  to  t h i s  c o n c lu s io n , th e  low er (p o rp h y r i t ic )  

p h o n o lite  o f Charkum resem b les  th e  low er flow  o f th e  Kamuiton s e c t io n  in  

the  abrndance o f p h y ric  b i o t i t e  and th e  p resence  o f amygdales w ith  eu h ed ra l 

a n a lc i te  and c a l c i t e  ( 2/ 309 ) .

800 f e e t  o f s te e p ly  d ipp ing  Kamuiton p h o n o lite s  crop  out a s  a  t r i a n 

g u la r i n l i e r  a t  th e  ju n c tio n  o f th e  Chemnakoi and Simniyon f a u l t s .  Both 

th ick n ess  and p e tro lo g ie s  resem ble  th o se  o f Charkum, a  low er p o rp h y r it ic  

phono lite  being  succeeded by an ap h y ric  banded p h o n o lite , th e  two form ing 

a d i s t in c t  double to p o g rap h ic  f e a tu r e .  In  th e  f i e l d  th e  an g u la r d is c o r

dance between th e  Tugen H i l l s  Group and th e  Kabarnet t r a c h y te s  i s  perhaps
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seen most c le a r ly  i n  t h i s  a re a ,  th e  s te e p ly -d ip p in g  p h o n o lite  o f th e  i n l i e r  

c o n tra s t in g  w ith  th e  n e a r -h o r iz o n ta l  K abarnet t r a c h y te s  to  th e  sou th  and 

w est.

In  th e  most n o r th e r ly  o u tc ro p s , a long  th e  Cheraoigut R iv e r, th e  member 

c o n s is ts  o f l e s s  th a n  400 f e e t  o f ap h y ric  p h o n o lite , between th e  Cheraoigut 

rach y p h o n o lite  below and th e  sed im ents o f th e  Ngorora Form ation above.

The member h as n o t been reco g n ised  in  th e  f i e l d  a s  a  s e p a ra te  e n t i t y  n o r th  

of th e  a r e a .

In  th e  so u th  o f th e  a re a  M artyn ( o p . c i t . )  h as  reco rd ed  a t o t a l  th ic k 

n ess fo r  th e  Tiim P h o n o lite s  exceeding Kamuiton and n tim e t members to g e th e r ,  

and i t  seems th a t  in  th e  Saimo-Tiim a re a  a d d i t io n a l  la v a s  occur bo th  above 

and below th e  l a t e r a l  e q u iv a le n ts  o f th o se  o f th e  p re se n t a r e a .

4 . Ngorora Form ation

T his  fo rm ation  c o n s is ts  o f w a te r la id  sed im en ts o f  mixed p y ro c la s t ic  

and e p ic l a s t i c  o r ig in ,  up to  1200 f e e t  th ic k ,  w ith  an i n t e r e s t i n g  assem blage 

of f o s s i l  v e r te b r a te s  ( f a u n a l l i s t  in  P a r t I g ) . The fo llo w in g  account i s  

the  jo in t  work o f th e  w r i te r  and W.W, B ishop, and fo llo w s th e  account 

a lread y  p u b lish ed  (B ishop and Chapman I 969 ) ,  bu t w ith  expanded s e c t io n s  

cn th e  Poi and Kapkiamu u n i t s ,  and on th e  env ironm enta l i n t e r p r e t a t i o n .

The fo rm ation  a s  o r ig in a l ly  mapped was v i r t u a l l y  co n fin ed  to  th e  p re se n t 

map a re a .  However, i t  i s  ap p aren t th a t  a  s in g le  sed im en tary  lith eso m e  writh 

complex f a c ie s  v a r ia t io n s  occu p ies  th e  h o riz o n  between th e  Tiim  and E w alel 

form ations th ro ughou t th e  le n g th  o f  th e  Kamasia Range, and th e  'Kapkiamu 

sh a le s ' and 'P o i  tu f fa c e o u s  sa n d s to n e s ' o f Martyn ( 1969 , p p .42-48) a re  now 

included in  th e  N gorora F o rm ation .

(_i) Type a re a  f a c ie s

The type  s e c t io n  ( f i g .  13) i s  a t  K abarsero  ( I 699 ) n o r th  o f Chepkesin 

t i l l a g e .  H ere, th e  sequence t o t a l s  over 1200  f e e t  in  th ic k n e s s ;  i t  r e s t s  

on the  flow -banded a p h y ric  p h o n o lite  which i s  th e  to p  flow  o f th e  Kamuiton
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P h o n o lite s  Member o f th e  Tiim  Form ation th roughout th e  a re a  and i s  o v e r la in  

by th e  Sumet P h o n o li te s  (E w alel Form ation) • Is o to p ic  ages from th e se  

p h o n o lite s  su g g est an age o f between 9 &nd 11 m illio n  y e a rs  fo r  th e  Ngorora 

(see  P a r t  I f ) *

F iv e  main l i t h o l o g i c a l  d iv is io n s  a re  recogn ized  in  th e  ty p e -s e c t io n  

( f i g .  1 3 ):

A -  v a r ia b le  bedded t u f f s ,  tu ffa c e o u s  c lay s  and g r i t*  le n s e s .  The o u t

s tan d in g  beds a re  m assive t u f f s  w ith  la v a  b locks which occur n ear th e  to p  

and th e  base o f th e  s u b d iv is io n . These a re  s ta in e d  re d  in  p a tch es  bu t th e  

re d  c o lo ra t io n  i s  no t a s  p e r s i s te n t  in  th e  type  a re a  a s  a t  o th e r  l o c a l i t i e s ,

B -  fe rru g in o u s  pebbly  g r i t  and a prom inent bed w ith  tu f f -b o u ld e r s  mark 

th e  base  o f t h i s  d iv is io n .  Above th e se  beds sed im en ta tio n  i s  in  th e  form 

o f a l t e r n a t io n s  o f cu rren t-b ed d ed  g r i t s ,  sands and c la y s  w ith  bedded pumice 

t u f f s  and tu f fa c e o u s  s i l t s .  As rhythm ic sed im en ta tio n  i s  ty p ic a l  o f 

d iv is io n  D a l s o ,  a  s tan d a rd  b i p a r t i t e  u n it  i s  i l l u s t r a t e d  ( f i g .  l4 )  and 

d e sc rib e d  in  more d e t a i l :

The low er p a r t  o f t h i s  g e n e ra liz e d  u n it  shows a decrease  upwards 

i n  th e  number o f g r i t  bands and in  o v e ra l l  g ra in  s iz e .  V erte

b ra te  f o s s i l s  a re  co n ce n tra te d  in  th e  conglom erate and g r i t  

le n s e s  and a re  o f te n  v e ry  abundant. Bones and te e th  show a 

v a r ia b le  degree o f  r o l l in g  but norm ally  a re  w e ll p re se rv ed .

(The p r in c ip a l  f o s s i l  mammal h o rizo n s  a re  in d ic a te d  in  F ig u re  13 

bu t fragm en ts o f f i s h  occur in  sandy beds th roughout th e  

sequence®) W ell p re se rv ed  ch e lo n ian  rem ains occur more g e n e ra lly  

in  th e  s i l t s  and c la y s  o f th e  middle o f th e  u n i t .  These a re  

succeeded by g lu tin o u s  c la y s  co n ta in in g  kunkar and o c ca s io n a l 

r o o t l e t  c a s t s .  These c la y s  a re  c h a r a c te r i s t i c  o f p a la e o so ls  

produced by th e  w eathering  o f tu ffac e o u s  s i l t s .  Sedim entary

*Grit* i s  used  a s  a convenien t term  to  denote c h a r a c te r i s t i c  
c o a rse r  f e l d s p a t h i c / l i t h i c  san d sto n es .
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dykes of silicified angular pumice tuff also occur marking in

filling of open cracks on land surfaces. The dykes invariably 
terminate at one of the palaeosol horizons.

The upper p a r t  o f th e  u n it  i s  composed o f th in -b ed d ed  

pumice t u f f s ,  o c c a s io n a lly  showing trough  c ro ss-b ed d in g  but 

t y p ic a l ly  v e ry  even ly  bedded and f in e -g ra in e d  w ith  a sh a rp ly  

d e fin e d  base (s e e  f i g .  l 4 ) .  These s t r a t a  u s u a lly  form c l i f f s .

The fine-grained sediments are frequently silicified to a brittle 

porcellanous rock with chert bands. Fragments of wood and 

fruits occur in the tuff above Loc, 2V/11. The top of the 

bedded tuffs is often cut by channels containing the basal 

grit and conglomerate of the succeeding unit. This feature 

is well shown below Loc. 2V/l where the fossil bearing deposits 

lie in channels which have cut through a massive accretionary 

lapilli-tuff producing pot-holes and water-worn blocks,

C - this is essentially the upper part of the rhythmic unit of Loc, 2V/1.

It has been mapped separately to facilitate the study of thickness vari

ations, It consists of cream and green well-bedded tuffaceous silts ex

hibiting variable silicification and containing five coarser pumiceous 

horizons,

D - comprises three rhythmic units of which the lower two contain the fossil 

localities 2V/10 (named the * Charnel House Grit*), 2V/11 and 2V/13* The 

top of the sands and clays of Loc, 2V/11 is marked by a thin, 1^ inch 

(40 mm.) but laterally persistent pebble bed. This and the underlying 

sands were subjected to minor faulting cind fissuring before the deposition 

of the overlying bedded tuffs,

E — w hite d ia to m ite s  and f in e ly  lam ina ted  diatom aceous and tu ffa c e o u s  s i l t s  

occur a t  th e  to p  o f th e  sequence in  th e  C hepkesin-K abarsero a re a . Above 

th i s  sequence i s  a  prom inent m assive c ro s s—bedded g r i t  and conglom erate 

o v e rla in  by a  th ic k  tu ffa c e o u s  s i l t ;  th e  g r i t  and conglom erate make a
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prom inent c l i f f  above th e  road  south  o f th e  o ld  Chepkesin v i l l a g e .

S e c tio n s  o f th e  fo rm atio n  exposed on th e  c r e s t  and d ip -s lo p e  o f  th e  

Sidekh ra n g e , th r e e  m ile s  to  th e  west o f  K abarsero on th e  upthrown s id e  

of th e  K ito  Pass F a u lt  (2000 fo o t throw) a re  only  IOO-I5O f e e t  th ic k .

A lso , a  p ro g re s s iv e  th in n in g  i s  observed when th e  fo rm ation  i s  t ra c e d  

so iith -sou thw estw ards from K abarsero tow ards Kamuiton where th e  s e c tio n  i s  

only  245 to  250  f e e t  th i c k .  T hicker s e c tio n s  a re  ag a in  seen  as th e  o u t

crop  i s  t r a c e d  n o rth -w estw ards from Bartabwa tow ards th e  K erio . In  s h o r t ,  

th e re  i s  everywhere a  c lo se  c o r r e la t io n  between th e  th ic k n e ss  o f th e  

fo rm ation  and s t r u c t u r a l  r e l i e f  ( f i g .  1 ?)• D e ta ile d  s e c tio n s  have sub

seq u e n tly  been measured and logged by W.W. B ishop,

I t  i s  t r u e  to  say  th a t  th e  m assive red  t u f f s  everywhere c h a r a c te r is e  

th e  b a sa l h o riz o n s  and th a t  a  g e n e ra l in c re a se  o f f in e -g ra in e d  w ell-bedded  

l i t h o lo g i e s  occu rs  upw ards.

At th e  so u th e rn  end o f th e  Kamuiton o u tc ro p  th e re  occurs a  th in  bed 

of c a lc a r e n i te  which g iv e s  a s tro n g  b itum inous sm ell when broken; i t  i s  

used by th e  lo c a l  people  to  p rep are  a m edic ine. Martyn re c o rd s  a  very  

s im ila r  l i th o lo g y  from n e a r C h e r ia l .

Wherever th e  base and to p  a re  seen , th e  fo rm ation  r e s t s  conform ably on 

th e  to p  flow  o f th e  Kamuiton P h o n o lite s  Member (Tiim  Form ation) and i s  

o v e r la in  conform ably by th e  Sumet P h o n o lite  (Fw alel F o rm ation ). W ithin 

th e  l im i t s  o f th e  p re lim in a ry  o b se rv a tio n s  th e re  seems to  be no s ig n i f ic a n t  

in tr a - f o rm a t io n a l  unconform ity .

( i i )  Kapkiamu s h a le s  and Poi tu ffac e o u s  sandstones

The Kapkiamu s h a le s  (M artyn o p .c i t . ,  pp ,42-43) a re ,  in  th e  p re se n t 

a re a , co n fin ed  to  th e  la rg e  so u th ern  ou tcrop  in  th e  Poi v a l le y .  (However, 

s im ila r  s h a le s  a ls o  form a th in  h o rizo n  near th e  base of th e  Kamuiton 

o u tc ro p .)  They a re  v e ry  th in  bedded and lam ina ted  green  and cream s h a le s ,  

some h o rizo n s  w ith  abundant f i s h  rem ains. O verlying th e  s h a le s  a re  th e  Poi 

tu ffac e o u s  san d sto n es  o f Martyn (o p .c i t . ,  p p .43—4 8 ); th e se  a re  sandy t u f f s
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and tu ffa c e o u s  san d s to n e s , much more even in  g ra in  s iz e  and more evenly  

bedded th a n  th e  a r e n i te s  o f th e  Ngorora ty p e - s e c t io n  a re a .  Some v e ry  

th ic k  (6 f e e t )  and p e r s i s t e n t '  beds o ccu r.

A lthough M artyn gave bo th  th e  above two l i th o lo g i e s  fo rm ation  s t a tu s  

th e re  i s  no n a tu r a l  d iv is io n  to  be made in  th e  su c c e ss io n . T his i s  

ap p aren t bo th  in  th e  f i e l d  a; i  in  M artyn*s *Poi tu ffa c e o u s  san d sto n es  type  

sec tion*  (M artyn 1969, f i g .  15) o f which a t  l e a s t  h a l f  th e  th ic k n e s s  i s  

shown a s  be ing  composed o f tu f fa c e o u s  s h a le .

There a ls o  ap p ea rs  to  be a  l a t e r a l  t r a n s i t i o n  between th e  N gorora 

ty p e - s e c t io n  f a c ie s  and th e  Poi tu ffa c e o u s  sandstone  f a c ie s .  T h is becomes 

ap p aren t a s  th e  Ngorora o u tc ro p  i s  fo llow ed  north -w estw ards from Bartabwa 

tow ards K inyach, where th e  bu lk  o f th e  u n i t  i s  composed o f bedded t u f f s  

o f th e  * P o i-type* , a lth o u g h  co a rse  c h a n n e l-g r i ts  a re  a ls o  p re s e n t .

F in a l ly ,  th e re  i s  a  s t r i k in g  c o r r e la t io n  between th e  l i t h o lo g ie s  

shown by M artyn in  th e  N geringerowa s e c t io n  o f th e  Poi tu ffa c e o u s  sand

s to n es  (M artyn 1969, f i g .  l6 )  and th e  l i th o lo g i e s  o f th e  ty p e -s e c t io n  o f 

th e  Ngorora a t  K abarsero .

The o v e ra l l  p ic tu r e  i s  c le a r ly  th a t  th e  f a c ie s  c h a ra c te r is e d  by channel 

cong lom erates , g r i t s ,  c la y s  and p a la e o so ls  ( e .g .  K abarsero , Ngeringerowa) 

occu rs  a long  th e  c r e s t  o f ,  and to  th e  e a s t  o f ,  th e  main range and i s  re p la c e d  

w estw ards by th e  l e s s  v a r ia b le  'P o i  tu ffa c e o u s  san d s to n es ' f a c ie s  o f 

M artyn*s ty p e  s e c t io n ;  th e  Kapkiamu s h a le s  a re  o ld e r  th an  th e  o th e r  f a c ie s  

and, in  t h e i r  ty p ic a l  developm ent, r e s t r i c t e d ,  a s  Martyn say s , to  th e  

embayraent o u tc ro p s  in  th e  Poi and Kapkiamu a r e a s .

The r e s u l t  o f a l l  t h i s  i s  th a t  th e  p re se n t w r i te r  would p re fe r  to  

ex tend  th e  N gorora F orm ation  to  in c lu d e  th e  *Poi* and * Kapkiamu * u n i t s  

o f M artyn, th u s  a b o lis h in g  th e  'K aboskei sub-group* o f th e  l a t t e r  a u th o r .

( i i i )  Environment

P re lim in a ry  exam ination  o f c ro ss-b ed d ed  s t r u c tu r e s ,  im b r ic a tio n s  

and channel o r ie n ta t io n s  in  th e  ty p e - s e c t io n  (K abarsero) f a c ie s  su g g es ts
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sedim ent t r a n s p o r t  from between ; io r th  and e a s t • T h is  ap p ea rs  to  p rec lu d e  

d e r iv a t io n  from th e  Kamasia i t s e l f  bu t th ic k n e s s  v a r ia t io n s  i n  th e  s e d i

ments show th a t  th e  range was o b v iously  a p o s i t iv e  te c to n ic  elem ent w ith in  

th e  b a s in  o f  d ep o sitio n »

F ig u re  15 shows th e  o v e r a l l  s y n th e s is  fo r  a l l  f a c ie s .  The diagram s 

a re  la r g e ly  s e lf - e x p la n a to ry  bu t g e n e ra l asymmetry o f th e  r i f t  a t  t h i s  tim e 

i s  su g gested  by a  mass o f  c ir c u m s ta n t ia l  ev idence in c lu d in g  evidence o f 

th e  s iz e  and age o f th e  Kamasia and Elgeyo f a u l t s  (se e  P a r t I l f )  and th e  

abundance o f minor u n co n fo rm itie s  w ith in  th e  r e l a t i v e l y  th in  L a ik ip ia  

su cc e ss io n  (S c e a l, Ph.D . t h e s i s  in  p r e p a r a t io n ) .  The r e s u l t  o f  th e  

asymmetry was p ro b ab ly , a s  shown, to  p lace  th e  w atershed  on th e  w est a t  

th e  c r e s t  o f th e  Elgeyo and , in  th e  e a s t ,  a t  some d is ta n c e  to  th e  e a s t  o f 

th e  R i f t  m argin . T h is  i s  in  f a c t  th e  g e n e ra l p o s i t io n  to  t h i s  day, bu t 

th e re  i s  a ls o  ev id en ce , i n  th e  Amaya t r a c h y te  o u tc ro p s  (S c e a l o p .c i t . ) ,  o f 

lo n g  e ro s io n a l  v a l le y s  in  th e  L a ik ip ia  i n  th e  P lio cen e  a l s o .

The d e p o s it io n  o f  th e  Kapkiamu sh a le s  may have been lo c a l i s e d  by con- 

tem poraneous movement on th e  C h e r ia l  F a u l t ,  form ing a  s e m i-c i rc u la r  b a s in , 

bounded on th e  west by th e  w e s t- fa c in g  f a u l t  s c a rp .

A te c to n ic  e x p la n a tio n  i s  a ls o  favoured  fo r  th e  rhythm ic u n i t s  o f  

th e  ty p e - s o c t io n .  T h is i s  shown d iag ram raa tica lly  i n  f ig u r e  l 6 .  The f a u l t s  

shown do no t r e p re s e n t  a c tu a l  f a u l t s ;  th e  diagram  i s  designed  to  show, in  

a  g e n e ra l way, how sp o rad ic  f a u l t in g  (which must have occu rred  to  govern 

th e  o v e r a l l  th ic k n e s s  v a r i a b i l i t y )  m ight cause th e  observed  sequence o f 

l i t h o l o g i e s :

Given an e s ta b l is h e d  sed im en tary  lith eso m e  w ith  a  n e a r -p la n a r  su r fa c e :

(a )  Movement o ccu rs  on th e  w este rn  f a u l t ,  cau s in g  t i l t i n g  o f th e  b a s in  

f lo o r  and emergence o f  la k e  sed im ents w ith  consequent channel 

e ro s io n  and d e p o s it io n  o f co a rse  e p ic l a s t i c  sed im en ts .

(b ) S l ig h t  p e r s i s te n t  movements on th e  e a s te rn  f a u l t s ,  ten d in g  to  

n eg a te  th e  p re v io u s  t i l t i n g ,  a re  r e s u l t in g  in  th e  p ro g re s s iv e ly  

low er energy  environm ents o f swamps and a l l u v i a l  p la in s  w ith
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w emergence

(o) Ra p i d  t i l t i n g ,  e m e r g e n c e  of  l a ke  b e d ,  c h a n n e l  e r o s i o n  in t h e  e a s t

W

(b) Sl ow t i l t ing in r e v e r s e  d i r e c t i o n ,  f l u v i a l  p l e i n s  a n d  mar sh  in e a s t

W

( c )  Ti l t ing c o n t i n u e s ,  l ake  t r o n s g r e s s e s  e a s t w a r d s .  S e q u e n c e  then 

r e t u r n s  to (a).

F I G  16 T E C T O N I C  M O D E L  F O R  THE N G O R O R A

F O R M A T I O N  RHYTHMI C UNIT
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deposition : o f  s i l t s  and c la y s  and development o f p a laeo so ls*

O ccasional in c u rs io n s  o f p rim ary  t u f f s  o ccu r.

(a )  and (b ) to g e th e r  produce th e  low er ( sa n d /c la y )  p a r t  o f  th e  rhythm ic u n i t .

(c )  C ontinued f a u l t in g  on th e  e a s te rn  s id e  cau sin g  ra p id  t r a n s 

g re s s io n  o f la k e  w a te rs  a c ro ss  th e  a l l u v i a l  p la in s ;  d e p o s it io n  

o f th e  pumiceous p y r o c la s t i c s  o f th e  upper p a r t  o f th e  u n i t  i n  

s t i l l - w a t e r  c o n d it io n s . The wood and f r u i t  i n  th e se  sed im en ts , 

and a ls o  th e  pumice frag m en ts , would have been a b le  to  f l o a t  to  

some d is ta n c e  from th e  sh o re . No mammalian f o s s i l s  were found 

in  t h i s  upper p a r t  o f  th e  u n i t .

D iv is io n s  C and E o f th e  ty p e - s e c t io n  re p re s e n t  more s ta b le  p e r io d s  

o f  l a c u s t r in e  d e p o s it io n , th e  lam in a ted  diatom aceous t u f f s  o f E, in  

p a r t i c u l a r ,  in d ic a t in g  an ep isode  o f t r a n q u i l  la k e  c o n d itio n s  which was 

e v e n tu a lly  te rm in a te d  w ith  th e  d e p o s it io n  o f th e  conglom erate and g r i t  a t  

th e  to p  o f th e  sequence.

5* Ew alel P h o n o lite s  Form ation (Sumet P h o n o lite  Member)

In  th e  p re se n t a re a  th e  Sumet P h o n o lite  i s  th e  h ig h e s t  u n i t  o f  th e  

Tugen H i l l s  Group seen  and i s  th e  on ly  r e p re s e n ta t iv e  o f th e  Ew alel 

P h o n o lite s  o f  Martyn ( o p .c i t . ,  p p .52-55) which a re  much th ic k e r ,  w ith  

sed im en tary  i n t e r c a l a t i o n s ,  f u r th e r  so u th .

N o tw ith stan d in g  th e  maximum th ic k n e s s  o f  th e  Sumet P h o n o lite  o f 

800 f e e t  on Sumet m ountain, th e re  i s  no in d ic a t io n  o f any d iv is io n  in to  

s e p a ra te  f lo w -u n its ,  bu t i t  i s  p o s s ib le  th a t  th e  fo rm ation  a t  i t s  th ic k e s t  

r e p re s e n ts  s e v e ra l  p u ls e s  o f n e a r ly  contem poraneous la v a  e x tru s io n . Where 

th e  base i s  seen , i t  o v e r l ie s  th e  N gorora Form ation w ith  p e r fe c t  con fo rm ity .

There i s  v e ry  l i t t l e  p e tro lo g ic  v a r ia t io n  over th e  g re a te r  p a r t  o f 

th e  o u tc ro p ; th e  ro ck  i s  commonly dark  g reen  in  c o lo u r , w ith  sm all pheno- 

c r y s t s  o f sa n id in e  and n e p h e lin e , th e  l a t t e r  averag ing  2 mm. in  s i z e .  The 

ro ck  h as  a  v e ry  d i s t i n c t iv e  * freck led*  appearance due to  p o i k i l i t i c



33

a g g re g a tio n  o f groundmass m a fic s . T h is f e a tu re  d e f in e s  th e  rock  a s  w ith in  

th e  ' K araasia-type* p h o n o lite  o f  P r io r  ( I 905 ) .

On th e  d ip  s lo p e  o f th e  Charkura range in  th e  n o rth -w es t o f  th e  a re a , 

and in  th e  Poi embayment in  th e  so u th  (Chepware R iver exposures) a  s l i g h t l y  

d i f f e r e n t  p e tro lo g y  o c cu rs , f in e r - g ra in e d  th a n  th e  ty p e , w ith  on ly  r a r e  

m ic ro -p h en o cry s ts  o f f e ld s p a r  and n ep h e lin e  (2 /2 9 0 ) , In  th e  Chepware 

R iver th e re  a re  o u tc ro p s  o r ex trem ely  b re c c ia te d  p h o n o lite  o f t h i s  ty p e  

( 2/ 310 ) ;  to  th e  so u th  M artyn ( o p .c i t . ,  p p .51-52) h as reco rd ed  b re c c ia te d  

p h o n o lite s  a s s o c ia te d  w ith  th e  K aption in t r u s iv e  complex but no in t r u s iv e  

r e la t io n s h ip  could  be proved in  th e  p re se n t a re a ,  and th e se  p e tro lo g ie s  

a re  in c lu d e d  f o r  mapping purposes w ith  th e  Sumet P h o n o li te .

R ath er e x c e p tio n a lly  among th e  s a l i c  la v a s  o f  th e  a re a  th e  Sumet 

P h o n o lite  o f te n  shows good sp h e ro id a l w ea th e rin g . I t  a ls o  h as th e  a b i l i t y  

to  form v e r t i c a l - f a c e d  b lu f f s  ty p i f ie d  by th e  peaks above Muruywr, and to  

a much g r e a te r  e x te n t in  th e  K aption embayment so u th  o f th e  a r e a .

In  a d d i t io n  to  th e  e x te n s iv e  o u tc ro p s  on th e  main range th e  Sumet 

P h o n o lite  a ls o  occu rs  a s  an i n l i e r  a t  Y atya in  th e  a x is  o f a  f a u l t  h a l f 

dome (se e  P a r t  I l d ) ,  Here th e  p h o n o lite  i s  o f th e  ty p ic a l  f r e c k le d  v a r ie ty  

( 2/ 211 ) .  The to p  40-50 f e e t  h a s  been deep ly  w eathered  to  a  s o f t  w h itish  

ro ck  which i s  o v e rled n  by th e  sh a rp ly  d e fin e d  base o f th e  low est K abarnet 

t r a c h y te  ( p i .  11  ) .  T h is  w hite  w eathering  i s  a ls o  e x te n s iv e ly  developed on 

th e  d ip -s lo p e  o u tc ro p s  i n  th e  main ran g e , e s p e c ia l ly  on th e  sc a rp  above th e  

Chemoigut R iv er where th e  w r i te r  was s u rp r is e d  to  f in d  th a t  th e  w hite  

h o riz o n  prom inent in  a e r i a l  pho tographs was n o t a  developm ent o f  sub- 

K abarnet sed im en ts . I t  i s ,  however, ab se n t from th e  o u tc ro p s  on th e  c r e s t  

o f  th e  range  and Sumet i t s e l f ;  o th e r  ev idence (P a r t  l i d )  shows th a t  th e se  

a re a s  s to o d  up a s  h i l l s  above th e  sub-K abarnet e ro s io n  su rfa c e  and i t  i s  

l i k e l y  t h a t  h e re  th e  w eath erin g  p ro d u c ts  were removed by down s lo p e  

movement p r a c t i c a l l y  a s  soon a s  th e y  were form ed. No t r a c e  o f bedding o r 

o th e r  s t r u c tu r e  was seen  in  th e  w eathered m a te r ia l .
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On th e  d ip -s lo p e  i t  i s  common to  f in d  th e  Sumet 'fe a th e r-e d g in g *  out 

benea th  th e  K abam et t r a c h y te s ,  d e s p ite  th e  dem onstrable fe a tu re -fo rm in g  

c a p a b i l i ty  o f th e  p h o n o lite  a t  th e  p re s e n t tim e , and over la rg e  a re a s  th e  

K abarnet t r a c h y te s  l i e  d i r e c t ly  on th e  N gorora F orm ation .

In  view o f th e  w idespread  p la n a r  e ro s io n  o f  th e  h ig h e s t Tugen H i l l s  

Group fo rm atio n s  i t  i s  u n l ik e ly  t h a t  th e  com plete th ic k n e ss  o f th e  Sumet 

P h o n o lite  i s  anywhere p re se rv e d , but th e  g re a t  th ic k n e ss  in  th e  Sumet mesas 

p robab ly  approaches th e  o r ig in a l  maximum.

(b ) Source o f th e  'p la te a u *  p h o n o lite s

I t  h as lo n g  been assumed th a t  th e  'p la te a u  p h ono lites*  were e ru p ted  

from f i s s u r e s  e i t h e r  on th e  sh o u ld e rs  o f th e  develop ing  r i f t  (McCall 1967 , 

p . 9 8 ) o r on th e  c r e s t  o f th e  'Kenya dome* p r io r  to  any r i f t  f a u l t in g  (Baker 

1963 , p .2 , v /illiam s 19^9» p * 6 l) .  The rem arkable  th ic k n e ss  o f  th e se  

p h o n o lite s  exposed i n  th e  Kamasia, th e  bu lk  o f which i s  bo th  o ld e r  (S idekh 

P h o n o lite s )  and younger (upper Tiim and Ew alel P h o n o lite s )  th an  th e  com

p a r a t iv e ly  th in  su cc e ss io n  on th e  R i f t  sh o u ld e rs , shows th a t  r i f t  f a u l t in g  

p receded  th e  e a r l i e s t  p h o n o lite s  and th a t  th e  l a t t e r  must have so u rces  

w ith in  th e  R i f t .  The extrem e s c a r c i ty  o f p h o n o lite  dykes, anywhere, and 

th e  p resen ce  o f p h o n o li t ic  e x tru s iv e  c e n tr e s  such a s  S ig a tg a t (McClenaghan 

o p . c i t . ) , K aption (M artyn o p .c i t . ,  p p .48-52) and sm a lle r  c e n t r a l  so u rces  

on th e  e a s te rn  s id e  o f  th e  R i f t  (S ce a l o p . c i t . )  to g e th e r  w ith  th e  m icro- 

f o y a i te  p lu g s  o f  Turkana (Jo u b e rt 1966) appear to  th e  w r i te r  s tro n g ly  to  

in d ic a te  c e n t r a l  so u rces  fo r  some, i f  n o t m ost, o f th e  p h o n o lite s .

S u p e r f ic ia l ly ,  th e  g re a t  n o r th -so u th  e x te n t o f th e  p h o n o lite  su g g es ts  

l in e a r  so u rc e s , bu t th e  d e ta i le d  mapping in  th e  p re se n t a re a  and on th e  

Elgeyo Escarpm ent (L ip p ard  o p . c i t . )  has shown th a t  in d iv id u a l  i d e n t i f i a b le  

u n i t s  ex tend  no f u r th e r  in  a  n o r th -so u th  d i r e c t io n  th an  th ey  do e a s t-w e s t , 

and have complex i n t e r d i g i t a t i n g  r e la t io n s h ip s  w ith  o th e r  u n i t s  which 

re p la c e  them in  a su cc e ss io n  which m a in ta in s  o v e ra l l  c o n s tan t th ic k n e s s .



35

T his s i tu a t io n  i s  ex em p lified  in  th e  p re se n t a re a  by th e  r e la t io n s h ip  

between th e  Sidekh and Tiim fo rm atio n s  ( f i g .  ?)» and th e  correspondence 

between n o r th -so u th  e x te n t o f th e  «^timet T rachyphono lite  on th e  Kamasia 

and th e  e q u iv a le n t u n i t  on th e  E lgeyo. L ippard  ( o p . c i t . )  has shown th a t  

th e  p h o n o lite  capping th e  Elgeyo c o n s is ts  o f many d i f f e r e n t  u n i ts  o f te n  

w ith  d e f in i t e  n o r th -so u th  l im i t s ;  fu rtherm ore  a s  th e  su ccess io n  on th e  Elgeyo 

th ic k e n s  tow ards th e  sou th  i t  ap p ea rs  to  pass  l a t e r a l l y  in to  a  su ccess io n  

dom inated by p y r o c la s t i c s ,  j u s t  a s  th e  Sidekh P h o n o lite s  on th e  Kamasia 

th ic k e n  to  th e  n o r th  and appear to  pass  in to  th e  p y ro c la s t ic s  o f th e  

S ig a tg a t and T i a t i  a r e a s .

So, to  th e  f i s s u r e  source  h y p o th e s is  th e  w r i te r  adds th e  a l t e r n a t iv e  

model o f v e ry  la r g e ,  v e ry  low -ang le  p h o n o lite  s h ie ld  vo lcanoes o f which 

th e  r i f t  sh o u ld er flow s a re  th e  extrem e f la n k s , and whose m ajor so u rces  

l i e  w e ll w ith in  th e  p re se n t r i f t  and a re  m ostly  concealed  beneath  l a t e r  

ro c k s . F ig u re  l 8 i s  a  diagram m atic r e p re s e n ta t io n  of th e  p o s tu la te d  

s i t u a t i o n .  The ac tu a l, s lo p e  o f th e  v o lc an ic  p i l e s ,  judged from th e  va ry in g  

th ic k n e ss  o f  th e  S idekh and Tiim u n i t s ,  would be 3° o r l e s s .  T h is i s  

ex trem ely  low , i n  f a c t  a  low er an g le  th an  th e  b a s a l t i c  s h ie ld  vo lcanoes of 

H aw aii, bu t in  view o f th e  ap p a ren t extrem e f l u i d i t y  o f th e  p la te a u -  

p h o n o lite  la v a  i n  E ast A fr ic a , th e  f ig u re  i s  no t u n rea so n ab le . There i s ,  

in  any c a se , no rea so n  why th e  's h ie ld s *  should  no t have been com pletely  

f l a t ,  i f  flow s were b e in g  e ru p ted  from d i f f e r e n t  c e n tre s  s im u ltan eo u sly  to  

form a com posite "p la teau*  su c c e ss io n .

F ig u re  17 a ls o  i l l u s t r a t e s  th e  p o in t th a t  th e  w a te r - la id  sedim ents 

a s s o c ia te d  w ith  th e  two m ajor p h o n o lite  u n i t s  a re  th ic k e s t  on th e  f la n k s  

o f th e  p o s tu la te d  s h ie ld  vo lcan o es  (a lth o u g h  th e  th ic k n e ss  in  th e  Tiim 

Form ation sed im en ts i s  p a r t ly  due to  te c to n ic  c a u se s ) , and a re  e n t i r e ly  

absen t from th e  th ic k e r  p a r t  o f th e  Sidekh Form ation where, a s  d e sc rib ed , 

th e re  i s  h a rd ly  any in te r - f lo w  w eath erin g , im plying  s h o r te r  in te r v a l s  

between su c c e ss iv e  flo w s.
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(c )  V olcanic group I I I  -  P lio cen e  b a s a l t / t r a c h y te  group

1 . K abarnet T rach y tes  Form ation

The fo rm ation  i s  m ainly composed o f a  rem arkably  uniform  s e r i e s  o f 

f lo o d  t r a c h y te s  which form th e  g re a te r  p a r t  o f  th e  d ip -s lo p e  of th e  Kamasia 

Range between 0^15'N and 1°00*N, and o c cu rrin g  a ls o  a s  f a u l te d  i n l i e r s  to

th e  e a s t  o f th e  main ra n g e . T h e ir o r ig in a l  e x te n t cannot have been l e s s

th a n  700 square  m ile s .

Minor amounts o f b a s a l t  occur beneath  th e  t r a c h y te s  and sedim ents 

a re  in te r c a l a t e d  w ith in  th e  l a t t e r .

( i )  Lokwetmoi b a s a l t  and Mukur b a s a l t s

A s in g le  flow  o f b a s a l t  c rops out beneath  th e  tr a c h y te  o f th e  Mokhungo

sy n c lin e  (1 ^9 ?)• The rock  i s  m ainly f r e s h  w ith  v e ry  sp a rse  sm all fe ld s p a r  

p h e n o c ry s ts . In  th e  r i v e r  gorges on th e  w este rn  lim b o f th e  ou tc ro p  good 

columnsir jo in t in g  i s  see n . The b a s a l t  ap p ears  to  be conform able w ith  th e  

tr a c h y te  and o v e rs te p s  th e  u n d e rly in g  Sumet P h o n o lite  and Ngorora F or

m ation , but i s  v e ry  l im i te d  in  e x te n t .

To th e  e a s t  o f th e  Mukur gorge (24 lO ), n o rth  o f Ribon th e re  occur

b a s a l t s  which, from a e r i a l  photograph in t e r p r e t a t i o n ,  appear to  d ip  beneath  

th e  K abarnet t r a c h y te  o f th e  g o rg e . L i th o lo g ic a l ly  th ey  a re  v e ry  s im ila r  

to  th e  K aparaina b a s a l t s ,  w ith  both  p o rp h y r i t ic  ( p la g io c la s e /o l iv in e )  and 

ap h y ric  ty p e s . McClenaghan ( o p . c i t . )  has mapped a l l  th e  b a s a l t s  in  th e  

Cheptopokwa R iver o u tc ro p  a s  be long ing  to  a  u n i t  named *B arpelo  B a s a l ts ’ 

which u n d e r l ie s  th e  K abarnet t r a c h y te s .  However, th e  p re se n t w r i t e r ’s 

s t r u c tu r a l  in t e r p r e ta t io n  o f t h i s  a re a  co n fin e s  th e  s u b - tra c h y te  b a s a l t s  

to  a  r e l a t i v e l y  sm all o u tc ro p  a t  th e  mouth o f  th e  gorge , and a s s ig n s  th e

r e s t  to  th e  K aparaina Form ation (se e  Psirt l i d ) .
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( i l )  T rach y tes

The Kamasia d ip -s lo p e  was f i r s t  reco rd ed  by Maufe ( I 908 ) and th e  

t r a c h y te s  were f i r s t  m entioned by J .  S c o tt ( in  S hack leton  1930, p .3 7 2 ).

The fo rm ation  was named by Walsh (19&9, p .24) a f t e r  th e  sm all town o f 

K abarnet, and th e  name was f i r s t  reco rd ed  by Baker ( I 9 6 5 , p .6 ) and by 

W illiam s (19&3, P*37)« The t r a c h y te s  have s in ce  been mapped to  th e  n o rth  

o f  K abarnet by M artyn ( 1969 , pp.71-7&) who showed c o n c lu s iv e ly  th a t  Walsh 

was in c o r r e c t  both  in  p la c in g  them to o  h ig h  in  th e  su ccess io n  and in  

assum ing th a t  th ey  were e ru p ted  n e a r K abarnet and flowed down th e  d ip -  

s lo p e . In  f a c t  th e  Kamasia d ip -s lo p e  i s  o f e n t i r e ly  te c to n ic  o r ig in  and 

th e  K abarnet t r a c h y te s  l i e  below th e  K aparaina Form ation on th e  e a s t  

( down-throw) s id e  o f th e  main Kamasia f a u l t s .  In  th e  p re se n t map a re a , 

in  p a r t i c u l a r ,  a s  w e ll a s  form ing th e  d ip -s lo p e  th e  t r a c h y te s  a re  w idely  

exposed in  a  s e r i e s  o f f a u l te d  i n l i e r s  in  th e  g e n e ra l a re a  o f  o u tc ro p  o f 

th e  K aparaina F orm ation . Recent mapping by L ippard  (Ph.D . th e s i s  in  

p re p a ra t io n )  has shown th a t  th e  t r a c h y te s  a ls o  co n tin u e  f a r  to  th e  sou th  

o f t h e i r  l im i t s  a s  mapped by W alsh.

L i th o lo g ic a l ly  th e  K abarnet t r a c h y te s  show a  monotonous s im i la r i ty  

over th e  whole o f  th e  map a re a :  th e y  sire m ic ro -p o rp h y ritic  so d a - tra c h y te s , 

g re e n ish  i n  c o lo u r , w ith  a  s tro n g  f i s s i l i t y  due to  o r ie n ta t io n  o f th e  

f e ld s p a r  l a t h s .  In  hand-specim en th e y  a re  e s s e n t i a l ly  n o n -p o rp h y ritic  

bu t in  th e  n o rth -w es t o f th e  a re a  th e  p resence  o f  sp a rse  sm all p h en o cry sts  

(2 -3  mm.) o f C arlsbad -tw inned  sa n id in e  se rv e s  to  d is t in g u is h  th e se  tra c h y te ;  

from th e  v e ry  s im i la r  Ribon T rac h y te . Abundant la rg e  (IO -I3 mm.) ta b u la r  

s a n id in e  p h en o cry sts  occur e x c e p tio n a lly  in  a  th in  lo c a l  flow  n ea r Y atya.

The K abarnet T rach y tes  Form ation r e s t s  unconform ably on u n d e rly in g  

fo rm atio n s  bu t on th e  p re se n t map th e y  o v e rs tep  beyond th e  Ngorora For

m ation in  a  ve ry  l im i te d  a r e a .  In  g e n e ra l th e  t r a c h y te s  l i e  on a  f a u l t -  

re p e a te d  su cc e ss io n  o f Sumet P h o n o lite  and Ngorora F orm ation . At one pxsint 

o n ly , n ea r th e  road  two m ile s  sou th  o f Bartabwa, th e  low est t r a c h y te  l i e s
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on th e  to p  Kamuiton P h o n o li te . Westwards from t h e i r  e a s te rn  ou tcrop-raarg in  

on th e  to p  o f th e  range th e  t r a c h y te s  th ic k e n  v e ry  suddenly and th e  mapping 

showed th a t  th e  upper o f th e  two main flow s j u s t  o v e rla p s  th e  lo w er.

The t r a c h y te s  co n tin u e  to  th ic k e n  tow ards th e  K erio v a l le y ,  being  

a t  l e a s t  ^00 f e e t  th ic k  a t  A tyar and over 730 f e e t  in  th e  v a l le y  o f th e  

Sergothw a, T h is i s  l e s s  th an  th e  maximum th ic k n e s s  o f 1100 to  1200 f e e t  

re co rd ed  by M artyn ( o p . c i t . ,  p .? l )  in  th e  Eron v a l le y .  At l e a s t  th re e  

flow s a re  p re se n t in  th e  Kinyach a re a ,  ’ flow  th r e e ’ o v erlap p in g  ’ flow  tw o’ 

about 1^ m ile s  from th e  fo o t o f  th e  d ip - s lo p e .  Thus, th e  two flow s p re se n t 

on th e  h ig h e r  p a r t  o f  th e  d ip -s lo p e  a re  flow s 'one* eind ’ th ree*  o f th e  

Kinyach a rea*

Tops o f flow s may be i d e n t i f i e d  by v e s ic u la r i ty  and b re c c ia t io n  bu t

th e  mapping o f in d iv id u a l  flow  o u tc ro p s  on th e  d ip -s lo p e  was done alm ost

e n t i r e ly  on p h o to g e o lo g ic a l ev id en ce , e ro s io n  sc a rp s  o f th e  s e p a ra te  flow s 

being  very  c le a r  on th e  a e r i a l  pho to g rap h s. No sed im en ts occur a s s o c ia te d  

w ith  th e  tra c h y te  su cc e ss io n  anywhere on th e  d ip -s lo p e .

At Yatya th e  b a sa l K abarnet t r a c h y te  r e s t s  w ith  ap p aren t confo rm ity  

on ty p ic a l  Sumet P h o n o li te . The t o t a l  th ic k n e s s  o f th e  fo rm ation  h e re  i s  

600 f e e t  bu t o f t h i s  150 to  200 f e e t  i s  re p re se n te d  by sed im ents between

th e  two main flo w s. L o c a lly  between Yatya and S ib i l l o  a  t h i r d  flow , o f

v e ry  p o rp h y r i t ic  t r a c h y te ,  occurs a t  th e  to p  o f th e  su cc e ss io n , capping 

d i s t i n c t iv e  w h ite  tu ffa c e o u s  sed im en ts . T h is  su cc e ss io n  forms th e  s o u th -e a s t  

co rn e r o f  Rurmoch mesa and i s  re p e a te d  by f a u l t in g  a t  th e  extrem e so u th ern  

edge o f th e  a re a  (2 4 8 3 ). I t  i s  n o t c le a r  w hether th e  sp o rad ic  occurrence  

of th e se  u n i t s  i s  due to  prim ary  d i s t r i b u t io n  o r to  th e  sub-K aparaina un

co n fo rm ity . The upper main flow  forms th e  wide mesa on which Rurmoch peak 

s ta n d s , and te rm in a te s  above th e  Y atya r i v e r  a s  a  v e r t i c a l  tw o-hundred- 

fo o t c l i f f  o v erlo o k in g  an e x te n s iv e  a re a  o f l a n d - s l i p .

In  th e  f a u l t - a r c h  i n l i e r s  o f T eg it and C hepirim or on ly  one t r a c h y te  i s  

seen , i t s  t o t a l  th ic k n e s s  being  no t l e s s  th an  ^00 f e e t ,  bu t below Kokwomur
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yellow -brow n bedded t u f f s  a re  seen  a p p a re n tly  ly in g  beneath  th e  t r a c h y te .  

The huge mass o f Kokwomur ( f i g .  33) r i s i n g  seven hundred f e e t  from th e  su r

rounding  v a l le y  i s  composed e n t i r e ly  o f t r a c h y te .  A la rg e  a re a  o f ex

f o l i a t i o n  sh e e ts  i s  seen  on th e  e a s te rn  face  and t h i s ,  to g e th e r  w ith  th e  

absence o f re c o g n iza b le  f lo w -u n its ,  g iv e s  t h i s  h i l l  th e  s u p e r f i c i a l  

appearance o f a  p lu to n ic  body or e x tru s iv e  cumulo-dome. However, th e

K is i t e i  gorge s e c t io n  shows th e  l i th o lo g y  to  be no d i f f e r e n t  from th a t  o f

th e  d ip -s lo p e  s h e e ts ;  th e  f i s s i l i t y  d ip s  s te a d i ly  a t  30-40 degrees to  

th e  n o rth -w es t and in  th e  e a s te rn  end o f  th e  gorge s o l id  la v a  i s  o v e r la in  

by t r a c h y t ic  b re c c ia .  V/hen viewed from any d is ta n c e  to  th e  e a s t  th e  whole 

h i l l  i s  seen  to  have a  r e g u la r  p la n a r  to p  d ipp ing  to  th e  NNE ( p i .  12 ) ,

i . e .  concordant w ith  th e  te c to n ic  d ip  o f th e  so u th ern  i n l i e r s .  I t  i s  

a cco rd in g ly  in te r p r e te d  a s  a  ’ sing le-ended*  h o rs t  composed o f one e x tr a 

o r d in a r i ly  th ic k  and m assive flow  ( see P a r t  l i d ) .

Northw ards from K is i t e i  th e  tr a c h y te  forms a  low asym m etric r id g e

a t  th e  n o r th e rn  end o f w hich, a t  M pesida, f o s s i l i f e r o u s  sed im ents d ip  o f f

th e  t r a c h y te  on WNV/-ESE s t r i k e ,  i . e .  norm al to  th e  re g io n a l  f a u l t  p a t te r n  

b u t, a g a in , concordant w ith  th e  g e n e ra l te c to n ic  a t t i t u d e  o f th e  tra c h y te  

i n l i e r s .

At Mulcur, on th e  n o r th e rn  edge o f th e  a re a , a gorge rem arkably  s im ila r  

to  th a t  a t  K is i t e i  c u ts  th rough  th e  K abarnet fo rm atio n , h e re  a t  i t s  most 

t e c to n ic a l ly  complex developm ent. V ertice il b lu f f s  o f t r a c h y t ic  b r e c c ia /  

agglom erate  form th e  e a s te rn  mouth o f th e  gorge and t h i s  l i th o lo g y  i s  con

tin u e d  f o r  300 y a rd s  upstream  on th e  so u th  s id e .  However, more normal 

t r a c h y te  l i th o lo g i e s  p redom inate , f in e -g ra in e d  w ith  s c a t te r e d  sm all (3  mm.) 

s a n id in e  p h e n o c ry s ts . At th e  b ig  loop  in  th e  c e n t r a l  s e c t io n  o f th e  gorge 

th in ly -b ed d e d  p a le  brown tu ffa c e o u s  sed im en ts o ccu r, d ipp ing  v e r t i c a l l y  on 

a  n o r th -so u th  s t r i k e .  A few y a rd s  to  th e  west th e y  a re  ag a in  seen  d ipp ing  

s te e p ly  w estw ards benea th  a  r e l a t i v e l y  th in  (40-50  f e e t )  tra c h y te  flow .

In  t h i s  f i n a l  (w este rn ) s e c t io n  o f th e  gorge th e  d ip  ag a in  changes a b ru p tly



40

and th in  tr a c h y te  flow s o v e r l ie  b u ff-y e llo w  f in e -g ra in e d  bedded t u f f s  

d ipp ing  a t  40° to  th e  s o u th - e a s t .  I t  i s  obvious th a t  in  t h i s  a re a  th e  

K abarnet h as been v e ry  s tro n g ly  d is tu rb e d  by f a u l t in g  and t i l t i n g .  T his 

f a c t  h as a  b earin g  on th e  o v e ra l l  s t r u c tu r a l  i n t e r p r e ta t io n  o f th e  Mukur 

a re a  a s  a  whole (s e e  P a r t  l i d ) .

The i n l i e r  o f K abarnet t r a c h y te  in  Kaperyon Form ation on th e  Chepkesin 

road  ( 2299) i s  in te r p r e te d  a s  K abarnet only  on g ro ss  l i th o lo g y .  The 

d isco n tin u o u s  o u tc ro p  o f K abarnet a long  th e  fo o t o f th e  main sca rp  i s  th e  

r e s u l t  o f  dragging  on th e  la rg e  sc a rp  f a u l t s .  The t r a c h y te  d ip s  very  

s te e p ly  (up to  70° )  and th e  te c to n ic  cause i s  proved by th e  o ccu rren ce , 

between t r a c h y te s ,  o f f in e -g ra in e d  w a te r - la id  t u f f s  (184993) a ls o  d ipp ing  

e a s t  a t  th e  saune a n g le . T h is  f a u l t - d r a g  e f f e c t  i s  b e s t seen  in  th e  

Mokhungo-Noroyan R iv er a re a ,  where th e  com bination o f re g io n a l  westward 

d ip  and s te e p  eastw ard  d ip  due to  drag  on th e  so u th ern  end o f  th e  K ito  Pass 

F a u lt  has produced a  to p o g ra p h ic a l ly  exp ressed  sy n c lin e  in  th e  tr a c h y te  

(se e  P a r t  l i d ) .

( i i i )  Sedim entary in t e r c a l a t io n s

These a re  alm ost e n t i r e ly  r e s t r i c t e d  to  th e  su cc e ss io n s  exposed in  th e  

e a s te rn  i n l i e r s  and com prise two main f a c ie s  a s s o c ia t io n s :  (a )  e p i c l a s t i c -  

f e ld s p a th ic  vd.th f o s s i l  v e r te b r a te s ,  and (b ) p y r o c la s t i c ,  g e n e ra lly  

u n f o s s i l i f e r o u s .

The f o s s i l i f e r o u s  f a c ie s  i s  w e ll exposed a t  K asigoryan, one and a  h a l f  

m ile s  n o rth -w es t o f Y atya, H ere, over ^0 f e e t  o f  s i l t s ,  s an d s to n e s , f e ld -  

s p a th ic  t u f f s ,  a rg i l la c e o u s  p u m ic e -tu ffs  and one le n s  o f f in e  conglom erate 

a re  exposed . In  o v e r a l l  l i th o lo g y  th e se  sed im ents resem ble th e  f i n e r -  

g ra in e d  f a c ie s  o f  th e  Ngorora F orm ation . At K asigoryan th e  most prom inent 

bed i s  th e  le n s  o f c ro ss-b ed d ed  f in e  conglom erate o r g r i t  o f p h o n o lite  and 

t u f f  p eb b les  and fe ld s p a r  c l a s t s .  T h is bed, 40 f e e t  in  exposed e x te n t ,  

w ith  a  maximum th ic k n e s s  o f 4 f e e t ,  i s  w e ll in d u ra te d  by i ro n  ox ides and 

where th e  u n d e rly in g  s o f t e r  sed im ents have been removed by e ro s io n  la rg e
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bones can be seen p ro je c t in g  from th e  base o f  th e  conglom erate. V e rte b ra te  

f o s s i l s  a re  a ls o  found in  th e  f in e -g ra in e d  s i l t s  and san d s to n es , f i s h ,  

c ro c o d ile  and ch e lo n ian  rem ains being  o f te n  co n ce n tra te d  in  v e ry  th in  

beds o f l im o n it ic  f e ld s p a th ic  san d s to n e .

The a r g i l la c e o u s  t u f f s  a re  o f te n  s i l i c i f i e d  to  a  p o rc e llan o u s  ro ck , 

a s  in  th e  Ngorora F orm ation .

The K asigoryan l o c a l i t y  i s  un ique in  th a t  on ly  h e re  can th e  f o s s i l i 

fe ro u s  sed im ents be shown c o n c lu s iv e ly  to  l i e  between tra c h y te  flo w s. At 

th e  tv;o o th e r  main exposures o f  t h i s  f a c ie s ,  C heparain  in  th e  sou th  and 

Mpesida in  th e  n o r th , th e  ex ac t r e la t io n s h ip s  w ith in  th e  Kabarnet Form ation 

a re  obscured by o v e rs tep  o f younger ro c k s , te c to n ism  and l a n d s l ip .

At Mpesida 100 f e e t  o f th e  f o s s i l i f e r o u s  f a c ie s  i s  seen  d ipp ing  s te e p ly  

to  th e  NNE o f f  th e  t r a c h y te  mass and i s  o v e r la in  w ith  ap p aren t conform ity  

by th e  Kaperyon Form ation ( f i g .  2 l ) .  From t h i s  l o c a l i t y  th e  name ’Mpesida 

Beds' was f i r s t  su g gested  fo r  th e se  f o s s i l i f e r o u s  sed im en ts , bu t i s  i s  

p re fe ra b le  to  r e f e r  to  them a s  ’Mpesida f a c i e s ’ , s in c e  s t r a t ig r a p h ie  c o rre 

l a t i o n  between exposures i s  dub ious. At Mpesida th e  sedim ents resem ble thos; 

a t  K asigoryan , bu t conglom erates a re  a b se n t. F o s s i l s  a re  abundant bu t only  

r e p t i l e  and f i^ h  rem ains were found in  s i t u .  The m a trix  of some o f th e  

l a r g e r  mammalian bones i s  a  g reen  p o rc e llan o u s  c h e r t .  Near th e  ju n c tio n  

w ith  th e  tr a c h y te  th e  sed im ents a re  v e ry  much d is tu rb e d  and sh ea re d .

Mpesida sh a re s  w ith  th e  o th e r  o u tc ro p s  th e  p resence  o f  anomalous t r a c h y te -  

capped k n o l ls  w ith in  th e  ou tc ro p  o f th e  sed im en ts . These e i th e r  in d ic a te  

th e  p resence  o f s tro n g  in t r a - f o rm a t io n a l  unconform ity  o r , more p robab ly , a re  

th e  eroded rem nants o f  eincient l a n d s l ip s .

The Mpesida f a c ie s  occu rs  ag a in  a t  C heparain , sou th  o f Rurmoch, where 

th e  r e la t io n s h ip  between sed im ents and tra c h y te s  i s  ag a in  u n c e r ta in , but 

th e re  i s  much d is tu rb a n c e  o f th e  fo rm er. Among th e  u su a l l i th o lo g ie s  very  

s m a ll-s c a le  f a u l t in g  (100 mm.) occu rs  in  th in -b ed d ed  h o riz o n s . At t h i s  

l o c a l i t y  th e  Mpesida f a c ie s  i s  o v e r la in  by non-bedded prim ary  pum ice-
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t u f f s , a t  l e a s t  80  f e e t  th ic k ,  c o n ta in in g  abundant rem ains o f t r e e s  ( tru n k s  

and ? ro o ts )  in  p o s i t io n  o f grow th . Some o f th e  tru n k s  a re  up to  one fo o t 

i n  d iam e te r . Most o f th e  p la n t rem ains have been c a lc i f i e d  bu t a  few a re  

b e a u t i f u l ly  p re se rv e d  in  s i l i c a  ( 2/ 216 ) ;  th e  l a t t e r  a re  common a s  b o u ld e rs  

in  th e  s tream -bed  up to  h a l f  a  m ile  downstream from th e  exposure .

The C heparain  t u f f s  a re  a ty p ic a l  o f th e  p y ro c la s t ic  f a c ie s ,  which i s  

more u s u a lly  w a te r - la id  and w e ll-b ed d ed . In  p o in t o f f a c t  th e  bedded 

t u f f s  a re  th e  most common l i th o lo g y  o f th e  whole sedim ent group, a  p o in t 

which was overlooked in  th e  f i e l d  due to  th e  g re a te r  i n t e r e s t  o f th e  

f o s s i l i f e r o u s  Mpesida f a c i e s .  The p y ro c la s t ic  f a c ie s  o ccu rs  a t  Mukur, 

below th e  tr a c h y te  a t  Kokwomur, a t  v a r io u s  l o c a l i t i e s  in  th e  sou th  and i s  

most w idely  exposed to  th e  west o f  Yatya where bedded p u m ic e -tu ffs  and 

p u m ic e - la p i l l i  agg lom erates  occur in  a  s l i g h t ly  f a u l te d  su ccess io n  w ith  

t r a c h y te .  The Mpesida f a c ie s ,  w e ll-d ev e lo p ed  a t  K asigoryan , i s  n o t seen 

h e re  and i s  p o s s ib ly  th e  l a t e r a l  e q u iv a le n t o f th e  p y ro c la s t ic  f a c ie s .

However, th e re  i s  no doubt th a t  a t  C heparain  th e  p rim ary  p y ro c la s t ic s  

o v e r l ie  th e  Mpesida f a c ie s  and a re  them selves o v e r la in  by a  v e ry  f in e 

g ra in e d  th in -b ed d ed  w hite  t u f f ,  exposed beneath  th e  tr a c h y te  on th e  sou th 

e a s t  co rn e r o f th e  Rurmoch mesa.

The most w e s te r ly  o u tc ro p  o f PCabarnet sed im ents i s  on a sm all k n o ll  

on th e  low er mesa o f Sumet. Here 15 f e e t  o f sed im ents com prising , from 

th e  bottom , g rey  bedded t u f f s ,  pum ice-agglom erates and yellow  a rg i l la c e o u s  

t u f f s  crop  out on th e  n o rth -w es t s id e  o f th e  k n o ll  ( 182950) which i s  capped 

by la rg e  b lo ck s  o f t r a c h y te ,  presum ably re p re s e n tin g  th e  rem ains o f a 

h ig h e r flow . T h is  o u tc ro p  i s  s ig n i f ic a n t  in  en ab lin g  a  c o r r e la t io n  to  be 

made between th e  low est flow  a t  Y atya, dem onstrably  o v e r la in  by sed im en ts, 

and th e  s in g le  flow  o f Sumet and Mokhungo. W hile th ey  may no t be th e  

same flow  (however, in  view o f th e  e x te n t o f flow s on d ip -s lo p e , th ey  

probab ly  a r e ) ,  i t  i s  p o s s ib le  to  say th a t  th e  sed im en tary  h o rizo n  may be 

e x tra p o la te d  to  a  p o s i t io n  between th e  two main flow s o f  th e  upper d ip -  

s lo p e .
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Environment

The s im i la r i ty  o f th e  Mpesida f a c ie s  to  th e  Ngorora Form ation ty p e -  

s e c tio n  f a c ie s  has been n o ted ; th e  analogy  can be extended to  a  com parison 

o f th e  ty p ic a l  K abarnet p y ro c la s t ic  f a c ie s  w ith  th e  Poi tu ffa c e o u s  sand

s to n e s . However, in  th e  K abarnet sed im ents th e re  i s  no obvious s p a t i a l  

r e la t io n s h ip  between th e  d i f f e r e n t  f a c ie s  a s  th e re  i s  in  th e  N gorora, A 

f u r th e r  i n te r e s t in g  f e a tu re  i s  th a t  in  th e  th ic k e s t  s e c t io n s  observed in  

both K abarnet sed im en ts and Ngorora Form ation , a t  Cheparain-Eurmoch and 

K abarsero r e s p e c t iv e ly ,  th e  to p  o f th e  su cc e ss io n  i s  dom inated by s im ila r  

w hite  lam in a ted  t u f f  l i t h o l o g i e s .

I t  fo llo w s th a t  th e  K abarnet sed im ents in d ic a te  an environm ent 

s im i la r  to  t h a t  o f th e  N gorora Form ation , but w ith  l e s s  pow erful and wide

sp read  f l u v i a t i l e  d e p o s it io n . The p re se n t c o n d itio n s  around Lake T ilam , 

below Pakka volcano  on th e  p la in s  o f  th e  r i f t  c e n tre  re p re s e n t  a  s im ila r  

s i tu a t io n :  a  v o lc an ic  p la in  f lo o re d  by la v a s  h as  been s l i g h t l y  f a u l te d  

a llo w in g  a l l u v i a l  d e p o s it io n  over th e  whole su rfa c e  and, to  a  g re a te r  th ic k  

n e ss , i n  fau lt-b o u n d ed  d e p re s s io n s . I f  minor e x p lo siv e  volcanism  were 

p re v a le n t a t  th e  p re se n t tim e much o f th e  a lluv ium  would n a tu r a l ly  be o f 

p y ro c la s t ic  m a te r ia l ,  a s  i t  i s  in  th e  K abarnet sed im en ts . The p resence  , 

i n  th e  l a t t e r  o f e p ic l a s t i c  conglom erates and ’g r i t s ’ , to g e th e r  w ith  th e  

rem ains o f a q u a tic  v e r te b r a te s ,  in d ic a te s  a  more permanent f l u v i a t i l e  

regim e in  a d d it io n  to  th e  r e d i s t r ib u t io n  o f lo c a l  p y r o c la s t i c s .

2 . K aparaina B a s a lts  Form ation

T h is  fo rm atio n  com prises b a sa l f o s s i l i f e r o u s  sed im ents ( th e  Lukeino 

Member), a  la rg e  number o f  b a s a l t  flow s and, in  th e  upper p s irt, prom inent 

flow s o f t r a c h y te .  I t  a t t a i n s  a  maximum th ic k n e s s  o f 1200 f e e t  in  th e  

t h e s i s  a re a  where i t  acco u n ts  fo r  most o f  th e  g e o lo g ic a l map to  th e  e a s t  

o f th e  main sca rp  f a u l t s .  In  th a t  a re a  th e  o u tc ro p  forms a  g e n tle  

f a u l te d  a n t i c l i n e ,  which i s  a  sim ple c o n tin u a tio n  from th e  K aparaina range
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(from  which th e  fo rm ation  was f i r s t  proposed by Martyn in  1966) to  th e  

so u th . Both i'iartyn ( o p . c i t . ,  p .8 0 ) and L ippard  (Ph.D . th e s i s  i n  p rep a ra 

t io n )  have found o u t l i e r s  o f K aparaina b a s a l t s  on K abarnet T rachy te  on 

th e  c r e s t  o f th e  Kamasia between K abartonjo  and Tenges, bu t th e  fo rm ation  

i s  n o t seen  to  th e  west o f che main sc a rp  f a u l t s  in  th e  p re sen t a r e a .  On 

th e  n o rth e rn  edge o f th e  p re se n t a re a  th e  K aparaina i s  o v e r la in  by th e  

la v a s  qnd t u f f s  o f th e  Ribkwo v o lc an ic  complex and no d e f in i te  c o rre 

l a t i o n s  have y e t been made w ith  o th e r  fo rm atio n s  f u r th e r  n o r th .

( i )  Lukeino Member and Rurmoch D o le r ite

A sed im entary  member c h a ra c te r iz e d  by c e r ta in  d i s t in c t iv e  l i th o lo g ie s  

bu t v a ry in g  g r e a t ly  in  bo th  f a c ie s  and th ic k n e ss  ( f i g .  1 9 ) .

From th e  so u th ern  bo rd er o f th e  a re a  to  th e  T eg it i n l i e r  th e re  i s  a  

d i s t i n c t iv e  b a sa l f a c ie s ,  com prising  bedded f o s s i l i f e r o u s  e p ic l a s t i c  and 

p y ro c la s t ic  l i th o lo g i e s  w ith  an abundance o f fe rru g in o u s  cem enta tion  and 

a l t e r a t i o n .  The low est beds a re  redd ish-brow n fe ld s p a th ic  sands w ith  many 

l im o n it ic  c o n c re tio n s  and ’b o xstones* . These can be shown a t  th e  Kapgoyo 

l o c a l i t y  (208899 ) to  l i e  w ith  s l i g h t  d isco n fo rm ity  on f a u l te d  t r a c h y te s  

and sed im ents o f th e  K abarnet F orm ation . The re d  sands s tro n g ly  resem ble 

th e  p re se n t-d a y  w eathering  p ro d u c ts  o f th e  t r a c h y te s  and th e  sands a re  

a cc o rd in g ly  a sc r ib e d  to  th e  same p ro c e s s . These fe rru g in o u s  b a sa l beds 

co n tin u e  to  th e  sou th  o f th e  a re a  and Martyn ( o p . c i t . ,  p .230) g iv e s  chem ical 

a n a ly se s  showing th a t  th e y  a re  c e r ta in ly  t r a c h y te  w eathering  p ro d u c ts  

w ith , compared to  f r e s h  t r a c h y te ,  a  d ecrease  in  SiO^; in c re a s e  in  Al^O^, 

i ro n  ox ides and H^O; th e  re d  c o lo ra t io n  i s  caused by f r e e  Fe^O^.

In  th e  a re a  w est o f Rurmoch th e  re d  sands a re  succeeded by s im ila r  

bu t p o o rly  bedded yellow -brow n sands, c o n s is t in g  c h ie f ly  o f decomposed 

la v a  d e b r is ;  a g a in , fe rru g in o u s  v e in s  and c o n c re tio n s  o ccu r. These a re  

o v e r la in  lo c a l ly  by a  bedded w hite  s i d e r i t e / c a l c i t e  ro ck , probably  

re p la c in g  th e  w hite  diatom aceous l i th o lo g y  which occurs a s  th in  beds
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th roughou t th e  whole member. At Kapgoyo th e  re d  sands a re  o v e r la in  by 

g rey , g reen  and y e llo w ish  f in e  sands and s i l t s  r i c h  in  v e r te b ra te  rem ains, 

h ippo being  e s p e c ia l ly  abundan t.

The b a sa l beds a re  no t w e ll exposed f u r th e r  n o rth  but th e  ty p ic a l  

re d  s i l t s  and 'd i a t u f f s '  a re  seen  in  th e  road  to  th e  n o rth -w est o f T e g it ,  

and th e  yellow -brow n w eathered  t u f f  in  c o n ta c t w ith  K abarnet t r a c h y te  on 

th e  west s id e  o f T e g it i s  a ls o  in te r p r e te d  a s  b a sa l L ukeino.

Rurmoch D o le r ite

T his u n i t  u s u a lly  d iv id e s  th e  low er f a r ru g in o u s /e p ic la s t ic  beds o f 

th e  Lukeino Member from th e  upper predom inan tly  tu ffa c e o u s  f a c ie s .  The 

rock  i s  a  p o rp h y r i t ic  d o l e r i t e ,  la rg e  fe ld s p a r  p h en o cry sts  in  ' t r a c h y t i c '  

o r ie n ta t io n  being  prom inent bu t w ith  pyroxene and o l iv in e  commonly a ls o  

p re s e n t .  The groundmass i s  u s u a lly  fine/m edi\im -grained  and o p h it ic  but 

in  th e  T eg it a re a  a  fe ld sp a rp h y ric  v a r ie ty  w ith  f in e -g ra in e d  ground-m ass 

com prises th e  upper p a r t  o f th e  u n i t .  The rock  d is p la y s  good sp h e ro id a l 

w eathering  which to g e th e r  w ith  th e  abundance o f la rg e  p h en o cry sts  f a c i l i 

t a t e s  f i e l d  r e c o g n it io n .

On Rurraoch peak i t s e l f  b a s a l t s  t o t a l  400 f e e t  in  th ic k n e ss  but h e re  

ap h y ric  p e tro lo g ie s  appear bo th  above and below th e  fe ld sp a rp h y ric  d o l e r i t e .  

The low er ap h y ric  u n i t  i s  p robab ly  th e  b a s a l t  d iv id in g  th e  Lukeino Member 

in  th e  S ib i l l o  a re a  to  th e  s.oTJfch where th e  fe ld sp a rp h y ric  d o le r i t e  i s  

ab sen t (M artin  o p .c i t . ,  f i g .  30)* The fe ld sp a rp h y ric  d o le r i t e  has a  

th ic k n e s s  o f 1^0 f e e t  on Rurmoch and th in s  v e ry  g ra d u a lly  northw ards to  a  

poorly -exposed  s e c t io n  o f 13 to  20 f e e t  n o r th  o f T e g it .

In  th e  s e c t io n  in  th e  upper Kobuluk R iv er (248943) and west f la n k s  

o f T e g it ,  two fe ld s p a rp h y r ic  u n i t s  (n o t s e p a ra te d  on th e  map) a re  seen 

w ith in  th e  Lukeino Mekber. The w r i te r  su sp e c ts  th a t  t h i s  u n i t  may in

* V arious a r g i l la c e o u s  w ell-bedded  w h itish  sed im ents o c cu rrin g  in  many 
fo rm atio n s  a re  com prised o f bo th  prim ary  v o lc a n ic la s t ic  m a te r ia l  
and b io g en ic  s i l i c a  in  th e  form o f d iatom s; hence ’ d i a t u f f  -  
a  ' sack* te rra .
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fact be entirely intrusive in view of the porphyritic doleritic texture, 

lateral persistence with very gradual thinning and sudden appearance of 

two separate units near Tegit, suggesting splitting-up of the intrusion 

near its extremities. However, in the rare exposures where the contact 

with sediments can be seen there is no sign of a chilled upper margin, 

discordant contacts, or baking of the country rock. On the other hand 

neither is there any of the marginal vésiculation, autobrecciation and 

weathering which characterises extrusive flows, and an intrusive theory 

of origin is generally more satisfactory.

Above the Rurraoch Dolerite in the south a further 110 feet of 

sediments occurs, composed largely of a brown ferruginous friable rock 

containing weathered lava fragments and feldspar crystals. This is some

times well-bedded in units 6 inches to 1 foot thick. It appears to be a 

polygenetic rock, but derived chiefly from extreme weathering of basaltic 

lapilli-tuffs. It crops out well to the south of the thesis area in the 

region of the Kaichurot volcanic centre where it passes into basaltic 

agglomerate (îlartyn pers.coram.). It is seen again in the lower beds 

around Tegit and returns in force in the Kisitei area where it contains 

a high proportion of pumiceous tuff and some blocks of trachyte. Sections 

up to 10 feet in thin weathered tuff lithology occur also in the Chepkow 

river valley in the east.

The most northerly exposure of Lukeino Member is the bedded brown 

tuff of the upper Kateli River, attributed to this member entirely on 

lithological evidence, in a tectonically complex situation. (At Mpesida, 

south of the brown tuff section, the pre-Kaperyon surface was on Kpesida 

facies of the Kabarnet sediments, dipping northwards; presence of the 

basal Kaparaina further north is thus not unlikely.)

F ig u re  19 shows th a t  th e  sudden in c re a s e  in  th ic k n e ss  o f th e  Lukeino 

Member in  th e  n o r th  and sou th  i s  a s s o c ia te d  w ith  th e  occurrence  o f  th e  

brown t u f f  l i th o lo g y .
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W ithin  th e  brown t u f f s  occur th in  beds o f * d ia tu f f ’ , g reen  and grey  

tu ffa c e o u s  s i l t s ,  r a r e  f e ld s p a th ic  san d sto n es  and p u m ic e - la p i l l i  agg lo 

m era tes . In  th e  c e n t r a l  Kapgoyo-Tegit re g io n  th e  upper beds a re  dominated 

by w ell-bedded  sub-aqueous l i th o lo g i e s ;  w hite  m assive d ia to m ite s  (2 /244) 

and diatom aceous paper sh a le s  a re  p a r t i c u la r ly  c h a r a c t e r i s t i c .

Diatomaceous sed im ents and bedded green  t u f f s  and s i l t s  a ls o  occur 

around Kokwomur and K i s i t e i  but a re  su b o rd in a te  to  th e  brown t u f f s .  In  

th e  K i s i t e i  a re a  beds o f c a l c i f i e d  t u f f  occur 200 y ard s  sou th  o f th e  

d r i f t , d ipp ing  s te e p ly  away from th e  t r a c h y te .  In  th in  s e c tio n  th e se  a re  

seen  to  be composed o f c a l c i t e  (90^ ) re p la c in g  f ib ro u s  pumice, w ith  r e l i c t  

u n a lte re d  p la g io c la s e  c r y s t a l s .

At th e  confluence  o f th e  two main b ranches o f th e  Kobuluk R iver 

( 248943) ap h y ric  f in e -g ra in e d  b a s a i t  l i e s  on eroded w hite  p a p e r - s h a le s .

T h is  may be on ly  a  lo c a l  unconform ity  but i t  i s  p o s s ib le  th a t  a  d isco n 

t i n u i t y  a t  t h i s  le v e l  would account fo r  th e  absence o f Lukeino Member 

around th e  fo o t o f Kukwaderr. S ince  th e  Lukeino does occur on to p  o f th e  

Yatya f a u l t - a r c h  s t r u c tu r e ,  around T eg it (a lth o u g h  th in n e r )  and in  th e  

Chepkow v a l le y  to  th e  e a s t  o f  th e  f a u l t - a r c h  b e l t  i t  i s  l i k e l y  th a t  i t  

was in  f a c t  co n tinuous over th e  whole a re a  and e n t i r e ly  preceded  b a s a l t  

e x tru s io n . T h is c o n tr a s ts  w ith  th e  s i tu a t io n  f u r th e r  sou th  where Martyn 

p o s tu la te s  a  la k e  b a s in  bounded by th e  Karaasia escarpm ent in  th e  west and 

dammed by e a r ly  la v a s  o f th e  K aichurot c e n tre  in  th e  e a s t .  Martyn (o p .c i t . ,  

p .83 ) re c o rd s  b o u ld e rs  o f ’Saimo P h o n o li te s ’ (S idekh P h o n o lite s )  in  a  

* piedmont fac ies*  below th e  Saimo escarpm ent, p rov ing  th a t  a t  th e  tim e of 

Lukeino d e p o s it io n  throw  on th e  Saimo F a u lt  a lre a d y  amounted to  3^00 f e e t ,  

g iv in g  an escarpm ent a t  l e a s t  I 3 OO f e e t  above th e  b a s in  o f d e p o s it io n .

True la c u s t r in e  c o n d itio n s  c e r ta in ly  e x is te d  a t  tim es in  th e  p re sen t 

a re a , and ev idence o f sub-aqueous d e p o s it io n  occu rs  r e g u la r ly  th roughout 

th e  su c c e ss io n . Abundance o f h ippo among th e  f o s s i l s  o f th e  b a sa l beds 

adds f u r th e r  to  th e  environm entail p ic tu r e .
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( l i )  B a sa lts

Between 20 and 30 b a s a l t  flow s make up th e  bu lk  o f th e  K aparaina 

Form ation in  th e  p re se n t a r e a .  Î4artyn (pers.com m .) reco rded  up to  40 

flow s in  th e  fo rm ation  in  th e  K aparaina Range to  th e  so u th . The fo llo w in g

ty p e s  can be d is t in g u is h e d  in  th e  f i e l d ;

1 . P or-phyritic  -  common p la g io c la s e  and o l iv in e  and r a r e  pyroxene 

p h e n o c ry s ts : T h is  i s  th e  most ty p ic a l  p o rp h y r i t ic  type  and i s  b lack  in

co lo u r when f r e s h ;  i t  i s  o f te n  r e f e r r e d  to  in  th e  w r i t e r ’s  f i e l d  n o te 

books a s  th e  'K a te l i  ty p e ' s in c e  i t  was f i r s t  encoun tered  in  th e  K a te li

R iver s e c t io n .  The d e n s ity  o f p h en o cry sts  v a r ie s  -  p h y ric  pyroxene i s  

ab sen t from th e  more s p a r s e ly  p o rp h y r i t ic  v a r i e t i e s .

2 . P o rp h y r it ic  -  v e ry  abundant p h en o cry sts  o f o l iv in e ,  a u g ite  and 

p la g io c la s e : D is t in c t ly  more p h en o cry sts  th an  th e  'K a te l i  ty p e ' and v e ry

f r e s h ;  th e  o v e ra l l  co lo u r in  hand-speciraen i s  p a le r  th a n  th e  'K a te l i '  

ty p e . The ty p e  i s  v e ry  r a r e ,  and was observed  a t  only  two l o c a l i t i e s ,  one 

j u s t  to  th e  e a s t  o f Chemolingot h i l l ,  th e  o th e r  n e a r th e  base o f th e  

b a s a l t s  in  th e  Yatya r i v e r  s e c t io n .

3* F e ld s p a rp h y r ic : Large (up to  15 mm.) p la g io c la s e  p h en o cry sts  in  a

f in e -g ra in e d  g rey  groundm ass. O ther p h en o cry sts  a re  r a r e  o r a b se n t.

T h is type  i s  l e s s  common th an  th e  'K a te l i  t y p e ' . C e r ta in  o f th e  Rurmoch 

D o le r i te  l i t h o lo g i e s  resem ble t h i s  ty p e  in  th e  f i e l d  bu t a re  d is tin g u is h e d  

in  th in  s e c t io n  by th e  a b u n d a p t^ o j^ it ic  brown a u g i te .

4 . A phyric , f in e -g r a in e d : These in c lu d e  o l iv in e - b a s a l t s ,  b a s a l t s  and r a r e

h a w a ii te s .  In  t o t a l  b u lk  th e y  eq u al th e  p o rp h y r i t ic  ty p e s . The type  i s  

o f te n  deep ly  w eathered  to  a  p in k , p u rp le  o r p a le  g rey  co lo u r and in  th e  

h a w a iite  ( i d e n t i f i a b l e  on ly  i n  th in  s e c t io n )  may have a  s u b - tra c h y tic  

f i s s i l i t y .

5 « S parse  sm all p h e n o cry s ts . f in e -g ra in e d , f i s s i l e : T h is type  com prises

h a w a iite s  and m u g earite s , and i s  r e l a t i v e l y  r a r e .  They r a th e r  resem ble
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dark  t r a c h y te s  i n  hand specim en, bu t a re  d i s t i n c t l y  h e a v ie r .  T h in- 

s e c t io n  exam ination  su g g es ts  th a t  th e  Kamsoror rock  (rau g e a r ite ) , a t  

l e a s t ,  may be o f h y b rid  o r ig in .

6 . A phyric, fine/m edium  g ra in e d ; Only one example i s  known o f t h i s  

ty p e , from n ea r th e  base o f th e  fo rm ation  in  th e  Kamsoror-Chepochom a r e a .

I t  i s ,  in  th e  f i e l d ,  n o tic e a b ly  c o a rs e r  in  g r a in - s iz e  th an  most b a s a l t s  

and th in - s e c t io n  exam ination  shows i t  to  have a d o l e r i t i c  (o p h i t ic )  

t e x tu r e .  I t  was no t p o s s ib le  to  determ ine th e  f i e l d  r e la t io n s h ip  o f t h i s  

rock  bu t th e  Nginyang B asa lt (P a r t  I c )  p roves th a t  o p h i t ic  te x tu r e s  can 

be found in  su rfa c e  flow s a s  w e ll a s  in  s i l l s .  I t  i s  an u n u su a lly  h a rd  

ro c k .

In d iv id u a l  flow s v a ry  from 10 to  40 f e e t  in  th ic k n e s s ;  th ey  cannot 

be t r a c e d  l a t e r a l l y  w ith  c e r ta in ty  fo r  any g re a t  d is ta n c e .  For t h i s  

re a so n  flow s were n o t mapped in d iv id u a l ly  w ith in  th e  K aparaina F orm ation , 

bu t th e  map in d ic a te s  o u tc ro p  f e a tu r e s ,  from bo th  photo and f i e l d  o b ser

v a t io n ,  which se rv e  to  e lu c id a te  th e  s t r u c tu r e  in  c e r ta in  a r e a s .

Many flow s become very  v e s ic u la r  and am ygdaloidal n ea r t h e i r  to p s , 

amygdales being u s u a lly  f i l l e d  by c a l c i t e .

Polygonal jo in t in g  i s  o f te n  w ell-d ev e lo p ed  ( p i .  I 9 ) .

Development o f re d  'bo le*  between flo w s, p a r t i c u la r ly  w e ll seen in  

th e  Cheptopokwa R iv er s e c t io n ,  i s  ev idence fo r  c o n s id e ra b le  tim e in te r v a l s  

between flow s; in  th e  K a te l i  R iv er s e c t io n  40 f e e t  o f bedded re d  e a r th y  

sed im ents o ccu rs  between flo w s, presum ably re p re se n tin g  th e  contem pora

neous rew orking and d e p o s it io n  o f w eathered  b a s a l t .  T h is b r ig h t  re d  

i n t r a - b a s a l t  w eathering  c o lo ra t io n , caused by f r e e  f e r r i c  ox ide , i s  in  

c o n tra s t  to  th e  brown h y d ra ted  ox ides ty p ic a l  o f th e  Lukeino brown t u f f s ,  

th e  sub-Kaperyon su rfa c e  and p re se n t day w eathering  p ro d u c ts .

Deep w eathering  i s  a  f e a tu re  o f th e  K aparaina g e n e ra lly  and in  t h i s  

re s p e c t th ey  d i f f e r  from th e  o th e r  b a s a l t s  o f th e  lo c a l  T e r t ia ry  su c c e ss io n .
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An alm ost ra in b o w -lik e  range o f re d , p u rp le , g re e n ish  and b lu e -g re y  co lo u rs  

occur a t  exposures g iv in g  r i s e  to  s o i l s  o f th e  same hues which become 

ex trem ely  g lu tin o u s  in  wet w ea th e r. To some e x te n t t h i s  i s  due to  contem

poraneous in t r a - f lo w  w ea th e rin g , a s  d esc rib ed , but i t  can be a sc r ib e d  

c h ie f ly  to  th e  le n g th  o f tim e fo r  which th e  K aparaina has been exposed 

to  e ro s io n , when compared to  th e  o ld e r  b a s ic  la v a s ,  exposed only  in  th e  

s w i f t ly  r e t r e a t i n g  sc a rp  s lo p e , and to  th e  younger b a s a l t s .

S p h e ro id a l w eath erin g  i s  b e s t developed in  th e  p o rp h y r it ic  'K a te li*  

ty p e s  where on la n d  s u r fa c e s  i t  may e x c e p tio n a lly  r e s u l t  in  w eathered-ou t 

sp h eres  up to  4 f e e t  in  d iam eter ( p i .  2 l ) .  The p o rp h y r i t ic  and c o a r s e r -  

g ra in e d  b a s a l t s  a re  more r e s i s t a n t  to  re c e n t e ro s io n  g e n e ra l ly ,  w hile 

f r e s h  specim ens o f th e  f in e -g ra in e d  ty p e s  a re  more d i f f i c u l t  to  o b ta in .

( i i i )  T rach y tes

P o rp h y r i t ic  t r a c h y te s  form an e s tim a te d  8-10 p er cen t by volume o f th e  

fo rm atio n  exposed in  th e  map a re a , o c cu rrin g  a t  o r n ear th e  to p  o f th e  

v i s i b l e  su c c e s s io n . They a re  c h a r a c te r is e d  by conspicuous rhombic pheno

c r y s ts  o f a n o r th o c la se  a lth o u g h  ap h y ric  ty p es  a ls o  occu r, fo r  example in  

th e  o u tc ro p  to  th e  w est o f T e g i t .

The flow s can be d iv id e d  in to  two g roups, a s s o c ia te d  w ith  two c e n tre s  

marked by t r a c h y te  in t r u s io n s :  th e  more n o r th e r ly  o f th e  two c e n tre s  i s  

th e  prom inent *puy* o f Chepochom. One o f th e  most prom inent

landm arks in  th e  a re a ,  t h i s  i s  a  q u a r tz - tr a c h y te  p lug  in tru d e d  in to  th e  

low er b a s a l t s  o f th e  K ap ara in a . (Q uartz  occu rs  to  th e  e x te n t o f 7-8  p e r 

cen t a s  lacu n ae  in  th e  groundmass ( 2/ 6 2 ) . )

The b lu f f  to  th e  w est o f th e  main peak i s  capped by f in e -g ra in e d  

t ra c h y te  over t r a c h y t ic  agglom erate  o f  a  t o t a l  th ic k n e ss  o f 100 f e e t .

T his i s  in t e r p r e te d  a s  a  v en t agg lom erate , p robab ly  fa u l te d  down from i t s  

o r ig in a l  p o s i t io n .

No in t r u s iv e  c o n ta c t can be dem onstrated  fo r  e i th e r  th e  main peak 

tra c h y te  o r th e  ag g lom erate , th e  f la n k s  o f th e  h i l l  being  covered by sc re e ,
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bu t th e  o v e ra l l  morphology and anomalous p o s i t io n  o f th e  ro c k , in  a d d itio n  

to  i t s  d i s t i n c t iv e  p e tro lo g y  defy  any e x p la n a tio n  o th e r  th an  in t r u s io n .

P e tro g ra p h ic a l ly  th e  Chepochom rock  can a ls o  be matched w ith  th e  

t r a c h y te s  cropping  out on th e  p la in  to  th e  west o f  Nginyang and on th e  

h i l l  Adonyasas; t h i s  group commonly c o n ta in  a  l i t t l e  q u a rtz  a s  groundmass 

la cu n a e , to g e th e r  w ith  b i o t i t e  and common h o rn b len d e . The most conspicuous 

m afic m in e ra l in  both  th e  Chepochom ro ck  and th e  flow s i s  a p a le  g reen  

'd io p s id ic  aug ite*  o c cu rrin g  a s  co rroded  p h en o cry sts  w ith  a  brownish rim .

The so u th ern  group o f t r a c h y te s  a r e ,  in  c o n t r a s t ,  e i th e r  s a tu ra te d  

ty p e s , o r u n d e rs a tu ra te d  ty p e s  w ith  a  l i t t l e  modal nep h elin e  re p re se n te d  

by tu r b id  pseudomorphs rimmed by m afics  ( 2 / l 4 6 ) . These a t t a i n  a  maximum 

th ic k n e s s  (2 , p o s s ib ly  3$ flow s) o f 300 f e e t  on Chepuromoi, where a  p o in ted  

b u t t r e s s  on th e  w este rn  fa c e  o f th e  h i l l  i s  a ls o  in te r p r e te d  a s  a  p lu g , in  

t h i s  case  much f in e r - g r a in e d  th a n  th e  Chepochom ro c k .

Form ing, a s  th e y  do, some o f th e  h ig h e s t  members o f a  deeply  eroded 

su cc e ss io n  i t  i s  d i f f i c u l t  to  e s tim a te  th e  o r ig in a l  e x te n t o f  th e se  t r a c h y te s  

bu t i t  i s  p ro b ab le  t h a t  th e  h i l l - m a s s e s  o f Ketan and Chepuromoi owe much 

o f t h e i r  r e s i s ta n c e  to  e ro s io n  to  th e  lo c a l  p resence  o f t ra c h y te  flow s 

r e la te d  to  th e  Chepuromoi p lu g . T rach y tes  a ls o  ou tcrop  e x te n s iv e ly  n ear 

th e  to p  o f th e  K aparaina su cc e ss io n  around S ib i l l o  (M artyn o p .c i t . ,  p .90) 

where th e y  a re  o v e r la in  by f u r th e r  b a s a l t s  ( t h i s  r e la t io n s h ip  cannot be 

proved in  th e  p re se n t a r e a ) , From t h e i r  o v e ra l l  sp o rad ic  occurrence i t  

i s  u n l ik e ly  th a t  th e  t r a c h y te s  o f th e  K aparaina were ever rem ote ly  com

p a ra b le  in  e x te n t to  th o se  o f th e  K abarnet F orm ation .

( iv )  S tr a t ig ra p h y  o f th e  la v a s

The la v a s  o f th e  K aparaina show a  maximum th ic k n e s s , in  observed 

s e c t io n , o f 900 f e e t  in  th e  h i l l - m a s s  o f Chepuromoi where th e  to p  300 fe e t  

com prises two th ic k  t r a c h y te  flo w s. P resence o f th e  Lukeino Member below 

t h i s  p i l e  i s  in d ic a te d  by th e  e x te n s iv e  exposures o f sed im ents in  th e  Chepkow
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R iver one m ile  to  th e  n o r th - e a s t .  The base o f th e  Lukeino Member i s  no t 

seen but e x tra p o la t in g  from th e  observed  th ic k n e s s  o f 250  f e e t  ( in c lu d in g  

Rurmoch D o le r i te )  to  th e  w est o f T eg it th e  t o t a l  th ic k n e ss  o f th e  K aparaina 

Form ation h e re  i s  no t l e s s  th an  1200 f e e t .  Martyn (o p .c i t . ,  p .86) re c o rd s  

a  maximum o f 2500  f e e t  in  th e  b a s a l t s  o f t h i s  fo rm atio n .

A re d  b a s a l t i c  agglom erate occu rs  a t  th e  base o f th e  Chepuromoi 

su cc e ss io n  and a s im i la r  rock  o u tc ro p s  e a s t  o f  K i s i t e i ,  beneath  N akipurat 

h i l l .  T h is , to g e th e r  w ith  a  th in  p u m ic e -tu ff  on Chepuromoi and f in e  

agglom erate beneath  th e  Kamuiton sc a rp  a re  th e  on ly  p y ro c la s t ic s  o f  any 

s ig n if ic a n c e  w ith in  th e  b a s a l t  su c c e ss io n .

The Chepuromoi group o f t r a c h y te s  may be t ra c e d  westwards a c ro s s  th e  

f l a t - t o p p e d  h i l l s  around Ketan to  th e  p la in  below Sumet where th e  h ig h e s t  

la v a  seen  i s  a  n o n -p o rp h y ritic  t r a c h y te  u n d e r la in  by 600 f e e t  o f b a s a l t s  

and Lukeino Member. The l a t t e r ,  d iv id ed  by th e  Rurmoch D o le r i te ,  com prises 

a t  l e a s t  h a l f  o f t h i s  th ic k n e s s  and i t  i s  ap p aren t t h a t  th e re  i s  a  con

s id e ra b le  d ecrease  i n  th ic k n e s s  o f th e  la v a s  in  t h i s  a r e a .  S im ila r ly  

sed im ents make up a t  l e a s t  one t h i r d  o f  th e  900 fo o t K aparaina su ccess io n  

to  th e  w est o f  Rurmoch; i n  t h i s  l a t t e r  a re a  th e  la v a s  a re  p o rp h y r i t ic  

'K a te li*  ty p e  and ap h y ric  b a s a l t s ,  t r a c h y te s  being  a b s e n t .  The th ic k n e ss  

o f b a s a l t  h e re  i s  th u s  com parable to  t h a t  below th e  t r a c h y te s  on Chepuromoi.

In  th e  so u th ern  h a l f  o f th e  sirea th e  f i r s t  b a s a l t  above th e  Lukeino 

Member i s  a  v e ry  f in e -g ra in e d  a p h y ric  ty p e ; a t  th e  b ig  lo o p  o f th e  Kobuluk 

R iver so u th  o f  T e g it t h i s  r e s t s  on an eroded su rfa c e  o f diatom aceous 

p a p e r -sh a le s  (se e  p . 4? ) .

Accompanying th e  ra p id  f a c ie s  change o f th e  Lukeino Beds northw ards 

from T eg it to  th e  K i s i t e i  a re a  i s  a  change in  th e  b a sa l la v a :  a t  th e  

Kamsoror w a te r f a l l  (u s u a l ly  d ry) i s  seen  alm ost th e  e n t i r e  th ic k n e ss  o f 

a  s p a r s e ly  p o rp h y r i t ic  m ugearite  ( 2/ 125 ) w ith  good * colonnade and 

e n tab la tu re*  columnar jo in t in g .  T liis ro ck  r e s t s  on th in -b ed d ed  brown t u f f s  

o f th e  Lukeino Member and a ls o  c rops ou t a s  a  low rid g e  between Chepochom
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and Kokwomur. The p e tro lo g y  o f t h i s  la v a  i s  matched .very c lo s e ly ,  bo th  by 

th in - s e c t io n  exam ination  and chem ical a n a ly s is  (P a r t  Vb), w ith  t h a t  of 

two m ugearite  dykes in  th e  K i s i t e i  gorge 1^ m iles  to  th e  n o r th - e a s t .

A d o le r i t i c  b a s a l t  ( ty p e  ( 6 ) ,  above) l i e s  above th e  Kamsoror raugearite  

and a ls o  c ro p s  out by th e  ro ad  below th e  low er b lu f f  o f Chepochom. T his 

i s  p o s s ib ly  an o th e r in t r u s iv e  u n i t  s im ila r  to  th e  Rurmoch D o le r i te  from 

which i t  d i f f e r s  i n  com pletely  la c k in g  p h e n o c ry s ts .

The base o f th e  b a s a l t s  i s  n o t i d e n t i f i e d  n o rth  o f K i s i t e i .  The 

b a s a l t s  o f th e  K a te l i  R iv er p la in s  a re  p o rp h y r i t ic  ( 'K a te l i* )  ty p e s  and 

p u rp le  ap h y ric  ty p e s , some o f th e  l a t t e r  be ing  very  am ygdalo idal, w ith  

c a l c i t e  am ygdales. On th e  e a s t  o f th e se  p la in s  occur s e v e ra l  o u tc ro p s  

o f t r a c h y te .

The b a s a l t  o c cu rrin g  below th e  Kaperyon Form ation a long th e  Chepto

pokwa R iv er on th e  n o r th e rn  boundary o f th e  a re a  resem ble th e  K aparaina 

b a s a l t s  in  a l l  r e s p e c ts  and a re  a l lo c a te d  to  th a t  fo rm ation  by th e  w r i te r .  

However, McClenaghan (Ph.D . t h e s i s  in  p re p a ra t io n )  c o n s id e rs  them to  be 

below th e  Kabarnet F orm ation . The b a s a l t s  in  th e  mouth o f th e  Mukur gorge 

c e r ta in ly  appear to  be below th e  K abarnet t r a c h y te s .  V^hile conceding th a t  

p rev io u s  w orkers in  th e  R i f t  have o f te n  confused  T e r t ia r y  b a s a l t s  o f w idely  

d i f f e r e n t  ages th e  w r i te r  would s t r e s s  th a t  t h i s  a re a  should  not be con

s id e re d  in  i s o l a t i o n ,  and c o n s id e rs  th a t  th e  s t r u c tu r a l  s y n th e s is  o f th e  

a re a  demands a  f a u l t  to  th e  e a s t  o f Mukur, downthrowing K aparaina For

m ation on th e  e a s t  a g a in s t  K abarnet Form ation on th e  w est. The argum ents 

a re  e la b o ra te d  in  P a r t I l d .

(v) A sso c ia ted  dyices

There a re  rem arkably  few dykes a s s o c ia te d  w ith  th e  ou tc ro p  o f  th e  

K aparaina b a s a l t s  in  th e  p re se n t a re a , and a l l  occur between Chepuromoi 

and K i s i t e i .

The b a s ic / in te rm e d ia te  dykes a re  a l l  a lig n e d  NW-SE o r NNW-SSE, which 

i s  a ls o  th e  tr e n d  o f some minor f a u l t s  in  th e  a r e a .  There i s  l i t t l e
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p o s i t iv e  ev idence to  connect them w ith  th e  K aparaina b a s a l t s ,  but s in ce  

th e  two raugearite  dykes o f K i s i t e i  a re  chem ica lly  i d e n t i c a l  to  th e  b a sa l 

m ugearite  flow  o f th e  K aparaina a t  Kamsoror (25899?) th e  a s s o c ia t io n  o f 

th e  o th e r ,  more b a s ic ,  dykes on th e  same tre n d  w ith  th e  fo rm ation  seems 

l i k e l y .  With th e  excep tio n  o f a  h a w a iite  dyke, a ls o  n ea r Kamsoror, th e  

rem ain ing  b a s ic  dykes a re  a l l  b a s a l t i c  and u s u a lly  deep ly  w eathered . A 

prom inent fe ld s p a rp h y ric  b a s a l t  dyke c u t t in g  K abarnet sed im ents a t  

C heparain  (2284) may have been connected  w ith  th e  fe ld sp a rp h y r ic  Rurmoch 

D o le r i te .

Thick t r a c h y te  dykes occur on Chepuromoi, two a lig n e d  E-W and a  t h i r d ,  

in  th e  Kobuluk R iv e r, tre n d in g  NNW. The l a t t e r  i s  a  q u a r to - r ic h  tr a c h y te ,  

q u a r tz  o c c u rrin g  a s  su b h ed ra l m ic ro p h en o cry sts , t o t a l l i n g  15/3 o f th e  ro ck .

A rem arkable p h o n o li t ic  type  rock  (2 /115 ) c rops out in  th e  Kobuluk 

R iver on th e  same NITW tre n d  a s  th e  b a s ic  dykes. In  th in  s e c t io n  i t  i s  

seen  to  be composed o f a  dark  brown g la s s y  v e s ic u la r  m a trix  w ith  common 

la rg e  euhedro l p h en o cry sts  o f ?n ep h e lin e  re p la c e d  by c le a r  a n a l c i t e .  No 

com parable rock  was seen  anywhere e ls e  in  th e  a re a .

5 . Kaperyon Form ation

( i )  Sedim ents

A fo rm ation  o f dom inantly  p y ro c la s t ic  sed im en ts , w ell-bedded  and 

w a te r - la id  in  th e  so u th -w est, w ith  d ia to m ite s , becoming m assive and sub

a e r i a l  to  th e  n o r th - e a s t .  Maclnnes ( in  Fuchs 1950, p .l6 3 )  saw th e  

Kaperyon o u tc ro p  n ea r Mpesida and reco rd ed  i t  a s  ' Kamasia la k e  b e d s '.

There i s  a ls o  a  re fe re n c e  ( o p .c i t . ,  p .l6 4 )  to  what may be Chemolingot 

h i l l ,  which i s  composed o f Kaperyon Form ation capped by Ribon T rach y te .

The ty p e  s e c t io n  ( f i g .  20) i s  on th e  prom inent mesa o f Chesoton to  

th e  west o f th e  Kokwomur t r a c h y te  m ass. H ere, 480 f e e t  o f sed im ents, 

in c lu d in g  th re e  th in  b a s a l t s ,  was measured above th e  w eathered b a s a l t ic  

d e t r i t u s  o f th e  u n d e rly in g  Lukeino Member.
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The base o f th e  Kaperyon i s  u s u a lly  a  d isco n fo rm ity . a t  Chesoton 

i t  o v e rs te p s  th e  b a s a l t s  o f th e  K aparaina on to  th e  Lukeino Member o f  th a t  

fo rm ation ; in  th e  Mukur a re a  i t  r e s t s  on K abarnet t r a c h y te ,  and a t  Mpesida 

i t  r e s t s  w ith  apprirent con fo rm ity  on th e  sed im ents o f th e  PCabarnet For

m ation . I t  would seem th a t  c o n s id e ra b le  movement and subsequent e ro s io n  

o ccu rred  on th e  l i n e  of f a u l t - a r c h e s  a f t e r  th e  K aparaina la v a s  and b e fo re  

d e p o s it io n  o f th e  Kaperyon*

V/liere th e  base o f th e  fo rm atio n  l i e s  on b a s a l t  th e re  i s  o f te n  a  t r a n 

s i t i o n  from s l i g h t l y  w eathered b a s a l t  th rough  *in s itu *  b a s a l t  d e b r is  to  

rew orked and bedded b a s a l t  w eathering  p ro d u c ts , making th e  base o f th e  

fo rm atio n  d i f f i c u l t  to  d e f in e  a c c u ra te ly *  On th e  o th e r  hand where th e  

b a sa l Kaperyon r e s t s  on t r a c h y te  o r sed im ents th e re  i s  a  c h a r a c te r i s t i c  b a sa l 

su cc e ss io n  marked by a  re d -p u rp le  e a r th -b e d , c ro ss-bedded  g re e n ish  t u f f  

and th in  d ia to m ite s  ( f ig s *  2 1 ,2 2 ) . In  a d d it io n  to  th e se  l i th o lo g i e s  th e re  

i s ,  a t  th e  Mpesida r i v e r  l o c a l i t i e s ,  a  v e ry  th in  (ÿ O  o s tra c o d  lim esto n e  

( 2/ 27 ) 5—20 f e e t  above th e  base (depending on p e r s is te n c e  o f th e  o th e r  

b a sa l b e d s )* At th e  Mpesida K abarnet sed im ents type  l o c a l i t y  i t  may be 

lo c a te d  alm ost im m ediately  below th e  lo w est th in  d o le r i t e  s i l l  ( f ig *  2 l)*

L ith o lo g ie s  i n  th e  Chesoton s e c t io n  a re  d iv id ed  among * d ia to m ite s* , 

th in  w a te r - la id  b a s a l t i c  t u f f s  and co arse  l a p i l l i - t u f f s ,  g iv in g  a  p re 

dom inantly  g rey  and w hite  a sp e c t to  th e  succession*  The most prom inent 

h o rizo n  i s  a  15 fo o t th ic k  l a p i l l i - t u f f ,  w ith  b a s a l t i c  l a p i l l i  and 

s c o r ia  up to  1 in c h  a c ro s s ,  which forms a  prom inent v e r t i c a l  c l i f f  around 

th e  h i l l s id e *  T h is  bed i s  r e f e r r e d  to  a s  th e  Chesoton l a p i l l i - t u f f ;  i t  

i s  a  good mapping h o riz o n  and may e a s i ly  be tr a c e d  in  th e  Kaperyon a re a  to  

th e  e a s t  where i t  d em o nstra tes  th e  most s t r ik in g  fe a tu re  o f th e  Kaperyon 

Form ation , namely th e  change i n  f a c ie s  to  th e  n o r th - e a s t  ( f ig *  2 5 ) . At 

Likwen th e  Chesoton l a p i l l i - t u f f  o v e r l ie s  th ic k  (b u t very  d is tu rb e d )  

d ia to m ite s , a s  i n  th e  Chesoton s e c t io n , but i s  o v e r la in  by a f u r th e r  

th ic k n e ss  ( 6 O-8O f e e t )  o f bedded p u m ic e -tu ff , which l i th o lo g y  a ls o  becomes
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predom inant below th e  l a p i l l i - t u f f  a s  th e  l a t t e r  i s  fo llow ed  northw ards*

In  a d d it io n  th e  l i th o lo g y  o f  th e  l a p i l l i - t u f f  i t s e l f  a l t e r s  no rthw ards, 

th e  volume o f b a s a l t i c  c l a s t s  being  g ra d u a lly  augmented by pumice and 

s a n id in e  c ry s ta ls *

The so u th e rn , o r C hesoton, f a c ie s  p e r s i s t s  everywhere a s  th e  b a sa l 

f a c ie s  o f th e  Kaperyon, even though, a s  below th e  n o rth e rn  spu r o f Ribon, 

i t  may on ly  be re p re se n te d  by a s in g le  d ia to m ite  bed . In  th e  Ribon a re a  

th e  b a sa l  d ia to m i te /b a s a l t ic  t u f f  f a c ie s  av erag es  2 to  20  f e e t  in  th ic k 

n e ss , th e  diatom aceous beds o f te n  th o ro u g h ly  s i l i c i f i e d  to  

ta b u la r  c h e r t ,  and i s  o v e r la in  by up to  300 f e e t  o f co arse  poorly-bedded  

yellow  p u m ic e -tu ff , composed o f f ib ro u s  pumice l a p i l l i  averag in g  ^  in ch  

in  d iam e te r. In  th e  h ead -s tream s o f th e  K a te l i  R iv er bands o f s c o r ia  

and la v a  b lo ck s  up to  2 in c h e s  in  d iam eter occur in  th e  pumiceous f a c ie s ,  

and a re  ag a in  seen , w idely  s c a t te r e d ,  i n  th e  t u f f s  below th e  Katokomta 

welded t u f f  to  th e  eas t*  However in  th e  most n o r th - e a s te r ly  o u t l i e r  o f 

th e  Kaperyon, on Chem olingot mesa, la rg e  la v a  b lo ck s  o f b a s a l t  and t u f f ,  

i n  a  pumiceous m a trix , make up 5  to  10  p e r cen t o f th e  3^0 fo o t su cc e ss io n  

exposed below th e  t r a c h y te  o f th e  summit*

S i l i c i f i c a t i o n ,  a s  n o ted  above, i s  a  f e a tu re  o f th e  Kaperyon sedim ents 

and a p a r t  from th e  common w h itish  c h e r t  o f th e  Ribon a re a ,  o o l i t i c  and 

p i s o l i t i c  c h e r ts  occur in  th e  upper p a r t  o f th e  su cc e ss io n  on th e  Ivaperyon 

p la in ;  th e re  a ls o  occur th in  lim esto n e  beds a p p a re n tly  o f d ia g e n e tic  

o r ig in ,  re p re s e n tin g  rep lacem ent o f pumice by c a l c i t e ,  o f te n  ivith  r e l i c t  

f e ld s p a r  c r y s ta l s  ( 2/ l Q l ,  2/ 169 ) • At l e a s t  200  f e e t  o f w a te r - la id  

p u m ic e -tu ffs  o v e r l ie  th e  Chesoton l a p i l l i - t u f f  i n  th e  Kaperyon p la in s  and 

th e  t o t a l  th ic k n e ss  in  t h i s  a re a  i s  th u s  no t l e s s  th a n  680  fe e t*

The b a s in  o f d e p o s it io n  o f th e  Kaperyon i s  in te r p r e te d  a s  having 

re c e iv e d  c l a s t i c  m a te r ia l  from both  an a re a  o f p e r s i s te n t  b a s a l t i c  

a c t i v i t y  to  th e  sou th  and from ex p lo siv e  t r a c h y t ic  so u rces  in  th e  n o r th ; 

th e  b a s a l t i c  t u f f s  a re  o f te n  ve ry  th in ly  bedded and w ell graded in  f in in g -
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upward u n i t s  o f on ly  -J in ch  th ic k n e s s  ( 2/ 161 ) in d ic a t in g  in te r m i t te n t ,  

though m ild , f a l l - o u t  from b a s a l t i c  a sh -c lo u d s . T h is  ex p lo siv e  a c t i v i t y  was 

p robab ly  th e  fo re ru n n e r to  th e  succeed ing  e x tru s io n  o f b a s a l t i c  la v a s .

In  a d d it io n  a u th ig e n ic  d ia to m ite s  make up a  maximum o f 40-4^ per c en t o f 

th e  fo rm ation  in  th e  so u th -w e s t. To th e  n o r th  and n o r th - e a s t ,  however, 

v io le n t ly  e x p lo siv e  t r a c h y te  a c t i v i t y  predom inated , alm ost c e r ta in ly  in  th e  

a re a  o f th e  Ribkwo v o lc a n ic  complex, and c o n tr ib u te d  th e  pumiceous com

ponent and la rg e  b lo c k s . The b a s a l t  b lo ck s  o f Chemolingot a re  reg arded  

a s  th e  r e s u l t  o f th e  e a r ly  Kibkv/o gaseous a c t i v i t y  b la s t in g  th rough th e  

dem onstrab le  b a s a l t i c  su b stra tu m  o f  t h a t  v o lcan o .

Although in  th e  west and n o r th  th ic k n e s s e s  o f th e  Ivaperyon a re  ev ery - 

v/here com parable, a  sudden th in n in g  o ccu rs  due e a s t  from C hesoton. N orth

e a s t  o f Chepochom th e  Kaperyon th in s  from over 400 f e e t  to  only 10 f e e t  o f 

bedded p u m ic e -tu ffs  exposed between th e  K aparaina b a s a l t s  and o v e rly in g  

Katokomta welded t u f f  (= Ribon T ra c h y te ) . I t  would seem th a t  e i th e r  r e l i c t  

r e l i e f  o r co n tin u ed  u p l i f t  on th e  f a u l t - a r c h  b e l t  r e s t r i c t e d  d e p o s it io n  in  

t h i s  a re a  ( f i g .  23)» A t in y  o u t l i e r  o f d ia to m ite  to  th e  e a s t  o f Kariatom , 

i f  c o r r e c t ly  a s c r ib e d  to  th e  Kaperyon, marks th e  most w e s te r ly  occurrence 

o f th e  so u th ern  f a c i e s .

N o rth '/a rd s from th e  p re se n t a re a , th e  Kaperyon Form ation in t e r d i g i -  

t a t e s  w ith , o r  i s  o v e r la in  by, th e  Ribkwo tr a c h y te  (McClenaghan, Ph.D. th e s i s  

in  p r e p a r a t io n ) . The blocky t u f f s  o f Chem olingot th in  ra p id ly  between 

two t r a c h y te s ;  n o r th  o f th e  Kaperyon p la in  th e  sedim ents a re  o v e r la in  by a 

tra c h y te  which h as  formed an e x te n s iv e  la n d s lip p e d  a re a . Here th e  sedim ents 

a re  more e p i c l a s t i c  in  n a tu re  and McClenaghan h as  found in  them th e  only  

v e r te b ra te  f o s s i l s  so f a r  known from th e  Kaperyon Form ation ,

( i i )  B a sa lts

On Chesoton th e  Kaperyon i s  bo th  u n d e r la in  and o v e r la in  by o l iv in e -  

b a s a l ts ,  a p p a re n tly  conform able w ith  th e  sed im en ts . The b a sa l b a s a l t  and 

the  low er o f th e  two capping  b a s a l t s  a re  d i s t in c t iv e  having  la rg e  numbers
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o f f r e s h  o l iv in e  p h en o cry sts  (2 /1 6 3 , 2 /174) and in  t h i s  r e s p e c t  d i f f e r  

m arkedly from bo th  th e  K aparaina b a s a l t s  and th e  L okw ale ib it b a s a l t s .  The 

summit b a s a l t  o f C hesoton, form ing a  prom inent k n o ll  on th e  p la te a u  su r fa c e , 

i s  a  f in e -g ra in e d  ap h y ric  ty p e .

A part from a  v e ry  sm all o u tc ro p  ( 258031) west of Mpesida and a medium- 

g ra in e d  la v a , o r s i l l ,  i n  th e  west on th e  K ip to is a ro r r  R iv e r, no b a s a l t s  

a re  seen  in  th e  Kaperyon p la in  i t s e l f  and th e  lo c a l  p resence  of th e se  la v a s  

capping  th e  s o f t  sed im en ts i s  a lm ost c e r ta in ly  th e  cause o f th e  Chesoton 

o u t l i e r .

The capping  b a s a l t s  may be th e  most so u th -w e s te r ly  r e p re s e n ta t iv e s  o f 

th e  L o k w ale ib it b a s a l t s  ( q .v . )  bu t th e  p e tro lo g ic  s im i la r i ty  of th e  b a sa l 

b a s a l t  and capping  o l iv in e -p h y r ic  b a s a l t s  and obvious concordance o f th e  

la v a s  w ith  th e  sed im ents in d ic a te s  th a t  th ey  a re  more in t im a te ly  a s s o c ia te d  

w ith  th e  Kaperyon th an  w ith  th e  younger L o k w ale ib it flow s which p o s t-d a te  

th e  Ribon T rach y te .

Environment

The s ig n i f ic a n t  f e a tu r e s  o f th e  Kaperyon sedim ents a re  th e  evidence fo r  

t ru e  la c u s t r in e  c o n d itio n s  (d ia to m ite s  and o s tra c o d  bands) and predominance 

o f p y ro c la s t ic  m a te r ia l .  Evidence o f f l u v i a t i l e  c o n d itio n s , a  f e a tu re  o f 

th e  o ld e r  fo rm a tio n s , i s  ab se n t and i t  seems th a t  a t  t h i s  tim e th e  b a s in  

o f sub-aqueous d e p o s it io n  was cu t o f f  by both  te c to n ic  and v o lcan ic  a c t i v i t y  

from th e  main l i n e  o f r i f t - f l o o r  d ra in a g e .

Movement on th e  K ito  Pass and Sumet f a u l t s  h as a f fe c te d  th e  Kaperyon 

Form ation; th e re  i s  a  g e n e ra l absence o f piedmont d e t r i tu s  in  th e  w estern  

ou tcrop  o f th e se  sed im en ts , w ith  th e  so le  observed ex cep tio n  o f a  bed o f 

t r a c h y t ic  co bb les  c lo se  to  th e  fa u lt-d ra g g e d  tr a c h y te  in  th e  sca rp  below 

K abarsero ( f i g .  32)» Thus, a lth o u g h  th e  Sumet and K ito  Pass f a u l t - s c a r p s ,  

in  a much subdued form, may have d e lim ite d  th e  b a s in  o f d e p o s it io n , th ey  

c o n tr ib u te d  l i t t l e  to  th e  Kaperyon d e p o s it io n , and th e  p re se n t sca rp s  

a re  la rg e ly  due to  post-K aperyon movement.
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( i i i )  Yepkarat D o le r i te  S i l l

T h is in t r u s iv e  u n i t  has an e x ten s iv e  ou tc ro p  w ith in  th a t  o f th e  Kaperyon 

F orm ation , I t  in v a r ia b ly  occu rs  n ea r th e  base o f th e  sedim ents and can th u s  

be co n sid e red  a s  an in t e g r a l  p a r t  o f th e  Kaperyon s t r a t ig r a p h y .

In  hand-specim en th e  rock  i s  d i s t i n c t l y  c o a rse r  th an  th e  average b a s a l t  

w ith  r a r e  f e ld s p a r  p h en o cry sts  and w hite  am ygdales. The abundant o liv in e  

i s  a ls o  seen  in  th e  hand-specim en and a l t e r e d  z e o l i t e s  sometimes speck le  

th e  ro c k .

The s i l l  a t t a i n s  i t s  maximum observed  th ic k n e ss  o f ^0 f e e t  a t  Yepkarat 

( 218078 ) .  Here i t  i s  u n d e r la in  by lam in a ted  * d ia tu f f s ’ , ty p ic a l  o f th e  

low er Kaperyon, and o v e r la in  by co arse  pumice t u f f s .  The f in e -g ra in e d  low er 

m argin o f th e  d o le r i t e  h as  in c o rp o ra te d  fragm ents o f baked *d i a t u f f ,  and 

th e  no rm ally  y e llo w ish  t u f f s  a t  th e  upper m argin have been a l t e r e d  to  a  

re d d ish  c o lo u r . The upper m argin i s  a ls o  f in e r - g ra in e d  and has a  v e ry  sharp  

c o n ta c t w ith  th e  t u f f s ,  w ith  none o f th e  v e s ic u la r i ty ,  b re c c ia t io n  and 

w eathering  a s s o c ia te d  w ith  flo w s . At Y epkarat a narrow more deeply  eroded 

zone in  th e  c e n tre  o f th e  s i l l  ap p ears  to  d iv id e  i t  in to  upper and lower 

u n i t s .  The on ly  obvious d if f e r e n c e  between th e  two p a r t s  i s  th a t  sm all 

f e ld s p a r  p h en o cry sts  a re  s l i g h t l y  more common in  th e  upper p a r t .

In  th e  so u th e rn  p a r t  o f i t s  o u tc ro p  th e  s i l l  i s  po o rly  exposed but 

only  th e  f in e -g ra in e d  f a c ie s  occu rs  su g g es tin g  th a t  th e  u n i t  i s  th in  in  

t h i s  a re a  ( th e  broad  o u tc ro p  on th e  map i s  la r g e ly  th e  r e s u l t  o f th e  very  

low a n g les  o f d ip ) .  The i s o la te d  ova l o u tc ro p , b is e c te d  by th e  K ip to is a ro r r  

R iv e r, i s  o f a  s im i la r  l i th o lo g y  to  th e  ty p e -Y ep k ara t. I t  occurs sim ply 

as  a capping to  a  low mesa and i t s  r e la t io n s h ip  to  th e  main Yepkarat ou t

crop i s  n o t known.

The s i l l ,  sometimes s p l i t  in to  two o r more se p a ra te  u n i t s ,  occurs 

e x te n s iv e ly  n ea r th e  base o f th e  Kaperyon where i t  i s  p reserv ed  beneath  

the Ribon T ra c h y te . I t  i s  seldom more th an  10 f e e t  th ic k  in  t h i s  a re a  and 

i s  o f te n  deep ly  w eathered  and f r i a b l e  th roughou t i t s  th ic k n e s s . Although



60

th e  in t r u s iv e  o r ig in  o f th e  u n i t  can be in f e r r e d  in  th e  ty p e -s e c tio n  by 

th e  n a tu re  o f th e  upper and low er c o n ta c ts  i t  was on ly  in  one exposure on 

th e  n o rth -w es t s id e  o f Ribon th a t  i t  cou ld  be seen to  have a  lo c a l  t r a n s -  

g re s s iv e  r e la t io n s h ip  to  th e  sed im ents ( 282092) ( f i g .  2 2 ) .

On th e  low ground to  The n o rth  o f Ribon th e  d o le r i t e  i s  v e ry  deeply  

w eathered  and was in  f a c t  o r ig in a l ly  mapped a s  a  p y r o c la s t i c .  However 

some ex cav a tio n  re v e a ls  s p h e ro id a l co re s  o f more o r l e s s  s o l id  d o le r i t e  

in  th e  decomposed m a te r ia l .

The s i l l  a ls o  occurs a s  two th in  u n i t s  n ea r th e  base o f th e  Kaperyon 

a t  Mukur ( f i g .  2 l ) ,  and numerous v e ry  t h in  (50 mm.) s i l l s  and connecting  

dykes a re  seen  in  th e  t u f f s  between Motimyput and th e  main Ribon T rach y te .

The d o le r i t e  o u tc ro p  does no t co n tin u e  very  f a r  n o rth  o f th e  n o rth e rn  

boundary o f th e  map. The emplacement o f th e  Y epkarat D o le r i te  must have 

p receded  th e  p re-R ibon  f a u l t in g  o f th e  Kaperyon s in ce  i t  has o b v iously  been 

f a u l te d  and t i l t e d  w ith  th e  l a t t e r  fo rm atio n , and was c o n sid e ra b ly  eroded 

b e fo re  th e  e x tru s io n  o f th e  Ribon T rach y te .

The two d o le r i t e  s i l l s  in  th e  p re se n t a re a  and th a t  d e sc rib e d  by 

P a tte rs o n  e t  a l .  (1970, p .919) from Lothagam appear to  be th e  f i r s t  sub

s t a n t i a l  b a s ic  s i l l s  reco rd ed  from th e  E ast A frican  T e r t i a r y .  In  f a c t ,  b a s ic  

s i l l s  a re  p robab ly  much more abundant th an  t h i s  su g g e s ts , bu t a re  d i f f i c u l t  

to  re c o g n ise  in  th e  p redom inan tly  v o lc an ic  sequence.

( iv )  Dykes

The few b a s a l t i c  dykes which in tru d e  th e  Kaperyon Form ation occur to  

th e  n o r th  and west o f R ibon, and have a  n o r th -so u th  t r e n d . Two sm all 

dykes on th e  same tr e n d  cu t th e  K aparaina b a s a l t s  and t r a c h y te s  o f Adonyasas 

and may be o f post-K aperyon ag e .

A ll  th e  dykes a re  a p h y ric , f in e ly  v e s ic u la r  and deeply  w eathered .

None i s  more th a n  2 f e e t  th i c k .
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( d) V olcanic ^roup IV -  P lio -P le is to c e n e  t r a c h y te  group

1 . Ribon T rachyte

In  th e  n o r th - e a s t  co rn e r o f th e  a re a  a re  s e v e ra l  o u t l i e r s  o f a  d is se c 

te d  t r a c h y te  flow  a s s o c ia te d  w ith  th e  Ribkwo v o lc an ic  complex ( t r a c h y te s  

and p h o n o li t ic  t r a c h y te s ) •

The rock  i s  a  m icrophyric  s o d a - tra c h y te , m icrophenocrysts  o f san id in e  

being  s e t  in  a groundmass of s a n id in e , a e g i r in e ,  a en ig m atite  and ty p ic a l  

p o i k i l i t i c  mossy a r fv e d s o n i te .  I t  i s  dark  g reen , when f r e s h ,  and f i s s i l e .  

The la r g e s t  rem ain ing  o u t l i e r  forms th e  p la te a u  o f Ribon (R ir ib o n ); 

th e  t r a c h y te  i s  in f e r r e d  to  r e s t  unconform ably on th e  K abarnet t r a c h y te s  

and sed im en ts o f Mukur and th e  Mpesida a re a  in  th e  n o rth  and sou th  re sp ec 

t i v e ly  but where th e  base i s  seen , e .g .  on th e  n o r th -e a s te rn  spur ( th e  

'e lb o w '* )  th e  la v a  l i e s  more o r l e s s  conform ably on th e  Kaperyon Form ation; 

however, i n  a  stream  s e c tio n  on th e  n o r th e rn  edge o f th e  p la te a u  th e  base 

o f th e  t r a c h y te  i s  seen  d ip p in g  a t  45° to  th e  sou th -w est c u t t in g  a c ro ss  

h o r iz o n ta l  bedded t u f f s .  T his i s  tak en  to  in d ic a te  some in c is io n  o f th e  

'3700  fo o t s u r fa c e ' (s e e  P a r t  I l l b )  b e fo re  th e  e x tru s io n  of th e  t r a c h y te .

In  th e  v a l le y  between th e  Elbow and th e  main p la te a u  th e  e a s te rn  s id e  

i s  in  Kaperyon Form ation capped by tr a c h y te  but th e  o p p o site  s id e  o f th e  

v a l le y  i s  in  t r a c h y te  ( th e  'H oney-rock t r a c h y t e ') .  A zone o f b re c c ia te d  

tra c h y te  s e p a ra te s  f in e -g ra in e d  co lu m n ar-Jo in ted  tra c h y te  from th e  sed im ents, 

which in c lu d e s  lam in a ted  'd i a t u f f s ' ,  d ip p in g  s te e p ly  (40°) away from th e  

c o n ta c t .  I t  was a t  f i r s t  b e lie v e d  th a t  t h i s  t r a c h y te  was u p -fa u lte d  

Kabarnet Form ation co n tin u in g  from th e  K i s i t e i  mass, but p e tro lo g y , th e  

columnar jo in t in g  ty p ic a l  o f R ibon, and p h o to g eo lo g ica l evidence of th e  

co lo u r o f th e  o u tc ro p  show i t s  t r u e  a f f i n i t i e s  to  be w ith  th e  Ribon 

T rach y te . I t  i s  assumed to  be a dow n-fau lted  b lock  o f th e  l a t t e r  (see  

f i g .  2 4 ), bu t th e  b re c c ia s  and eas tw ard -d ip p in g  sedim ents rem ain r a th e r  

p u zz lin g .

* The lo c a l  name o f t h i s  r id g e  means ' t h e  e lb o w '.
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The base  o f th e  tr a c h y te  i s  a t  36OO-37OO f e e t  in  th e  n o rth  f a l l i n g  to  

3300  f e e t  in  th e  sou th  and so u th -w est ( f i g .  24) bu t a s  n o ted , t ra c h y te  i s  

seen  much low er a t  3300 f e e t  in  th e  Honey Rock. A sm all f a u l t  s e p a ra te s  

th e  Elbow from th e  main p la te a u  but w est o f t h i s  th e re  h as been l i t t l e  o r 

no te c to n ic  d is tu rb a n c e  s in c e  th e  la v a  was ex tru d ed . That th e  le v e l  su rfa ce  

o f th e  p la te a u  in  t h i s  a re a  i s  a t  about 4CX)0 f e e t  i s  e n t i r e ly  f o r tu i to u s  

and has n o th in g  to  do w ith  th e  '4000 fo o t sum m it-level* reco g n ised  e ls e 

where (p a r t  I l l b ) .  C l i f f s  in  tr a c h y te  n e a r ly  200 fe e t  h ig h  occur in  th e  

n o rth  but th e  maximum th ic k n e s s  o f  th e  flow  i s  n e a re r  400 f e e t  ( f i g .  2 4 ).

The most rem arkable  fe a tu re  o f  th e  p la te a u  su rfa c e  i s  a  s e r ie s  o f 

su b -c o n c e n tr ic  r id g e s  in  th e  so u th e rn  and w estern  a re a , deep ly  e tched  out 

by stream  e ro s io n . T h is  p a t te r n  i s  th e  ex p re ss io n  o f a  s tro n g  f i s s i l i t y  

which in  th e se  a re a s  d ip s  a t  70° tow ards th e  m argin o f  th e  o u tc ro p . T his 

f e a tu r e ,  by analogy  w ith  Q u aternary  t r a c h y te  flow s elsew here in  th e  R i f t ,  i s  

in te r p r e te d  a s  a  flow  phenomenon showing th a t  th e  la v a  o r ig in a te d  on, or 

to  th e  n o r th  o f ,  th e  p re s e n t p la te a u ;  th e  r e l a t i v e l y  un-eroded  so u th ern  and 

w estern  m arg ins, c lo s e ly  p a r a l le l e d  by th e  f i s s i l i t y ,  alm ost c e r ta in ly  mark 

th e  f u r th e s t  e x te n t of th e  flow . In  th e  n o r th , by c o n tr a s t ,  th e  Cheptopokwa 

r iv e r  and ( to  th e  n o rth  o f th e  map) th e  Chepanda r i v e r  have removed la rg e  

a re a s  o f t r a c h y te  and Kaperyon Form ation , le a v in g  s te e p -s id e d  o u t l i e r s  which 

a re  v e ry  s u s c e p tib le  to  la n d s l ip p in g  o f th e  'r o t a t i o n a l  s lip *  ty p e . Thus 

on th e  n o rth  and e a s t  m argins o f Ribon v e r t i c a l  t ra c h y te  c l i f f s  overlook 

a s e r i e s  o f p a r a l l e l  s l ip - c u e s ta s  composed o f la v a  and u n d e rly in g  sed im ents, 

producing  to p o g rap h ic  and g eo lo g ic  chaos (P a r t  I I I c ) .

An e lo n g a te  o u t l i e r  on th e  n o rth e rn  margin o f th e  map i s  a t  th e  same 

le v e l  a s  R ibon, a s  i s  a ls o  a  la rg e  mesa* to  th e  n o rth -w es t, e n t i r e ly  

surrounded by a wide zone o f s l ip - c u e s ta s  (McClenaghan, Ph.D. th e s i s  in  

p re p a ra t io n ) .

To th e  n o r th - e a s t  o f th e  main p la te a u  th e  mesa o f Chemolingot and

A s in g u la r ly  s u i ta b le  word s in ce  i t  i s  a lso  used in  Sw ah ili fo r  
' t a b l e * .
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th e  low escarpm ent o f K a tu it a re  th e  eroded rem nants o f a  dow n-fau lted  and 

w e s tw a rd - ti l te d  s t r i p  o f Ribon T rach y te . Both th e se  ou tc ro p s  show good 

columnar jo in t in g  o f th e  low er p a r t  o f th e  la v a  o v e r la in  by a  s t r u c tu r e le s s  

p o r tio n  and a t  Chemolingot th e  base o f th e  la v a  and c o n tac t w ith  u n d erly in g  

blocky t u f f s  o f th e  Kaperyon can be examined in  d e t a i l .

The low est fev; f e e t  o f th e  K a tu it o u t l i e r  h as  a e u ta x i t ic  m icro

c r y s t a l l i n e  te x tu re  which g rad es  upwards in to  normal homogenous t ra c h y te  

l a v a ,  '//here th e  su cc e ss io n  i s  ag a in  seen h a l f  a m ile to  th e  sou th  in  th e  

K a te l i  R iv er th e  e u ta x i t i c  rock  ( th e  'Katokom ta ig n ir a b r i te ')  and th e  under

ly in g  p u m ico -tu ffs  a re  id e n t i c a l  to  th o se  below th e  tra c h y te  of K a tu it but 

th e  la v a  i t s e l f  i s  a b se n t, th e  ig n im b r ite  being  o v e r la in  d i r e c t ly  by 

L o k w ale ib it o l iv in e - b a s a l t s .  The ig n im b r ite ,  a lth o u g h  only  2^ f e e t  th ic k ,  

can be tr a c e d  southw ards a s  f a r  a s  th e  l a t i t u d e  o f Chepochom where th e  

whole Kaperyon sequence i s  reduced  to  10 f e e t  between th e  K aparaina and 

L okw ale ib it b a s a l t s .  I t  can be tr a c e d  northw ards from K a tu it and Chemo

l in g o t  fo r  3 j  m ile s  (McClenaghan o p . c i t . ) ;  i t  ap p ears  th a t  homogenous 

tr a c h y te  and th e  ig n im b r ite  a re  in  t h i s  case  th e  r e s u l t s  o f th e  same e ru p tiv e  

e v en t, th e  more m obile ig n im b r ite  u n i t  t r a v e l l i n g  w ell beyond th e  l im i t s  of 

th e  la v a .  Compound u n i t s  o f t h i s  ty p e  have been d e sc rib ed  by McCall from 

Menengai (McCall 1964, p . l l 8 8 ) .

The L o k w ale ib it B a s a l ts ,  m entioned above, occur on th e  so u th -e a s te rn  

margin o f Ribon capping  Kaperyon Form ation a t  th e  same le v e l  a s  th e  Ribon 

T rachyte  and w ith in  th e  same s t r u c tu r a l  b lo ck , i . e .  no in te rv e n in g  f a u l t s .

The e x p la n a tio n  i s  though t to  be th a t  th e  th in  m obile b a s a l t  flow s flowed 

around th e  m argins o f th e  th ic k  tr a c h y te  flow  and in  t h i s  p a r t  o f th e  

su ccess io n  th e  two la v a s  a re  th u s  m utua lly  e x c lu s iv e . I t  can be seen, 

th e re fo re ,  th a t  th e  so u th ern  l im i t  o f th e  t r a c h y te  can be con tinued  to  th e  

n o r th -e a s t  by a  l i n e  s e p a ra tin g  R ibon, th e  Elbow and K a tu it from th e  ou tcrops 

of L o k w ale ib it B a s a lts  to  th e  s o u th -e a s t  ( f i g .  2 3 ) .

The source  o f th e  Ribon T rachyte  may be th e  t ra c h y te  plug a t  M arsap it,
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m iles  due n o rth  o f Ribon n ea r th e  K ito  Pass road  (McClenaghan o p . c i t . ) .  

Lava e ru p ted  from a source  in  t h i s  p o s i t io n  would n a tu r a l ly  flow  sou th  down 

th e  g e n tly -s lo p in g  f la n k s  o f th e  Ribkwo t r a c h y t ic  p i l e .  A ll th e  Ribon 

T rachy te  o u t l i e r s  a re  to  th e  so u th  o f M arsap it and th e re  i s  p e tro lo g ic  

s im i la r i ty  a lth o u g h  in  th e  lo c a l  c o n tex t th e re  i s  no t s tro n g  evidence 

e i th e r  way.

Tlie Ribon T rachy te  and Katokomta ig n im b r ite  re p re se n t th e  most so u th e r ly  

m a n ife s ta tio n  o f th e  t r a c h y t ic  e ru p tio n s  o f th e  Ribkwo a r e a .  In  p a r t i c u la r  

th e  southw ard e x te n s io n  o f th e  ig n im b r ite  a llo w s some c o r r e la t io n  o f 

Ribkwo ev en ts  w ith  th e  su cc e ss io n  f u r th e r  so u th .

A re c e n t is o to p ic  (K-Ar) age d e te rm in a tio n  (S n e ll in g , unpublished) 

g iv e s  th e  age o f th e  Ribon T rachy te  a s  3*7 1 0 .2  m .y. T h is i s  in  complete 

acco rd  w ith  th e  g e o lo g ic a l ev idence and o th e r  age d e te rm in a tio n s  in  th e  

a re a  (P a r t  I f ) .  However a n o th e r d e te rm in a tio n , fo r  th e  Chemolingot la v a , 

g iv e s  an age o f 4 .9  1 0 .2  m .y. which i s  u n accep tab le  i f  th a t  t ra c h y te  i s  

to  be c o r r e la te d  w ith  th e  Ribon t r a c h y te .  The w r i te r  i s  in c l in e d  to  g ive 

more credence to  th e  younger age, n o t on ly  on s t r a t ig r a p h ie  grounds but 

a ls o  because some d i f f i c u l t y  was exp erien ced  in  o b ta in in g  an unweathered 

specim en o f th e  Chem olingot ro c k , w hereas th e  Ribon specimen i s  extrem ely  

f r e s h .

2 . L o k w ale ib it B a s a lts

A fo rm atio n  o f b a s a l t s  named by McClenaghan ( o p . c i t . )  from th e  

L okw ale ib it R iv er a re a  where th ey  a re  seen  to  l i e  on, and a re  fa u l te d  w ith , 

th e  t r a c h y te s  o f th e  Ribkwo p i l e .

To th e  e a s t  and s o u th -e a s t  o f th e  Ribon T rachyte  th e  Kaperyon Form ation 

i s  capped by th in  o l iv in e - b a s a l t  flow s which in c re a s e  in  number and th ic k 

ness e a s tw a rd s . The bas,a l t s  a re  o f two ty p e s : a  f in e -g ra in e d  o l iv in e -  

b a s a l t  w ith  s c a t te r e d  c a l c i t e  amygdales and r a r e  fe ld s p a r  phenocrysts  and 

a s tro n g ly  p o rp h y r i t ic  type  w ith  f e ld s p a r ,  o l iv in e  and a u g ite  p h en o c ry s ts .
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In  th e  Mpesidn R iv er -  K a te l i  R iv er a re a  to  th e  e a s t  o f Ribon two 

(p o s s ib ly  th re e  -  th e  summit k n o ll  i s  broken-up la v a )  b a s a l t  flow s cap th e  

h i l l  Motimyput, th e  low er be ing  n o n -p o rp h y r it ic , th e  upper two s tro n g ly  

p o rp h y r i t ic  w ith  f e ld s p a r ,  o l iv in e  and a u g ite  phen o cry sts  in  about equal 

p ro p o r tio n . On th e  two i s o la te d  h i l l s  to  th e  so u th , above Mpesida, a  non- 

p o rp h y r i t ic  b a s a l t  caps diatom aceous t u f f s  o f th e  Kaperyon F orm ation ,

P o rp h y r it ic  b a s a l t  l i e s  d i r e c t l y  above th e  Katokorata ig n ira b rite  a t  

Katokomta, P o rp h y r it ic  b a s a l t  a ls o  caps th e  r id g e  of h i l l s  runn ing  sou th  

from th e  K a te l i  R iver to  K ariatom , u s u a lly  u n d e r la in  by a non- p o rp h ry tic  

ty p e , but i t  i s  u n c e r ta in  how much o f th e  su cc e ss io n  o f a t  l e a s t  fo u r flow s 

on t h i s  r id g e  shou ld  be a s c r ib e d  to  th e  L okw ale ib it b a s a l t s  and how much to  

K aparaina b a s a l t s .  The i n t e r p r e t a t i o n  shown on th e  map i s  based la r g e ly  on 

to p o g rap h ic  f i e l d  ev idence o f an ap p aren t an g u la r d isco n fo rm ity  between th e  

alm ost h o r iz o n ta l  su m m it-k n o ll, com prising  th e  upper two flow s, and under

ly in g  b a s a l t s  v/ith  a pronounced westward d ip , A s te e p  westward d ip  i s ,  

however, seen  in  undoubted L okw ale ib it b a s a l t s  in  two t i l t e d  f a u l t - c u e s ta s  

to  th e  e a s t  o f th e  Chemotyn R iv er ( 3OO3 , 3103); h e re , an upper p o rp h y r it ic  

b a s a l t  and a low er ap h y ric  ty p e  o v e r l ie  c in d e ry  pumiceous t u f f s  o f th e  

Kaperyon Form ation in  th e  f a u l t - r e p e a te d  o u tc ro p s . These two r id g e s , 

to g e th e r  w ith  th e  K ariatom  r id g e  m entioned above, must be th e  ‘ th re e  la v a -  

f a u l t  r id g e s ' c ro sse d  by D,G. Maclnnes on h i s  t r a v e r s e  westward from 

Nginyang (Fuchs 1930, p .163 ) ,

On th e  h i l l  o f N ak ipu ra t where th e  Chemotyn R iver b reaks through th e  

Kariatom  r id g e  (290028) a f t e r  debouching from K is i t e i  gorge, a s e c tio n  in  

coarse c in d e ry  t u f f s  i s  capped by two a p h y ric , r a th e r  w eathered and slaggy  

pu rp le  la v a  flo w s, but to  th e  so u th  th e  eq u iv a len t o f th e  t u f f  i s  d i f f i c u l t  

to  t r a c e  in  th e  c o n tin u a tio n  o f th e  r id g e , a lthough  th e  capping o f L okw aleib it 

b a s a l ts  i s  e a s i ly  re c o g n ise d  by th e  e ro s io n  p a t te r n .  The capping of 

p o rp h y r it ic  b a s a l t s  o f th e  L o k w ale ib it on th e  very  th in  p y ro c la s t ic s  o f th e  

Kaperyon Form ation in  th e  a re a  to  th e  n o r th - e a s t  o f Chepochom a re  th e  most
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so u th e r ly  re co g n ised  o u t l i e r s  o f th e se  la v a s .  I t  i s  p o s s ib le  th a t  th e  very  

h ig h e s t  flow s o f Adonyasas and Cheporomoi a re  o f t h i s  age but n e i th e r  o f 

th o se  h i l l s  shows th e  c h a r a c t e r i s t i c  e ro s io n  p a t te r n  o f th e  younger b a s a l t s .  

Where, as  in  th e  Kariatom  a re a , th e  L okw ale ib it b a s a l ts  r e s t  d i r e c t ly  

on th e  p e t r c lo g ic a l ly  id e n t i c a l  K aparaina B a s a l ts ,  o r on very  th in  and 

th e re fo re  u s u a lly  concea led  Kaperyon F orm ation , th e  c h a r a c te r i s t i c  lo b a te  

e ro s io n  p a t te r n  o f th e  younger la v a s  was used to  d e fin e  t h e i r  

b o u n d aries  in  p h o to g e o lo g ic a l i n t e r p r e t a t i o n s .

The L o k w ale ib it b a s a l t s  were p robab ly  f i s s u r e  e ru p tio n s  fed  by th e  

o c c a s io n a l b a s a l t i c  dykes seen  to  cu t Kaperyon Form ation in  th e  Ribon a re a .  

These b a s a l t s  a t t a i n  t h e i r  maximum observed  th ic k n e s s  o f 400 f e e t ,  re p re se n 

t in g  e ig h t flo w s, to  th e  n o rth -w es t o f Nginyang (McClenaghan, pers,com m ,) 

where su c c e ss iv e  flow s have overlapped  a g a in s t  th e  Ribkwo tra c h y te  p i le  and 

have been s tro n g ly  fa u l te d  w ith  th e  t r a c h y te .  I t  i s  p o s s ib le  th a t  th e  

main b a s a l t  sou rce  was to  th e  n o r th - e a s t  o f th e  p re sen t map a re a ,

( e) V olcan ic  group Va -  Q uaternary  la v a s  group

1 , Loyamarok Tr-achyphonolite Form ation

A s in g le  flow  o f tra c h y p h o n o lito  im pingeing on th e  e a s te rn  bo rder of 

th e  map i s  th e  on ly  r e p r e s e n ta t iv e  o f th e  Q uaternary  v o lc a n ic s  in  th e  a re a . 

I t  forms a  th ic k ly -b u sh e d  g e n tly  e a s t-d ip p in g  low escarpm ent o r p la te a u  

known a s  Loyamarok (Loiyam arok) from which both  th e  a d m in is tra tiv e  lo c a t io n  

and th e  g e o lo g ic a l fo rm atio n  a re  named.

The ro ck  i s  a p liy ric , dark  g reen  when f r e s h ,  u s u a lly  w ith  a tra c h y to id  

t e x tu r e .  V e s ic u la r  and flow -banded p e tro lo g ie s  a re  common on th e  su rface  

of th e  p la te a u .

The w este rn  m argin o f th e  fo rm ation  forms an escarpm ent reach in g  a 

maximum h e ig h t o f 3^0 f e e t  in  th e  so u th , which f ig u re  a lso  in d ic a te s  th e  

maximum kn;jv/n th ic k n e s s  o f th e  la v a .  The p e c u lia r  lo b a te  topography o f
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th e  s c a rp , l i t t l e  m odified  by e ro s io n , su g g es ts  th a t  t h i s  m argin ap p ro x i

m ates to  th e  o r ig in a l  l im i t  o f th e  flo w . I l l - d e f in e d  p re s s u re - r id g e s  

seen  i n  th e  sou th  on th e  a e r i a l  photographs a re  p a r a l l e l  to  th e  o u tcrop  

m argin and in d ic a te  a  source  n e a r , o r to  th e  e a s t  o f , th e  s o u th -e a s te rn  

co rn e r o f th e  map. J u s t  to  th e  n o r th - e a s t  o f th e  p o in t a t  which th e  

boundary o f th e  tra c h y p h o n o lite  ru n s  o f f  th e  map n ea r Adonyasas a  cu rio u s  

palm ate lo b e  in  th e  sca rp  i s  in te r p r e te d  a s  being  caused by m obile la v a  

hav ing  broken th rough  a  l a r g e ly - s o l id i f i e d  f lo w - f ro n t .  A rem arkable 

f e a tu re  o f t h i s  lo b e  i s  th e  g e n tly  in c l in e d  e a s t-w e s t n a tu r a l  causeway 

co n n ec tin g  i t  to  th e  to p  o f th e  p la te a u  by way o f a  pass  in  th e  main 

escarpm ent edge.

The base o f th e  Loyamarok T rachyphono lite  d e c lin e s  from 3300 f e e t  in  

th e  extrem e so u th  (M artyn I 969 ) to  2800 f e e t  n ea r Nginyang, a  d is ta n c e  o f 

16 m ile s . T h is i s  a  s lo p e  o f l e s s  th an  h a l f  a  degree and p robab ly  

re p re s e n ts  th e  o r ig in a l  s lo p e  o f th e  Nginyang e ro s io n  su rfa c e  (se e  P a r t  

I l l b )  a c ro ss  which th e  la v a  flow ed . The base i s  presumed to  be everywhere 

p la n a r ,  but i s  on ly  seen  exposed a t  A lotakok where th e  Yatya road  c ro sse s  

th e  Burususwa. Here th e  base o f th e  tra c h y p h o n o lite  i s  seen r e s t in g  on 

15 in c h es  o f yellow  t u f f ,  r e s t in g  in  tu rn  on w eathered p u rp le  ap h y ric  

b a s a l t  o f th e  K aparaina F o rm ation . O ther geomorphic ev idence (P a r t  I l l b )  

su g g es ts  t h a t  t h i s  la v a  p o s t-d a te s  th e  development o f th e  d ra in ag e  system  

and h as  d iv e r te d  th e  o r ig in a l  w e s t- to -e a s t  d ra in ag e  northw ards i n  th e  

n a tu r a l  g u t t e r  o f  th e  p re se n t Burususwa v a l le y .

The th ic k n e ss  v a r ia t io n  o f th e  la v a  a s  in d ic a te d  by th e  h e ig h t o f 

th e  m arg inal sca rp  i s  on ly  o b serv ab le  in  th e  n o r th -so u th  d i r e c t io n :  i t  

th in s  r a p id ly  i n  th e  sou th  (M artyn o p ,c i t . ,  p .134) and more g ra d u a lly  in  

th e  n o r th .  At Nginyang th e  low fe a tu re  i s  concea led  by f lo o d s  o f younger 

b a s a l t s .

The p re se n t average  d ip  o f th e  su rfa c e  o f th e  la v a  i s  about 1 degree 

in  a n o r th - e a s te r ly  d i r e c t io n .  T h is  i s  though t to  be due in  p a r t  to  th e
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o r ig in a l  s lo p e  o f  th e  Nginyang s u r fa c e , i n  p a r t  ( th e  most dubious fa c to r )  

to  th in n in g  away from th e  source  and in  p a r t  ag a in  to  a  component o f g e n tle  

e a s te r ly  t i l t i n g  a s s o c ia te d  w ith  th e  Q uaternary  R if t - c e n t r e  f a u l t in g .

Two n o r th -so u th  f a u l t s  occur between th e  map-edge a t  th e  N ginyang-M arigat 

ro ad ; th e y  have throw s o f no more th an  13-20  f e e t  but th e  f a u l t  s c a rp s , 

a s s o c ia te d  w ith  g u l l i e s  a t  th e  fo o t ,  a re  so com ple te ly  uneroded th a t  t h e i r  

to p o g rap h ic  prominence i s  g r e a t ly  d is p ro p o r tio n a te  to  t h e i r  g e o lo g ic a l 

s ig n if ic a n c e .

An is o to p ic  (K-Ar) age o f 0 .3  m .y. fo r  th e  tra c h y p h o n o lite  confirm s 

i t s  y o u th . I t  i s  in t e r e s t in g  in  p ro v id in g  an example o f an u n d e rsa tu ra te d  

s a l i c  la v a  flow com parable in  th ic k n e s s , though n o t in  e x te n t ,  to  th e  

p h o n o lite s  o f th e  M iocene-P liocene Tugen H i l l s  Group.

2 . Nginyang B asa lt

T h is  u n i t  i s  no t on th e  a re a  o f th e  map, s in ce  i t  l i e s  1^-2  m iles  

e a s t  o f th e  n o r th - e a s t  c o rn e r , bu t was mapped by th e  w r i te r  in  th e  f i e l d  

and i s  d e sc rib e d  h e re  to  complement i t s  in c lu s io n  in  th e  p e tro lo g ic a l  

s e c t io n  o f t h i s  t h e s i s .

The b a s a l t  i s  a  th in  flow  which h as  a p p a re n tly  flow ed th rough  th e  

gap between th e  n o r th e rn  end o f th e  Loyamarok T rachyphono lite  flow  and th e  

t r a c h y te  i n l i e r s  o f th e  Nginyang t r i g - s t a t i o n  h i l l .  A f te r  b reak in g  th rough  

to  th e  Burususwa i t  ob v io u sly  flow ed down th e  v a l le y  o f th a t  r i v e r  and i t s  

p re se n t e x te n t approx im ates to  i t s  o r ig in a l  l i m i t s .

I t  h a s  a v e ry  d i s t i n c t iv e  d ik ty ta x i t i c  te x tu r e ,  and i s  much p a le r  

g rey  th an  th e  average b a s a l t .  T h is ty p e  occu rs  e x te n s iv e ly  among th e  

Q uaternary  la v a s  o f th e  a re a  a s  a  whole (M artyn 1969» p .137; S c e a l,

Carney, G r i f f i t h s ,  pers.com m .) but i s  never seen , w ithou t any known 

ex cep tio n , among th e  o ld e r  b a s a l t s  o f th e  P lio cen e  and Miocene succes

s io n s .
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( f ) R egional c o r r e la t io n  and is o to p ic  (K-Ar) ages

A ll a v a i la b le  K-Ar ages from th e  Kamasia su ccess io n  a re  p lo t te d  

a g a in s t  th e  s t r a t ig r a p h ie  column in  f ig u re  26 to  g iv e  an approxim ate tim e - 

curve fo r  accu m u la tio n . D e ta i ls  o f th e  is o to p ic  ages a re  g iven  in  ta b le  

I t  w i l l  be seen  t h a t ,  w ith  one ex cep tio n , a l l  d e te rm in a tio n s  a re  on s a l i c  

la v a s  vrilth h ig h  po tassium  c o n te n ts .

Tugen H i l l s  Group (V olcanic group I I )

The is o to p ic  ages fo r  t h i s  group emphasize th e  co n c lu s io n  from s t r a t i 

g rap h ie  c o n s id e ra tio n s  th a t  th e  group I I  p h o n o lite s  in  th e  Kamasia cover a 

g r e a te r  tirae -sp an  th an  th o se  on th e  R i f t  sh o u ld e rs . F ig u re  8 i l l u s t r a t e s  

th e  c o r r e la t io n  o f th e  Kamasia su cc e ss io n  w ith  th a t  on th e  Elgeyo E scarp 

ment. The d a te  o f l 4 .3  i  0 .3  m .y. fo r  th e  b a sa l flow  o f th e  Tiim Phono

l i t e s ,  a  d i s t i n c t iv e  tra c h y p h o n o lite  (2 /3 1 3 ) , i s  com parable to  th e  d a te s  o f 

13«6 1 0 .6  and 13*3 i  0 .3  fo r  th e  flow  above th e  b a sa l flow  on th e  Elgeyo 

a t  Tambach* (MB/8, Bishop e t  a l .  1969» p .683 ) ; in  th e  l a t t e r  th e  b a s a l  flow 

i s  a ls o  a  t ra c h y p h o n o lite .

B a s a lt ic  la v a s  and p y r o c la s t i c s  occur between th e  p h o n o lite s  and th e  

basement on th e  so u th ern  Elgeyo (Walsh 1969» p .13)» and on th e  Kamasia 

d i r e c t l y  u n d e r l ie  th e  d a ted  t ra c h y p h o n o li te .  These b a s a l t s  can p robab ly  

be c o r r e la te d  w ith  th e  w idespread  group I  Miocene b a s a l t s  in  Turkana 

(Jo u b e rt I 9 6 6 ) and on th e  e a s te rn  s id e  o f th e  n o rth e rn  r i f t  ( th e  Saraburu 

R is a l t s  o f S hack leton  1946, Baker I 9 6 3 » McCall I 967 ) .  Thus, th e  b a s ic  

la v a s  in  th e  Tugen H i l l s  Group may, in  f a c t ,  re p re se n t a  th in  in te r c a l a t io n  

o f group I .  However th e y  a re  u n d e r la in  by a  f u r th e r  c o n s id e ra b le  th ic k 

n ess  o f p h o n o lite s , v e ry  s im ila r  to  th o se  above th e  b a s a l t s .  These a re  

th e  Sidekh P h o n o lite s  from which two K-Ar ages a re  a v a i la b le ,  o f l4 .4  i  0 .3  

and 1 6 .0  ± 0 .6  m .y. These ages a re  q u ite  a cc e p tab le  on s t r a t ig r a p h ie

* C o rrec t p o s i t io n  o f th e  d a ted  flow  (MB/8) determ ined  by S . J .  L ip p ard .
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grounds and i t  ap p ea rs  t h a t  i n  t h i s  a r e a  th e  low est group I I  p h o n o lite s  a re  

ro u g h ly  synchronous w ith  some o f th e  group I  b a s a l t s  o f o th e r  a r e a s .  In  

th e  K ito  Pass and T i a t i  a re a s  (McClenaghan o p .c i t . )  b a s a l t s  do occur beneath  

th e  Sidekh P h o n o lite s  and become th ic k e r  northw ards in to  Turkana (Webb 

o p .c i t . ) •

Of th e  rem ain ing  Tiim P h o n o lite  ag es , th o se  from th e  Kamuiton Phono

l i t e s  Member o f th e  w r i t e r 's  a re a  (WB/lO, WB/12), o f 11 to  13 m .y ., a re  

w ith in  th e  accep ted  range o f th e  'p la t e a u  p h o n o li te s ' (group I I ) ,  as  a lso  

i s  1 /368  (13  m .y .) from n e a r  K abarne t. However th e  ages o f JlV^7^ and 

JM/346 a re  u n accep tab ly  low in  view o f th e  K abarnet T rachyte  ages ( q .v . )  

from much h ig h e r i n  th e  su c c e ss io n . The anom alies may be caused by 

secondary  c a l c i t e  and z e o l i t e s  which te n d  to  occur in  a l l  th e se  o ld e r  

p h o n o li te s .

Tlie d a ted  sam ples o f th e  E w alel P h o n o lite s  a re  a l l  from th e  Suraet 

P h o n o lite  Member in  th e  C hepkesin-Y atya a r e a .  A lthough t h i s  u n it  appears  

to  be a  s in g le  th ic k  ( 6OO') flow , th e re  i s  some d is p a r i ty  in  th e  d a te s .

W B/ll i s  o b v io u sly  to o  low (p o s s ib ly  due to  h ig h  gas p re ssu re  in  th e  

e x tr a c t io n  l i n e  -  J .A . M ille r ,  pers.com m .), bu t 2/214 and VB/1 3  in d ic a te  

a  p o s s ib le  age between 7 and 9 m .y.

The p a la e o n to lo g ic a lly  im p o rtan t N gorora Form ation (B ishop and 

Chapman 1970) i s  th u s  d a ted  a t  between 11 and 9 m .y ., which age appears 

to  be su p p o rted  by th e  f o s s i l  v e r te b r a te  ev idence from th e  fo rm atio n .

V olcanic group I I I

Kabarnet T rach y tes

In  view o f th e  em inent m ap p ab ility  o f t h i s  fo rm ation  th e  c lo se  grouping , 

w ith  sm all quoted  e r r o r s ,  o f th e  is o to p ic  ages i s  e s p e c ia l ly  u s e f u l .  The 

rocks a re  le u c o c ra t ic  la v a s  composed c h ie f ly  o f s a n id in e , w ith  very  l i t t l e  

a l t e r a t i o n  o r secondary  m in e ra l iz a t io n , and th e  d a te s  a re  regarded  a s  very  

r e l i a b l e .
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Although th e y  r e s t  d i r e c t l y  on th e  Tugen H i l l s  Group over most o f th e  

Kamasia, a t  th e  extrem e n o rth  and sou th  o f t h e i r  o u tc rop  th e  K abarnet 

T rach y tes  form a  tongue w ith in  th e  b a s a l t s  which more u s u a lly  o v e r l ie  them . 

In  th e  so u th e rn  Kamasia (L ip p ard , Ph.D . t h e s i s  in  p re p a ra t io n )  and n o rth  

o f T i a t i  (Webb, o p .c i t . )  th e  group I I I  b a s a l t s  l i e  d i r e c t ly  on th e  Tugen 

H i l l s  Group; i t  th e re fo re  seems more rea so n ab le  to  in c lu d e  th e  K abarnet 

T rach y tes  w ith  group I I I  r a th e r  th a n  to  p lace  them on t h e i r  own, p a r t ic u 

l a r l y  as  t r a c h y te s  ag a in  occur n ea r th e  to p  o f th e  b a s a l t i c  sequence (see  

below ).

K aparaina Form ation

T his fo rm ation  i s  composed c h ie f ly  o f b a s a l t i c  la v a s  b u t, f o r tu n a te ly ,  

in t e r c a l a t e d  t r a c h y te s  a re  a v a i la b le  fo r  sam pling n e a r th e  to p  o f  th e  

fo rm a tio n . The age o f 2 /125 , a  m ugearite  a t  th e  base o f th e  sequence, i s  

o b v io u sly  to o  h ig h , p o s s ib ly  because o f th e  low potassium  co n ten t o f th e  

ro c k . The t r a c h y te s  (M5, 2 /227) a re  from w idely  s e p a ra te d  l o c a l i t i e s  but 

th e  ro ck  i s  p e tro g ra p h ic a l ly  d i s t i n c t iv e  and th e  d a te s  a re  though t to  be 

r e l i a b l e .  They c o in c id e  w ith  th e  o ld e s t  is o to p ic  ages fo r  th e  o v e rly in g  

Ribkwo complex (McClenaghan o p .c i t . ) .

O ther 'p la te a u *  b a s a l t s  in  th e  r i f t  which should  be in c lu d e d  in  group 

I I I  a re  th e  L a ik ip ia n  B a s a lts  (S h ack le to n  1945), th e  T irio k o  b a s a l t s  

(Webb o p . c i t . ) ,  b a s a l t s  west o f B aragoi (Baker I 965 ) and, in  th e  Magadi 

a re a ,  S in g a ra in i  B a s a l t .  I t  i s  slI s o  ap p aren t th a t  th e  Sim bara s e r i e s  o f 

th e  A berdares f a l l s  in to  th e  same tim e range (B aker e t  a l . , in  p r e s s ) .

The b a s a l t s  o f  th e  L oriyu  P la te a u  a t  th e  so u th ern  end o f Lake R udolf may 

a ls o  belong to  t h i s  group (R heratulla  1970, p .6 7 ) .

V olcanic group IV

Ribon T rachyte

T h is i s  a  s in g le  flow  o f t r a c h y te  and th e  d i s p a r i ty  between th e  d a te s  

o f 2 /2 2  and 2/ 7 9 , from se p a ra te  o u tc ro p s , i s  u n fo r tu n a te . The w r i te r  i s  

in c l in e d  to  p la ce  more credence in  th e  age o f 2 /22  (5 .7  i  0 .2  m .y .) s in ce
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i t  was a v e ry  f r e s h  specim en w hile  d i f f i c u l t y  was experienced  in  o b ta in in g  

an unw eathered specimen from Chemolingot h i l l ,  th e  l o c a l i t y  o f 2/79» A lso , 

th e  o ld e r  d a te  does no t seem to  g ive  enough tim e between i t  and th e  

K aparaina t r a c h y te  d a te s  fo r  d e p o s it io n  o f th e  Kaperyon Form ation and th e  

subsequent f a u l t in g  and p la n a t io n  which c le a r ly  p receded th e  Ribon la v a .

The Ribon T rachy te  i s  th e  most s o u th e r ly  o u t l i e r  o f th e  Ribkwo 

tr a c h y t ic  p i l e ,  one o f a  number o f group IV m u lt i- c e n tre  t r a c h y t ic  v o l

canoes in  sou th  Turkana which in c lu d e  th e  T i r r  T i r r  t r a c h y te s  (Baker I 965 ) 

and many o th e r  complex c e n tr e s  (McClenaghan o p .c i t . ,  Webb o p .c i t . .

Weaver, Ph.D. t h e s i s  in  p re p a ra t io n ) .  I s o to p ic  ages o f th e se  tr a c h y te s  

in  th e  EAGRU mapping a re a  range from 5 to  5 m .y. (S n e ll in g , u n p u b lish e d ).

V olcanic group Va 

l o yamarok T rachyphono lite

The is o to p ic  age o f JI4/52 i s  com patib le  w ith  s t r a t ig r a p h ie  and geo- 

m orpho log ica l ev id en ce . T h is la v a  may be e q u iv a le n t to  p a r t  o f th e  

D ispei-L ake Hannington p h o n o lite s  o f McCall ( I 967 ) ;  th o se  la v a s  form a 

complex sequence, o ld e r  th a n  th e  Q uaternary  c e n t r a l  v o lcan o es , bu t no t 

y e t re so lv e d  in  d e t a i l .



TABLE I  ISOTOPIC AGE DETERMINATIONS 

(A ll r e s u l t s  a re  whole ro ck  d e te rm in a tio n s)

K-Ar ages o f th e  Tugen H i l l s  Group (V olcan ic  group I I )
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Sample L o c a lity Form ation àEÈ.

2/214 (1) Yatya Ew alel (Suraet) 

P h o n o lite s
7 .1  ± 0 .4

WB/ll (2 ) Chepkesin Ew alel (Suraet) 

P h o n o lite s

6 .7  ± 0 .7  

6 .6  i  0 .7

WB/1 3 (2) Kamuiton Ew alel (Suraet) 

P h o n o lite s

8 .4  i  0 .8  

9 .3  i  0 ,9

WB/12 (2) Kamuiton Tiim (Kamuiton) 

P h o n o lite s
1 2 .9  Î  1 .3  

1 3 .4  i  1 .4

WB/10 (2) K abarsero Tiim (Kamuiton) 

P h o n o lite s )
1 2 .1  t  1 .2  
10 .8  ± 1 .0

JI4/474 (2 ) Ngeringerowa Tiim P h o n o lite s  

(upper)

7 .5 4  ± 0 .5 2  

6 .8 0  ± 0 ,5 1

JlV3^^6 (2) K ipchebor R, Tiim P h o n o lite s  

(upper)

9 .84  2  0 .4 7  

9 .9 7  ± 0 .48

1/358 (1) K ip la p a l R. Tiim P h o n o lite s  

(m iddle)
1 3 .0  i  0 .4

2 /315 (1) Chemoigut R. 

(S idekh)
Tiim P h o n o lite s  

(b a s a l)
1 4 .3  t  0 .5

3/514 (1) Chepanda H i l l s Sidekh P h o n o lite s 14 .4  t  0 .5

2 /217 (1 ) Kamuiton sc a rp Sidekh P h o n o lite s  

(low er)

1 6 .0  i  0 .6

(1) N .J . S n e ll in g  (u n p ub lished )
( 2 ) J .A , M ille r  (u n p u b lish ed )
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K-Ar ages o f th e  K abarnet T rach y tes  (V olcanic group I I I )

Sample L o c a li ty  Form ation Age

JM/7 3 4  ( 1 ) Lelyan K abarnet 7*1 i  0*3

T rach y tes  7«3 i  0*3

7 .3  1 0 .4

2 /2 1 0  ( 2 ) Yatya K abarnet 6 .8  t  0 .2

T rach y tes  (b ase )

1/714 (2 ) Lelyan K abarnet 6 .7  ± O.3

T rachy tes

( 1 ) J .A . M ille r  (B aker, W illiam s & M ille r ,  in  p re s s )
( 2 ) N .J . S n e ll in g  (un p u b lish ed )

K-Ar ages o f th e  K aparaina Form ation (V olcanic group I I I )

2 /2 2 7  ( 1 ) n r .  T e g it t r a c h y te ,  5*3 i  0 .2

K aparaina Form ation

M5 ( 1 ) Chepanda R. t r a c h y te ,  3«4 i  0 .2

K aparaina Form ation

2 /125  ( 1 ) Kamsoror m u g earite , b a sa l 8 .2  i  0 .4

K aparaina Form ation

( 1 ) N .J . S n e ll in g  (u n p u b lish ed )

K-Ar ages o f th e  Ribon T rachy te  (V olcan ic  group IV)

2 /2 2  ( 1 ) Ribon R ibon T rachy te  5*7 i  0 .2

2 /7 9  (1 ) Chem olingot Ribon T rachy te  4 .9  i  0 .2
(Nginyang)

( 1 ) N .J . S n e ll in g  (u n p u b lish ed )

K-Ar ages o f  th e  Loyamarok T rach y p h o n o lite  (V olcanic group Va)

JM/5 2  ( 1 ) Loruk Loyamarok 0.55& i

T rachyphono lite  O.56O ±

( 1 ) J .A . M ille r  (u n p u b lish ed )
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(g ) P a laeo n to lo g y

1 , V e rte b ra te s

The w r i te r  i s  g r a te f u l  to  Mrk A, H i l l  fo r  p re p a ra t io n  of th e  

fo llo w in g  fa u n a l l i s t s :

TABLE I I

Ngorora Form ation

PISCES

REPTILIA C helonia

C ro c o d ilia

Peloraedusidae

tr io n y c h id

C la r ia s  sp .

T i la p ia  sp .

P e lu s io s  c f • s in u a tu s^

AVES C ico n iid ae '

MAMi-lALIA Prim at e s

C arn ivo ra

P ro b o sc id es

H yracoidea

P e r is s o d a c ty la

A rtio d a c ty la ^

Hominoidea ? hom inid

C erco p ith eco id ea

Gom photheriidae

D e in o th erid ae

C h a lic o th e r iid a e  

T ap irid ae  

R h in o cero tid ae^

Suidae

Hippopotaraidae

G ira f fo id e a  sp .

G ira f f id a e  sp .

B o se lap h in i

T ra g e la p h in i/  
B o se lap h in i sp,

C ep h a lo p h in i/ 
B o se lap h in i sp,

C ap rin ae /
A lc e la p h in i sp,

D einotherium  sp , 

Sp .nov.

C h ilo therium  sp . 

A reratherium  sp .

? Brachypotherium  spo

? P ro tra g o ce ru s  sp .



'Mpesida Beds' (K abarnet Form ation)

PISCES S ilu r ifo rm e s

REPTILIA C helon ia

C ro c o d ilia

M/U4MALIA P robosc idea

P e r is s o d a c ty la

A rtio d a c ty la

tr io n y c h id

Equidae

R h in o cero tid ae

Hippopotaraidae

Bovidae

76

c f .  C la r ia s /C la ro te s  sp .

S ten o te trab e lo d o n  orbus 
(M aglio)

? H ipparion  (S ty lo -  
h ip p a r io n ) sp .

Lukeino Member ( K aparaina Form ation

REPTILIA C helon ia

C ro c o d ilia

MAÎL1ALIA P roboscidae

P e r is s o d a c ty la

A rtio d a c ty la

tr io n y c h id

G om photheriidae

Equidae

Suidae

Hippopotaraidae 

R eduncin i sp . 

A n ti lo p in i  sp .

H ipparion  (S ty lo -  
h ip p a r io n ) sp .

Nyanzachoerus tu lo to s

( I d e n t i f i c a t i o n  su p p lie d  by: 1 . Mr, A. Wood; 2 . D r. A.C, W alker; 
3* Dr. D.A. H o o ije r; 4 . D r. A. G en try .)

In  a d d it io n  to  th e  above l i s t s ,  abundant f i s h  rem ains and a s in g le  

c ro c o d il ia n  v e r te b ra  have been reco v ered  from th e  Muruywr Beds (Tiim  

P h o n o lite s  F o rm ation ); in  th e se  sed im ents th e re  occur s im ila r  f a c ie s  to  

th e  N gorora f o s s i l i f e r o u s  f a c ie s ,  and i t  seems l i k e ly  th a t  fu r th e r  search  

fo r  f o s s i l s  in  th e  Muruywr Beds would be w orthw hile . McClenaghan (o p .c i t . )  

lo c a te d  f o s s i l i f e r o u s  sedim ents, a l le g e d  to  be Kaperyon Form ation, near th e  

Chepanda R iv e r, bu t no v e r te b r a te  f o s s i l s  were found in  th a t  fo rm ation  in  

the  p re se n t a r e a .

W ithin th e  above assem blages, th e  o ld e s t ,  from th e  Ngorora Form ation,
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shows s ig n i f ic a n t  d if f e r e n c e s  from th e  o th e r  two: th e  Ngorora assem blage 

has  a  g e n e ra lly  o ld e r  a sp e c t, p a r t i c u la r ly  w ith  re g a rd  to  th e  p e r is s o d a c ty ls ,  

which in c lu d e  a  c h a l ic o th e r s  and a  t a p i r .  Equid rem ains were no t found, 

bu t a re  reco rd ed  from th e  two younger assem blages. 'H ippo ' rem ains in  th e  

Ngorora a re  th e  o ld e s t  re co rd ed , anywhere, but a re  very  sc a rc e , in  con

t r a s t  to  t h e i r  abundance in  th e  younger assem blages.

The '?  hom inid ' re co rd ed  i s  a  m olar to o th  crown d e sc rib ed  by D r. L.SoB. 

Leakey ( in  Bisliop and Chapman 1970» p .917) a s  hav ing  some a f f i n i t i e s  to  

K enyapithecus and some to  both  A u s tra lo p ith e c u s  and Homo.

F ish  rem ains a re  common as  d i s a r t i c u la te d  bones but Martyn ( 1969 , 

p .4 3 ) found sm all ( 8O-IOO mm.) com plete T i la p ia  specim ens in  th e  Kapkiarau 

S h a le s  (N gorora F o rm atio n ).

The Chemoron Form ation (McCall e t  a l .  I 967 , M artyn 19^7» 1969) and 

th e  A te r i r  sed im ents (Webb, Ph.D. th e s i s  in  p re p a ra t io n ) ,  which have y ie ld e d  

r ic h  v e r te b r a te  fau n as , a re  bo th  younger th a n  th e  u n i t s  w ith  f o s s i l i f e r o u s  

assem blages in  th e  p re s e n t a re a .

The Kamasia su cc e ss io n  would be id e a l  fo r  th e  a p p l ic a t io n  o f a s t r i c t  

s t r a t ig r a p h ie  in v e s t ig a t io n  o f th e  f o s s i l  v e r te b r a te s .  However a t  p re sen t 

th e  ' t r e a s u r e - h u n t ' te ch n iq u e  i s  s t i l l  being  a p p lie d  by th e  m a jo rity  of 

p a la e o n to lo g is ts  in  E ast A fr ic a  w ith  r e s u l t in g  ch ro n ic  u n c e r ta in ty  as  to  

tim e r e la t io n s h ip s  among g e o g ra p h ic a lly  s e p a ra te d  assem blages. However, 

taphonomic and p a la e o e c o lo g ic a l s tu d ie s  in  Baringo and Turkana being con

ducted  by Mr. A, H i l l  and Mr. C. Fow ler, d ir e c te d  by D r. W.W. Bishop, may 

a t  l e a s t  h e lp  to  id e n t i f y  th e  env ironm enta l f a c to r  when c o n sid e rin g  

e v o lu tio n a ry  s ig n if ic a n c e  o f th e  f o s s i l  assem blages.

2 . In v e r te b ra te s  and p la n ts

F o s s i l s  o th e r  th a n  v e r te b r a te s  a re  sca rc e  in  th e  p re sen t a re a . F r u i t  

and le a v e s  occur in  th e  N gorora Form ation and in  s i t u  t r e e  rem ains occur 

in  a t u f f  i n  th e  K abarnet Form ation (see  p . 42 )•  Diatoms a re  found
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in  th e  d ia to m ite s  and 'd i a t u f f s '  o f th e  Lukeino Member and Kaperyon F o r

m ation bu t have no t been s tu d ie d  in  d e t a i l  beyond n o tin g  th a t  th e  two 

u n i t s  appear to  have d i s t i n c t l y  d i f f e r e n t  diatom  assem blages.

A lgal lim esto n e  m asses occur on th e  p la in  o f th e  ’Nginyang s u r fa c e ' 

sou th -w est o f Adonyasas. I t  i s  no t c e r ta in  w hether th e se  a re  in te r c a l a te d  

in  th e  K aparaina b a s a l t s  o r o f re c e n t o r ig in .  I f  th e  l a t t e r ,  i t  seems 

th a t  th e  Burususwa v a l le y  may a t  one tim e have been a  shallow  la k e .

S im ila r  a lg a l  lim esto n e  masses have been found (W.W. B ishop, pers.com m .) 

on th e  su rfa c e  o f th e  K apthurin  Beds o u tc ro p  n ear Lake B aringo.

A th in  (15-20  mm.) o s tra co d  lim esto n e  occurs n ea r th e  base o f . th e  

Kaperyon Form ation in  th e  Mpesida a re a , and McClenaghan (o p .c i t . )  a ls o  

re c o rd s  g aste ro p o d  lim esto n e  from t h i s  fo rm atio n . G asteropod s h e l l s  

were found in  re c e n t c a lc a re o u s  tu f a  in  th e  p re se n t a r e a .



79

PART I I : STRUCTURE

(a )  In tro d u c tio n

The s t r u c tu r e  and te c to n ic  h is to r y  o f th e  map a re a  cannot he con

s id e re d  in  i s o la t io n  and th e  w r i te r  h as drawn f r e e ly  on th e  f in d in g s  o f 

h i s  c o lle a g u e s , p a r t i c u la r ly  o f J .E .  Martyn (M artyn I 969 ) ,  f o r  th e  purpose 

o f i l l u s t r a t i o n .  The w r i te r  i s  w e ll acq u a in ted  w ith  th e  a d ja c e n t a re a , 

mapped by î-lartyn, hav ing  accompanied th e  l a t t e r  in  th e  f i e l d ,  and by 

rea so n  o f th e  g e n e ra l road  netw ork o f th e  Kamasia a re a .

The Kamasia Range i s  e s s e n t i a l ly  a  te c to n ic  f e a tu r e ,  r e l a t i v e l y  l i t t l e  

m odified  by e ro s io n , formed by la rg e  d ip - s l ip  movements on dom inantly  

n o r th -so u th  tre n d in g  f a u l t s .  The g e n e ra l s t r u c tu r e  o f th e  Kamasia and th e  

Elgeyo Escarpment was c o r r e c t ly  shown by G regory (1921, p .l0 8 )  bu t s e v e ra l  

l a t e r  w r i te r s  have drawn wrong co n c lu s io n s  from l e s s  cu rso ry  in v e s t ig a t io n s .  

The metamorpliic basement i s  exposed on th e  up-throw  s id e  o f th e  l a r g e s t  

f a u l t s  but i t  h a rd ly  r i s e s  to  a  le v e l  o f  ^000 f e e t ,  l e s s  th an  i t s  average 

a l t i t u d e  on th e  Elgeyo Escarpm ent a t  t h i s  l a t i t u d e ;  hence th e  range must 

s t i l l  be co n sid e red  to  be downthrown r e l a t i v e  to  th e  w este rn  sh o u ld er o f 

th e  R i f t  i f  one assumes th a t  th e  d ep re ss io n  always h as been e n t i r e ly  t e c 

to n ic  in  o r ig in .

P a r i ty  i n  to p o g rap h ic  r e l i e f  between th e  range (8203 f e e t  a t  S a iso ) 

and th e  sh o u ld ers  i s  caused  la r g e ly  by th e  much g re a te r  th ic k n e ss  o f 

C ainozoic la y e re d  ro ck s  on th e  fo rm er. T h is d im inu tion  o f s t r u c tu r a l  r e l i e f  

by s t r a t ig r a p h ie  accum ulation  i s  a  s ig n i f ic a n t  e f f e c t  in  th e  Baringo s e c tio n  

o f R i f t  ( f i g .  4) and p robab ly  a ls o  in  o th e r  a re a s  where th e  th ic k n e ss  o f 

th e  C ainozoic ro ck s  i s  no t known.
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(b ) F a u l ts  and f a u l t - t r e n d s

The map o f th e  f a u l t s  in  th e  p re se n t a re a  ( f i g .  2 7 ) shows th e  domi

nance o f th e  NÎÎE-SSV/ tre n d  to  th e  e a s t  o f th e  main range w hile  th e  main

sca rp  f a u l t s ,  in  th e  so u th , ru n  alm ost n o r th -so u th , w ith  some ab ru p t 

d iv e rgence  in  th e  c e n tre  o f th e  a r e a .  On th e  main range and th e  d ip -s lo p e  

a number o f DT.V-SE tre n d in g  f a u l t s  o ccu r . The ro se  diagram s ( f i g .  28) 

em phasize th e  NNE-SSW tre n d  but i t  should  be s t r e s s e d  th a t  such diagram s 

show only  t o t a l  le n g th  o f f a u l t s ,  r e g a rd le s s  o f  throw ; many f a u l t s  o f 

q u a n t i t a t iv e ly  i n s ig n i f i c a n t  le n g th  have v e ry  la rg e  throw s a s ,  fo r  example, 

in  th e  Sumet area*

The NNE-SSW f a u l t  t r e n d  i s  th e  predom inant s t r u c tu r a l  f e a tu re  between

Lake Baringo and Lake R udolf and r e f l e c t s  th e  whole o r ie n ta t io n  o f th e

R i f t  between th e se  l a t i t u d e s .  I t  i s  th e  p re v a i l in g  d i r e c t io n  o f s t r i k e  

r f  th e  basement f o l i a t i o n  in  th e  K ito  Pass-Kolowa a re a  im m ediately  n o r th 

west o f th e  p re se n t map a re a  (McClenaghan o p .c i t . )  I t  i s  su g g ested  th a t  

f a u l t in g  must be a t  l e a s t  g r e a t ly  f a c i l i t a t e d  by a c o in c id e n t d i r e c t io n  o f 

basement s t r i k e ,  i f  no t a c tu a l ly  c o n tro l le d  by i t .  However, th e  n o r th 

west f o l i a t i o n  o f th e  basement g n e is se s  in  th e  sm all a re a  on th e  p re se n t 

map i s  tru n c a te d  by th e  Saimo F a u l t ,  and Martyn ( o p .c i t . )  confirm s th a t  

t h i s  r e la t io n s h ip  i s  m ain ta in ed  to  th e  so u th  a long  th e  whole o u tc rop  of 

th e  Saimo basement i n l i e r .

With re g a rd  to  th e  NW-SE f a u l t  t r e n d  Martyn has  p o in ted  out th a t  in  

many n o r th e rn  a re a s  o f Kenya to  th e  west o f th e  R i f t  th e  basement i s  c u t 

by p re -C a in o zo ic  f a u l t s  t re n d in g  in  t h i s  d i r e c t io n  (M ille r  19^6; Jen n in g s  

196^ ; Walsh 1966 , p .29; Jo u b e r t I 96 6 , p .44; W illiam s I 966 ) .

U n fo rtu n a te ly , s c a rc e ly  any f a u l t - p la n e s  a re  w e ll exposed in  the  

p re se n t a re a  bu t th o se  t h a t  a re  confirm  th e  p e rp e n d ic u la r  r e la t io n s h ip  

between f a u l t - p la n e  and s t r a t a  observed  by Martyn (o p .c i t . ,  p p .l6 8 -1 7 2 ) . 

S e c tio n s  on th e  map a re  drawn, w ith  a  few e x c e p tio n s , on th e  assum ption o f 

t h i s  r e la t io n s l i ip .  In  th e  r e s u l t ,  i t  i s  notew orthy th a t  f a u l t s  in
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h o r iz o n ta l  s t r a t a ,  assumed to  be v e r t i c a l ,  o f te n  map out a s  much s t r a ig h te n  

l i n e s  th an  th o se  assumed to  be d ipp ing  ( a t  a n g les  up to  75°)* In d i r e c t  

ev idence o f f a u l t - p la n e  d ip  i s  g iven  by f a u l t - d r a g  s t r u c tu r e s  which 

in d ic a te  d ip s  o f 6O-7O degrees on th e  Suraet F a u lt  where th e  f a u l te d  s t r a t a  

a re  d ipp ing  a t  20  d eg rees in  th e  o p p o s ite  d i r e c t io n .

(c )  S t r u c tu r a l  co n tou r maps

Two s t r u c tu r a l  co n tou r maps have been drawn fo r  th e  base o f th e  Sumet 

P h o n o li te , and fo r  th e  K abarnet F orm ation . In d iv id u a l  f e a tu re s  i l l u s 

t r a t e d  by th o se  maps a re  d e sc rib e d  in  th e  a p p ro p r ia te  s e c t io n  o f th e  t e x t ,  

but some g e n e ra l f e a tu re s  a re  no ted  h e re :

F i r s t l y ,  w ith  re g a rd  to  th e  methods used : e x tra p o la t io n  in  th e  case  

o f th e  Sumet P h o n o lite  map in v o lv ed  th e  assum ption  o f no a n g u la r  d isco n 

fo rm ity  between th e  Sumet P h o n o lite  and th e  u n d e rly in g  su cc e ss io n , a p a r t  

from th e  e f f e c t  o f th e  observed  th in n in g  o f th e  Ngorora Form ation  a t  th e  

c r e s t  o f th e  ra n g e . In  th e  K abarnet map a s im ila r  assum ption  was made of 

th e  r e la t io n s h ip s  between K aparaina and K abarnet fo rm atio n s; in  t h i s  case 

th e re  i s ,  in  f a c t ,  ev idence o f s l ig h t  unconform ity , bu t t h i s  i s  n o t though t 

to  have a s ig n i f i c a n t  e f f e c t .  The a re a  shown a s  never having  been covered 

by K abarnet 'f lo w  1 ' was determ ined  by th e  o v e rlap  o f 'f lo w  2 ' on 'f lo w  1 ' 

in  th e  w est, p r o je c t io n  o f th e  K abarnet datum to  an in te r s e c t io n  w ith  th e  

Sumet datura on th e  S idekh d ip -s lo p e , and th e  observed  r e la t io n s h ip  on 

Sumet m ountain . However some doubt rem ains about th e  c e n t r a l  a re a  around 

Bartabwa: p o s s ib ly  ' flow  2 ' c ro sse d  th e  range a t  t h i s  p o in t (b u t t h i s  

co m p lica tes  s t r a t ig r a p h ie  r e c o n s tru c t io n s  on Suraet); p o s s ib ly  'f lo w  1 ' 

c ro ssed  but was c o n s id e ra b ly  eroded a f t e r  t i l t i n g  befo re  th e  a r r i v a l  o f 

'f lo w  2 ' .

The r e s u l t s  em phasize above a l l  th a t  one canno t, a t  l e a s t  w ith  re g a rd  

to  th e  C ainozoic ro c k s , th in k  o f th e  t e c to n ic s  sim ply in  term s o f 'b lo c k s ' 

o r 'b l o c k - t i l t i n g ' ,  excep t when c o n s id e rin g  tw o-d im ensional models or
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s e c t io n s .  The co n to u rs  show th a t  a lthough  th e  s t r u c tu r e  i s  dom inated by 

f a u l t in g ,  p l a s t i c  defo rm ation  i s  much more in  ev idence in  t h i s  a re a  th an  

d e s c r ip t io n s  o f A frican  r i f t  t e c to n ic s  u s u a lly  su g g e s t. Much o f th e  

fo ld in g  may be s u p e r f i c i a l  and b r i t t l e  defo rm ation  may w e ll be more pro

nounced in  th e  metamorphic basem ent, bu t th e  ev idence o f th e  l a r g e s t  f a u l t s  

shows th a t  l a r g e - s c a le  f le x u r in g  a s s o c ia te d  w ith  f r a c tu r e s  a ls o  a f f e c t s  

th e  basement a s ,  fo r  exam ple, on th e  Saimo F a u lt  w hich, w ith  a d isp lacem ent 

o f n e a r ly  4 km ., must be a  m ajor c r u s ta l  s t r u c tu r e  ( f i g s .  3 7 ,3 8 ) . The 

'h a lf-d o m e ' and ' f a u l t - a r c h ' s t r u c tu r e s  between Yatya and Mukur a re  a lso  

co n sid e red  to  be d e ep -se a ted  in  o r ig in ,  b u t, a t  th e  end o f th e  s c a le ,  th e  

v e ry  s te e p  d ip s  on th e  down-throw s id e  o f th e  m ajor f a u l t s  a re  alm ost 

c e r t a in ly  r e l a t i v e l y  s u p e r f i c i a l  f a u l t - d r a g  e f f e c t s  a s s o c ia te d  w ith  th e  

p resen ce  o f th ic k  sed im en tary  fo rm atio n s  in  th e  sequence.

( d) D e sc r ip tio n , by a re a

1 . Tlie main range

Comparison o f  to p o g rap h ic  and te c to n ic  maps shows th a t  th e  Kamasia 

w atershed  ru n s  p r a c t i c a l l y  due n o r th -so u th  and i s  o b liq u e  to  th e  p re v a il in g  

f a u l t  t r e n d .  I t  i s  fo r  t h i s  re a so n  th a t  th e  ran g e , a lth o u g h  a d i s t i n c t  

p h y s io g rap h ic  e n t i t y ,  has w e s t- fa c in g  sc a rp s  formed by a s e r ie s  o f s tag g e red  

f a u l t s  which r e la y  th e  m ajor d isp lacem en ts  'e n  e c h e lo n '.  Baker (1938) has 

d e sc rib e d  s m a ll- s c a le  'e n  ech e lo n ' f a u l t in g  w ith  'ram p s ' from th e  Magadi 

a re a  and King ( 197O) has re c o g n ise d  t h i s  p a t te r n  on a la rg e  s c a le  a s  

c h a r a c t e r i s t i c  o f th e  E as t A frican  r i f t  system  a s  a  w hole. The p re se n t map 

shows th e  o v e rla p  o f two such m ajor f r a c tu r e s ,  th e  Saimo F a u lt  (M artyn op, 

c i t . )  and th e  K ito  P ass  F a u l t .  By ju d ic io u s  cho ice  o f ro u te  i t  i s  p o s s ib le  

to  walk from th e  fo o t o f  th e  range in  th e  n o rth  o f th e  a re a  to  th e  c r e s t  

o f i t  i n  th e  sou th  w ithou t c ro s s in g  a s in g le  f a u l t .  The s t r u c tu r e  a long  

which t h i s  t h e o r e t i c a l  jo u rn ey  would be undertaken  i s  suggested  in  th e  f i e l d  

by th e  o u tc ro p  o f th e  K abarnet t r a c h y te  and became known a s  'The G angp lank '.
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S im ila r  s t r u c tu r e s  a re  w e ll developed on th e  e a s te rn  s id e  o f th e  R if t  in  

th e  01 A rabel r i v e r  a re a  (C arney, Ph.D. th e s i s  in  p re p a ra t io n ) .

The map c ro s s - s e c t io n s  show th e  v a r ie ty  of s t r u c tu r e s  in  th e  main 

ra n g e . T h is in c lu d e s  sim ple s in g le  f a u l t - s c a r p s ,  a s  a t  S idekh, t i l t e d  

s te p s ,  as in  th e  Sumet a re a , and asym m etric h o r s t s ,  a s  a t  Kamelon. T h is 

l a s t  s t r u c tu r e  i s  co n tin u ed  southw ards a s  th e  ’Saimo H o rs t ' o f Martyn 

( o p .c i t . ,  p .160 ) ;  i t s  n a tu re  i s  no t obvious a s  th e re  h as  been no movement 

on th e  w este rn  boundary f a u l t  ( 'C h e r ia l  F a u l t ' o f M artyn) s in c e  th e  ex

t r u s io n  o f th e  K abarnet T rach y tes  and th e  f a u l t  i s  la r g e ly  concealed  by 

th o se  la v a s .  A number o f o th e r  sm all f a u l t s  o f p re-K abarnet age a re  ex

posed in  th e  deep ly  in c is e d  v a l le y s  o f th e  d ip -s lo p e  in  th e  so u th . By 

c o n tr a s t  th e  d ip -s lo p e  o f  th e  Sidekh range in  th e  n o r th  i s  s c a rc e ly  f a u l te d  

a t  a l l  and t h i s  a re a  a t t a i n s  th e  same te c to n ic  r e l i e f  a s  th e  sou th  w ith  

sh a llo w er an g le s  o f dip ( < 1 0 ° ) .  D ips in  th e  Tugen H i l l s  Group a t t a i n  

a maximum in  th e  c e n tr a l / s o u th e rn  p a r t  o f th e  map where f a u l t s  a re  most 

numerous. The d ip  in  th e  Kamuiton s e c t io n  of th e  main sc a rp  approaches 

20 degrees a t  a  maximum and i t  can c le a r ly  be seen  to  decrease  southw ards 

tow ards Saimo. At th e  n o r th e rn  and so u th ern  ends r e s p e c t iv e ly  o f th e  Saimo 

and K ito  Pass f a u l t s  th e re  i s  a  d i s t i n c t  swing in  th e  s t r i k e  from th e  

g e n e ra l n o r th -so u th  d i r e c t io n  tow ards th e  f a u l t s  accompanied by an in c re a s e  

in  d ip . The K apitan  i n l i e r  o f Kamuiton P h o n o lite s  i s  formed by th e  r e l a t i v e  

u p - f a u l t in g  o f a  t r i a n g u la r  b lock  a t  th e  r ig h t - a n g le  in te r s e c t io n  o f two 

la rg e  f a u l t s .

Martyn ( o p .c i t . ,  p .l6 0 )  s t a t e s  t h a t :  'A l l  th e  o ld e r  f a u l t in g  o f th e  

d ip -s lo p e  re g io n  i s  superim posed on a g e n tle  upwarp which cu lm in a tes  in  th e  

n o rth  o f th e  a re a  . . . .  The o v e r a l l  u p l i f t  i s  o f th e  o rd e r o f  2 ,000  f e e t .

I t s  cu lm in a tio n  c o in c id e s  w ith  th e  Saimo H orst to  th e  e a s t  . . . . ' .  Wlien 

M arty n 's  map and th e  sou th -w est co rn e r o f th e  p re se n t map a re  examined 

in  d e t a i l  th e re  i s  found to  be p o s i t iv e  ev idence a g a in s t  t h i s  i n t e r p r e ta t io n :  

th e  base o f th e  Ew alel P h o n o lite s  i s  a t  about th e  same le v e l  a t  Kapchomuswo
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(3  m ile s  n o r th  o f K ab arn e t), Kapkiamu and Poi a long  a NNE-SSW l i n e ,  17 

m iles  in  le n g th . The o v e rs te p  o f K abarnet T rach y tes  on to  th e  Ngorora 

Form ation ( 'P o i*  and 'Kapkiamu' fo rm atio n s  o f Martyn) occu rs  m ostly  w e ll 

down th e  d ip -s lo p e  and i s  th e  r e s u l t  o f p re -K abarnet f a u l t in g ,  p a r t i c u la r ly  

on th e  group o f n o r th -so u th  f a u l t s  runn ing  th rough  K aption , and subsequent 

e ro s io n . However, th e  o v e rs te p  o f t r a c h y te  on to  th e  sh a ley  low er l i th o lo g y  

( ' Kapkiamu s h a le s ')  o f th e  Ngorora west o f Chappen on th e  p re se n t map i s  

g en u in e ly  caused by f le x u re  but o f a much more lo c a l  n a tu re  th an  th a t  

env isaged  by M artyn: th e  base o f th e  K abarnet T rach y tes  i s  a t  th e  same 

a l t i t u d e  on e i th e r  s id e  o f th e  Poi embayment but th e  base o f th e  'P o i  

tu ffa c e o u s  san d s to n e s ' r i s e s  by 700  f e e t  in  th re e  m iles  a long a n o r th -  

sou th  l in e  from n ear Poi to  th e  Chepkusum R iv er on th e  w r i t e r 's  map; th e  

re g io n a l  d ip  in  t h i s  a re a  i s  v e ry  s l ig h t  but sou th -w est d ip s  were reco rd ed  

in  th e  f i e l d .  T h is  lo c a l  upwarping i s  b e lie v e d  to  be a s s o c ia te d  w ith  a 

n o rth -w es t tre n d in g  f a u l t  concealed  beneath  th e  t r a c h y te s  o f th e  so u th ern  

Rirao p la te a u .  T his f a u l t  i s  a  n ecessa ry  p o s tu la te  to  e x p la in  th e  ra p id  

change from th e  n ea r h o r iz o n ta l  low er Ngorora sed im ents west o f Chappen 

to  th e  f a u l te d  and t i l t e d  Ew alel P h o n o lite s  around Bartabwa.

The im portance o f t h i s  c o r re c t io n  l i e s  in  th e  em phasis i t  p la c e s  on 

th e  ap p aren t independence o f th e  Saimo f a u l t - a r c h  s t r u c tu r e  from th e  con

tem poraneous (p re -K ab arn e t) s t r u c tu r e s  o f th e  d ip -s lo p e . A lso , M arty n 's  

view o f a re g io n a l  up-warp in  t h i s  a re a  i s  in  c o n tra d ic t io n  to  th e  w r i t e r 's  

id e a  (which M artyn a c c e p ts , o p .c i t .  p .l6 2 )  th a t  th e  C h e r ia l F a u lt  was 

a c t iv e  d u ring  d e p o s it io n  o f th e  N gorora, p ro v id in g  a su b s id in g  f a u l t -  

bounded b a s in  in  which accum ulated  th e  th ic k  'Kapkiamu s h a le s ' and 'P o i  

tu ffa c e o u s  sa n d s to n e s ' o f th e  ty p e  a re a s .

With re g a rd  to  th e  C h e r ia l F a u l t ,  Martyn ( o p .c i t . ,  p . l 6 l )  su g g es ts  

th a t  i t s  maximum throw  i s  about 3000 f e e t ,  a t  R o rt. N e ith e r th e  s t r u c tu r e  

nor th e  th ic k n e ss  o f th e  Tiim P h o n o lite s  i s  known h e re  and th e  f ig u re  i s  

an e s tim a te  la r g e ly  based on th e  known th ic k n e ss  o f 3000  f e e t  in  th e se
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p h o n o lite s  on Tiim i t s e l f .  R ort i s  e q u id is ta n t  from Tiim and th e  so u th ern  

edge o f th e  w r i t e r 's  map where th e  Tiim P h o n o lite s  a re  only  2000 f e e t  th ic k .  

I t  i s  co n sid e red  th a t  th e  3OOO f e e t  maximum throw i s  th e re fo re  p robab ly  an 

o v e r-e s tim a te  by a t  l e a s t  1000 f e e t .

2 . The d ip -s lo p e

The p re se n t w este rn  s lo p e  o f th e  Kamasia Range i s  an ex ten s iv e  p la n a r  

su rfa c e  on th e  K abarnet T rach y tes  w ith  an average  s lo p e , on th e  p re se n t 

map, o f 3& degrees due w est. I t  i s  c le a r  th a t  t h i s  su rfa c e  i s  f re q u e n tly  

th e  to p  of a  s in g le  t r a c h y te  flow  from to p  to  bottom o f th e  s lo p e , V/alsh 

( 1969 , p .2 3 ) b e lie v ed  th e se  t r a c h y te s  to  have been e ru p ted  from a source 

on th e  c r e s t  of th e  Kamasia and to  have flow ed down th e  w estern  s lo p e ; 

however Martyn ( o p .c i t . ,  p p .76- 78 ) summarizes th e  p o s i t iv e  te c to n ic  and 

geomorphic evidence a g a in s t  t h i s  view and a lso  th e  n e g a tiv e  evidence o f 

th e  absence o f any observed  source  fo r  th e  la v a s  and concludes th a t  th e  

s lo p e  i s  e n t i r e ly  te c to n ic  in  o r ig in ,  i . e .  i t  i s  a t r u e  d ip -s lo p e , a s  shovai 

by S hack le to n  (1931, fig #  3)# The w r i te r  ag re e s  w ith  Martyn; b r i e f ly ,  th e  

geomorphic ev idence c o n s is ts  o f th e  d is tu rb a n c e  o f th e  d ra inage  p a t te r n  on 

th e  t r a c h y te s  by f a i r l y  re c e n t t i l t i n g  (see  P a r t  I l l d )  and on th e  Elgeyo 

Escarpm ent by ra p id  te c to n ic  deepening o f th e  K erio V a lley . The K abarnet 

T rach y tes  a re  much low er in  th e  Kamasia su cc e ss io n  th an  V/alsh r e a l iz e d  and 

have been e x te n s iv e ly  dow n-fau lted  to  th e  e a s t  o f th e  main range where t h e i r  

t o t a l  th ic k n e ss  i s  com parable to  th a t  in  th e  K erio v a l le y  on th e  w est o f th e  

ra n g e . Above a l l ,  i t  i s  u n l ik e ly  th a t  a s e r i e s  o f low v is c o s i ty  flo o d  

la v a s  cou ld  occur c o n s is te n t ly  a t  a  c e r ta in  s t r a t ig r a p h ie  l e v e l  over 700 

square  m iles  had th ey  n o t been e ru p te d  on to  an e s s e n t i a l ly  le v e l  lan d  

s u r fa c e .

The t r a c h y te s  th u s  c e r ta in ly  form a t r u e  te c to n ic  d ip -s lo p e  as f i r s t  

shown by S hack le ton  (1931, f i g .  3) who p o s tu la te d  a  curved f a u l t -p la n e  fo r  

th e  Elgeyo F a u lt  to  accommodate th e  r o ta t io n  o f th e  Kamasia 'b l o c k '.  The
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t i l t  in  th e  c e n t r a l  (Saimo) s e c tio n  o f th e  Range i s  n o t ,  however, d i r e c t ly  

r e l a t e d  to  movement on th e  main Kamasia f a u l t s  bu t th e  d ip -s lo p e  has 

dropped l i k e  a  tra p -d o o r  h inged  on a l in e  w e ll to  th e  west o f th e  w a ter

shed ( f i g s ,  2 9 , 4 3 ) and in v o lv in g  th e  Elgeyo F a u lt  a lo n e . The most s ig n i 

f ic a n t  fe a tu re  le a d in g  to  i h i s  co n c lu s io n  i s  no t th e  independence o f th e  

d ip -s lo p e  from th e  o ld e r  s t r u c tu r e s ,  as  M artyn su g g e s ts , but an ex ten s iv e  

a re a  o f h o r iz o n ta l i ty  in  th e  t r a c h y te s  where th ey  b u tt  a g a in s t  th e  w estern  

f la n k s  o f th e  summit r id g e  a t  an a l t i t u d e  o f ju s t  above 6OOO f e e t .  This 

f e a tu r e ,  named fo r  convenience th e  ’B artolim o s h e l f ’ , i s  b e s t seen  from 

K abarton jo  lo o k in g  northw ards a long  th e  ran g e , when th e  an g u la r d is c o r

dance between th e  Tugen H i l l s  Group p h o n o lite s  d ipp ing  a t  12-13 d eg rees and 

th e  h o r iz o n ta l  t r a c h y te s  i s  v e ry  s t r ik in g  ( p i ,  3 )•  On th e  p re se n t map 

a re a  th e  s h e l f  i s  re p re se n te d  in  th e  lobe  o f t r a c h y te s  between A tyar and 

Kamuiton, so u th -so u th w est o f Bartabw a. As w ell a s  th e  e a s t-w e s t h o riz o n 

t a l i t y ,  which i s  obvious in  th e  f i e l d ,  p lo t t in g  th e  a l t i t u d e  o f th e  

K abarnet T rach y tes  on a  n o r th -so u th  s e c t io n  shows th a t  between T irira io n in  

and Bartabwa ( Saimo and Muruywr on f ig u r e s  37 & 38) th e  s h e l f  d ip s  a t  l e s s  

th an  1 degree to  th e  n o r th . The w r i t e r 's  co n c lu s io n  i s  th a t  th e  B arto lim o 

s h e l f ,  24 square  m ile s  in  a re a  ( p r e -e ro s io n ) ,  has s u f fe re d  h a rd ly  any 

defo rm ation  s in c e  e x tru s io n  o f th e  t r a c h y te s  and i s  th e re fo re  a  s ta b le  

re fe re n c e  datum fo r  c o n s id e rin g  a l l  po st-K ab arn e t earth-m ovem ents in  th e  

a r e a .

N orth o f Bartabwa and sou th  o f K abarton jo  th e  s h e lf  p a sse s  in to  a re a s  

were t i l t i n g  has in v o lv ed  th e  K abarnet T rach y tes ; th e  t r a n s i t i o n  i s  shov/n 

in  th e  A tyar a re a  by th e  s te e p e n in g  o f d ip  in  th e  t r a c h y te s  e a s t  o f th e  

h o r iz o n ta l  lo b e .

The o r ig in a l  boundary o f th e  t r a c h y te  la v a  f i e l d ,  marked by th e  

in te r s e c t io n  o f th e  d ip -s lo p e s  on th e  tr a c h y te  and th e  Suraet P h o n o lite , i s  

ag a in  seen  west o f A tim et. H ere, i t s  a l t i t u d e  i s  3300 f e e t ,  but r o ta t io n  o f 

th e  Sidekh range d ip -s lo p e  a s  a  whole about an a x is  c lo se  to  th e  w atershed  

would r e s to r e  th e  t r a c h y te  to  a  h o r iz o n ta l  p o s i t io n  a t  abou t 6000 f e e t .
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S ep a ra te  ev idence fo r  th e  s t a b i l i t y  o f th e  Saimo H orst i s  seen  in  

th e  d ip s  o f th e  o ld e r  p h o n o lite s  in  th e  main sc a rp : i f ,  a s  su g g ested , th e  

h o rs t  has  n o t been t i l t e d  s in ce  th e  e x tru s io n  o f th e  K abarnet T rach y tes , 

whereas to  th e  n o rth  and sou th  th e  t r a c h y te s  have been in vo lved  in  t i l t i n g ,  

th e re  should  be a r e l a t i v e  in c re a s e  in  d ip  o f th e  Tugen H i l l s  Group ro ck s  

in  th e  l a t t e r  a re a s  when compared to  Saimo. T h is  i s  p re c is e ly  what i s  seen

in  th e  Saimo sca rp ; th e  d ip  in c re a s e s  g ra d u a lly  from 12 degrees below

Saimo summit to  20 d eg rees in  th e  Muruywr a re a  where th e  tr a c h y te  on Sum.et 

d ip s  a t  8 deg rees and southw ards from Saimo i t  in c re a s e s  more ra p id ly  to  

over 30  deg rees a t  Tiim  ( w r i t e r ’ s in te r p r e t a t i o n  o f M artyn’ s map -  i t  can 

a ls o  be c le a r ly  seen from th e  M arigat-K abarnet ro a d ) • The s t r a t ig r a p h ie  

r e la t io n s h ip s  w ith in  th e  t r a c h y te s  a ls o  sug g est s l i g h t  t i l t i n g  o f th e  d ip -  

s lo p e  and p o s s ib ly  some movement on th e  Sumet ’A’ f a u l t  d u ring  e x tru s io n  of 

th e  t r a c h y te s  ( f i g .  3 0 ) •

In  th e  map a re a  on ly  one la rg e  f a u l t  a f f e c t s  th e  t r a c h y te s  on th e  d ip -

s lo p e . T his i s  th e  K apitan  f a u l t ,  movement on which h as in c re a se d  th e

average  d ip  o f th e  t r a c h y te s  on th e  up-throw  s id e  to  6 degrees ( s e c t io n s  D-D’ . 

and, by f a u l t - d r a g ,  caused th e  lo c a l  shallow  sy n c lin e  o f th e  w estern  Rimo 

p la te a u  on th e  down-throw s id e .

The d ra inage  p a t te r n  on th e  d ip -s lo p e  p ic k s  out a number o f minor 

l in e a t io n s  o f presumed te c to n ic  o r ig in .  They seem to  be p a r a l l e l  to  th e  

two main range f a u l t  d i r e c t io n s  in  th e  sou th  but tow ards Kinyach, where 

th ey  a re  v e ry  c le a r  on a e r i a l  pho tographs, t h e i r  alignm ent changes to  WM-/- 

ESE. There i s  no o b serv ab le  d isp lacem ent on th e se  l in e a t io n s  and th ey  a re  

p o s s ib ly  m ajor j o i n t s .

In  th e  so u th  o f th e  a re a  th e  d ip -s lo p e  has a  s l i g h t  co n v ex ity , a s  

d e sc rib e d  by M artyn, but i n  th e  n o r th  th e  s lo p e  i s  p la n a r  and becomes 

concave in  th e  Kinyach a r e a .  Kinyach v i l l a g e  s tan d s  c lo se  to  th e  a x is  of 

a  shallow  sy n c lin e  p lung ing  to  th e  so u th , maximum d ip  in  th e  w este rn  lim b 

approaching  2 d e g re e s . The s t r u c tu r e  i s  though t to  be due to  a  l a r g e - s c a le
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drag  e f f e c t  on th e  Elgeyo F a u l t .  The K erio R iver flow s a t  th e  fo o t o f th e  

w estern  t r a c h y te  escarpm ent and c u ts  th rough  sp u rs  o f t r a c h y te  in  a  few 

p la c e s .  The t r a c h y te s  crop  out w ith in  one m ile o f metamorphic basement 

o u tc ro p s  n ea r K o i t i l i a l ,  th u s  r e s t r i c t i n g  th e  Elgeyo F a u lt  to  w ith in  th a t  

d is ta n c e  o f th e  fo o t o f th e  escarpm ent.

3 . The Elgeyo Escarpment

Mapping d id  n o t ex tend  beyond th e  K erio  R iver bu t a  p h o to g eo lo g ica l 

s tu d y  o f th e  Elgeyo Escarpment shows th a t  one can p r a c t i c a l l y  la y  a  r u le r  

a long  th e  sh arp  b reak  in  s lo p e  a t  th e  fo o t o f th e  escarpm ent. T h is  may 

su p p o rt th e  co n c lu s io n  from th e  evidence o f th e  d ip -s lo p e  t r a c h y te s  (above) 

th a t  th e  f a u l t  l i e s  v e ry  c lo se  to  th e  s o l id  o u tc ro p s  o f basement and th a t  

th e re  h as been r e l a t i v e l y  re c e n t movement. On th e  o th e r  hand th e  s t r a i g h t 

n e ss  may sim ply be th e  r e s u l t  o f th e  f a c t  th a t  th e  basement s t r i k e  i s

p e r f e c t ly  p a r a l l e l  to  th e  f a u l t  and d ip s  s te e p ly  tov/ards th e  v a l le y .

The s te e p  low er p a r t  o f th e  escarpm ent r i s e s  from about 4000 f e e t  to  

7000 f e e t  where g e n t le r  s lo p e s  commence on th e  p h o n o li te s .  A throw  of

about 3000  f e e t  i s  adequate  to  account fo r  th e  d ip -s lo p e  o f th e  Kamasia by

th e  ' t r a p  door* th e o ry .

4 . Sumet

( i )  West o f th e  s c a r p - f a u l t s

The tra c h y te -c a p p e d  ta b le  m ountains o f Sumet a re  both  to p o g ra p h ic a lly  

and te c t o n ic a l ly  in te rm e d ia te  in  p o s i t io n  between th e  d ip -s lo p e  and th e  

e a s te rn  f o o t h i l l s .  D ips in  bo th  th e  Tugen H i l l s  Group and th e  Kabarnet 

T rachy tes a re  s te e p e r  (20° and 8° r e s p e c t iv e ly )  th an  th e  average fo r  th e  

d ip -s lo p e  due to  th e  involvem ent w ith  m ain -scarp  po st-K ab arn e t f a u l t in g .

The so u th ern  edge o f th e  h ig h e r  mesa ( 'H ig h  Sum et') has  an a l t i t u d e  

only  a few f e e t  s h o r t o f 6000  f e e t  and i s  th u s  a t  a  comparable le v e l  to  th e  

B arto lim o s h e l f .  In  view o f th e  t i l t i n g  o f Sumet t h i s  may be co incidence  

r a th e r  th a n  an in d ic a t io n  o f s t a b i l i t y ,  but w ith  th e  B artolim o s h e lf  in
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mind th e  r e la t io n s h ip  between th e  t r a c h y te  and th e  Sumet P h o n o lite  on th e  

w este rn  edge o f th e  mesa i s  in t e r e s t i n g :  an in d en ted  r id g e  o f Sumet Phono

l i t e  f a l l s  from a 6000 fo o t peak n o rth -e a s tw a rd s  tow ards C hepkesin; th e  

tr a c h y te  b u t t s  a g a in s t  th e  e a s te rn  s lo p e  in  th e  so u th  bu t o v e r l ie s  th e  

p h o n o lite  in  th e  n o r th .  R orth  o f th e  main p h o n o lite  r id g e  th e re  i s  a  sm all 

h i l l  o f p h o n o lite  e n t i r e ly  surrounded by le v e l  t r a c h y te ,  a p p a re n tly  a  sm all 

s te p to e  in  th e  t r a c h y te  la v a  f i e l d .  The co n c lu s io n  i s  alm ost in e sc a p ab le  

th a t  th e  tr a c h y te /p h o n o li te  c o n ta c t h e re  r e p re s e n ts  th e  same 'h ig h -w a te r

m.ark' o f th e  f lo o d - la v a s  a s  t h a t  seen a t  th e  to p  o f th e  d ip -s lo p e .

In  th e  long  low er mesa ('Low Sum et') bo th  th e  K abarnet T rach y tes  and 

th e  Sumet P h o n o lite s  have a n o r th -so u th  s t r i k e  and th e  t r a c h y te  d ip s  west 

a t  over 10 d e g re e s . There i s  a sm all o u t l i e r  o f sed im ents and in d ic a t io n  

o f an o v e rly in g  second t r a c h y te  flow .

These o b se rv a tio n s  a l l  suggest th a t  a t  th e  tim e o f t h e i r  e x tru s io n  th e

t r a c h y te s  on Sumet were e f f e c t iv e ly  ' i n  f ro n t  o f ,  i . e .  to  th e  e a s t  o f , th e

main Kamasia s c a rp . The l a t t e r  wris d e c lin in g  northw ards a s  an eroded 

' gangplank ' o f  which th e  High Sumet p h o n o lite  r id g e  and s te p to e  was th e  

most n o r th e r ly  srJL ient.

C o n sid e ra tio n  of th e  f a u lt- th ro w s  su p p o rts  t h i s  in t e r p r e ta t io n :

I f  th e  Panwa F a u lt  had moved s in c e  th e  K abarnet T rachy te  i t  would have 

in c re a se d  th e  throv; on th e  n o r th - e a s te r n  p a r t  o f  th e  Sumet *B' F a u l t ,  

r e l a t i v e  to  th e  so u th -w este rn  s e c t io n  o f th a t  f a u l t .  However, th e  Sumet 

' B' F a u lt  shows th e  same d isp lacem ent ( 9OO') in  both K abarnet T rachyte  

and Tugen H i l l s  Group a long  i t s  whole le n g th .  P re-K abarnet T rachyte  move

ment on th e  Saimo F a u lt  i s  n e c e s s i ta te d  by th e  a n g u la r  unconform ity  and over

s te p  on th e  c r e s t  o f th e  ran g e ; i t  th u s  ap p ears  th a t  a t  th e  tim e o f 

e x tru s io n  o f th e  tr a c h y te  th e  Saimo and Panwa F a u l ts  ( th e  l a t t e r  in c lu d in g  

i t s  n o r th -w e s te r ly  c o n tin u a tio n  below High Sumet) were a lre a d y  w e ll developed 

w hile  bo th  Sumet *A* and Sumet ' B' la r g e ly ,  i f  no t e n t i r e ly ,  p o s t-d a te  

th e  t r a c h y te  ( f i g .  3 1 )•
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( l i )  F a u lt-d ra g

The Sumet F a u lt  sca rp  ap p ea rs , along most o f i t s  le n g th , to  have a 

fa c in g  s t r u c tu r e  o f K abarnet T rachy te  a t  i t s  fo o t ( f i g .  3 2 ) . Exposures 

in  narrow  gorges on th e  sca rp  show th a t  in  f a c t  t h i s  t r a c h y te ,  w ith  i n t e r 

c a la te d  sed im en ts , i s  d ipp ing  w est a t  about 50 degrees# A lthough th e  

a c tu a l  c o n ta c t between t r a c h y te  and th e  p h o n o lite  o f th e  sca rp  i s  n o t seen , 

mapping shows th a t  th e  p lan e  o f c o n ta c t must d ip  e a s t  a t  an ang le  o f 

between 60 and 70  d eg rees; th e  sedim ents and p h o n o lite  o f  th e  sca rp  d ip  

west a t  20 d e g re es . There i s  no doubt o f th e  te c to n ic  o r ig in  o f th e  s t r u c 

tu r e  and a f a u l t - d r a g  e f f e c t  i s  th e  most p robab le  e x p la n a tio n .

Although a c e r ta in  amount o f drag occurs  on a l l  th e  m ajor f a u l t s  th e  

extrem e developm ents o f i t  a re  r e s t r i c t e d  to  s i tu a t io n s  where th e  K abarnet 

T rach y tes  o v e rs te p  th e  o ld e r  su cce ss io n  and on th e  downthrow s id e  o f a  f a u l t  

l i e  o r can be in f e r r e d  to  l i e  on th e  Ngorora Form ation sed im en ts . I t  seems 

th a t  e i th e r  th e  r e l a t i v e  incom petence o f th e  sed im ents o r a f l a t t e n in g  o f 

th e  f a u l t  d ip  w ith in  them (se e  Lahee 1929), o r b o th , causes th e  anomalous 

defo rm ation  o f th e  o v e rly in g  tra c h y te #  In  th e  case  o f  th e  Sumet F a u lt  

s t r a t ig r a p h ie  c o n s id e ra tio n s  show th a t  most o f th e  movement i s  p o s t-  

K abarnet T rach y tes  and on th e  upthrow s id e  th e  tr a c h y te  l i e s  on th e  1200 

fo o t ty p e - s e c t io n  o f th e  N gorora Form ation#

The d is c o n t in u i ty  o f th e  fa u lt-d ra g g e d  t r a c h y te  a long  th e  f a u l t  can 

be e x p la in ed  by assum ption  o f some movement on th e  e a s te rn  p a r t  o f th e  

Sumet *B' F a u lt  b e fo re  e x tru s io n  o f th e  t r a c h y te .  Such movement would d is 

p la ce  th e  o u tc ro p s  on th e  sub-fCabarnet su rfa c e  and subsequent ob liq u e  

t r a n s e c t io n  o f th e  o f f s e t  o u tc ro p s  by th e  Sumet * A' F a u lt  ( f i g .  31) would, 

i f  th e  c o r r e la t io n  between f a u l t - d r a g  and tr a c h y te  o v e rs te p  on to  sedim ents 

i s  c o r r e c t ,  have th e  observed  e f fe c t#  Thus, sou th  o f th e  Chernagin R iv er 

th e  t r a c h y te  on th e  Sumet 'A* f a u l t - l i n e  would have overstepped  as  f a r  a s  

th e  Kamuiton P h o n o lite  and th e re  would be no drag# South o f th e  Sumet 'B* 

F a u lt th e  ab ru p t re -ap p ea ran ce  o f fa u lt-d ra g g e d  tra c h y te  may be caused by
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th e  a b ru p t appearance o f Ngorora sed im ents beneath  th e  t ra c h y te  a s  th e  

Sumet F a u lt  c ro s se s  th e  Sumet 'B ’ F a u l t .

Southwards th e  f a u l t - d r a g  e f f e c t  d ie s  out as  th e  Sumet ’A* F a u lt  

swings westwards a c ro ss  th e  s t r i k e ,  a s  one would expect on th e  above hypo

th e s is *  Northwards th e  f a u l t - d r a g  tra c h y te  p a sse s  in to  th e  tra c h y te  on 

th e  upthrow s id e  o f th e  f a u l t  w ith  no break*

F ollow ing t h i s  same K abarnet T rach y tes  o u tcrop  southw ards a long  th e  

so u th ern  end o f th e  K ite  Pass F a u lt  an o th e r i n t e r e s t in g  example o f f a u l t -  

drag occu rs  in  th e  Mokongho a re a  v/here i t  forms th e  'G angplank’ • Here 

th e  re g io n a l  w e s te r ly  d ip  o f th e  t r a c h y te  i s  re v e rse d  a s  i t  i s  dragged on 

th e  f a u l t  to  form a  sm all n e a r ly  sym m etrical s y n c lin e , w e ll expressed  topo

g ra p h ic a lly *  Tlie obvious drag  i s  th u s  r e l a t e d  to  p o st-K abarne t movement, 

a s  on th e  Sumet F a u l t ;  however mapping re v e a le d  in  th e  u n d e rly in g  Sumet and 

Ngorora fo rm atio n s  a  s im ila r  but more pronounced s t r u c tu r e  th e  lim bs o f 

which a re  overstepped  by th e  K abarnet tra c h y te *  In  t h i s  case  p re-K abarnet 

movement caused Sumet H io n o lite , o v e rly in g  th ic k  sed im en ts , to  drag on th e  

f a u l t  * The r e s u l t in g  s t r u c tu r e  was th en  p laned  o f f  b e fo re  th e  a r r i v a l  o f 

th e  t r a c h y te  and th e  l a t e r  phase o f f a u l t  movement*

O ther f a u l t - d r a g  e f f e c t s  a re  seen  on th e  Saimo F a u l t ,  where K aparaina 

b a s a l t s  and sed im ents d ip  s te e p ly  eastw ards n ea r th e  f a u l t ,  on th e  K apitan  

f a u l t  and around th e  u p - fa u lte d  i n l i e r s  o f K abarnet T rachy tes in  th e  

e a s te rn  f o o th i l l s *  The Kinyach sy n c lin e  may a ls o ,  a s  su g g ested , be due to  

f a u l t - d r a g  on th e  Elgeyo F a u l t ;  in  t h i s  a re a  th e  tra c h y te  a lso  l i e s  d i r e c t ly  

on th e  N gorora Form ation a t  th e  extrem e n o rth -w es t o f th e  map*

5* E a s te rn  f o o t - h i l l s  -  th e  fau lt-d o m es and f a u l t - a r c h e s

In  th e  f o o t - h i l l s ,  on th e  e a s te rn  h a l f  o f th e  map, f a u l t in g  i s  con

c e n tr a te d  in  a  b e l t  o f  co u n try  f iv e  m iles  wide c h a ra c te r is e d  by 'dome and 

b a s in ' s t r u c tu r e s  o f th e  ty p e  in tro d u ce d  by Martyn (o p * c it* , p p .176-177)•

To th e  west o f t h i s  b e l t  f a u l t in g  i s  co nsp icuously  ab sen t in  a  broad a re a
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a t  th e  fo o t o f th e  main s c a rp . Exposure i s  good in  t h i s  a re a  and s t r u c tu r e  

i s  a ls o  c le a r  on a e r i a l  pho tographs; th e re  i s  no p o s s ib i l i t y  th a t  any but 

v e ry  minor f r a c tu r e s  have been overlooked . To th e  e a s t  o f th e  f a u l t - b e l t ,  

on th e  o th e r  hand, i t  i s  q u ite  p o s s ib le  t h a t  f a u l t s  were m issed in  th e  

o u tc ro p  o f th e  K aparaina B a sa lts  n ea r th e  Burususwa R iv e r.

The f a u l t - b e l t  a ls o  app rox im ate ly  d e f in e s  th e  c r e s t  o f an a n t i c l i n a l  

s t r u c tu r e  which i s ,  in  e f f e c t ,  a  c o n tin u a tio n  o f th e  'K ap ara in a  U p lif t  

Zone' o f M artyn ( o p .c i t . ,  p p .175-176). A la rg e  component o f d ip  in  th e  

s t r u c tu r e  i s  a  r e s u l t  o f th e  t i l t i n g  o f f a u l t - b lo c k s ,  a s  d e sc rib e d  by 

M artyn, but th a t  some o f  i t  i s  genuine f le x u re  i s  w e ll shown in  th e  h i l l -  

mass o f Chepuromoi: h e re  n e a r ly  h o r iz o n ta l  la v a s  form th e  w estern  and 

c e n t r a l  p a r t s  o f th e  h i l l  w hile  f e a tu re s  formed by th in  b a s a l t s  and one

th in  t r a c h y te  a re  seen  to  be d ipp ing  e a s t  a t  in c re a s in g  a n g le s , up to  10

d eg rees , down th e  e a s te rn  s id e .  When viewed from some d is ta n c e  to  n o r th  o r

sou th  t h i s  g e n tle  f le x u re  i s  ex trem ely  c le a r .

D ips in  both  lim bs o f th e  f le x u re  reach  a maximum o f 12-15 deg rees 

( a t  Y atya, p la te  11 , and Kamsoror nuar Chesoton) and a re  th u s  com parable 

vd_th th e  d ip s  o f th e  o ld e r  su cc e ss io n  on th e  main ra n g e . These a re  

measurements on K abarnet and K aparaina fo rm atio n s  -  d ip s  in  younger ro ck s  

a re  in v a r ia b ly  l e s s ,  ag a in  in v i t in g  com parison w ith  th e  main ra n g e .

In  a narrow  b e l t  a long  th e  a x is  o f th e  f le x u re  th e re  i s  no e a s t-w e s t 

d ip  component and e a s t-w e s t s e c t io n s  show a p p a re n tly  h o r iz o n ta l  h o r s ts  and 

g raben  ( s e c t io n s  B -B ',C -C ') .  However, th e  s t r u c tu r e s  in  t h i s  b e l t  have a 

pronounced n o r th -so u th  p lunge, i . e .  f le x u re s  on e a s t-w e s t axes (se c tio n sF -F *  ,G- 

e ro s io n  o f which h as caused  th e  s e r i e s  o f K abarnet i n l i e r s  along i t s  le n g th ; 

th e  s t r u c tu r e  o f th e se  i n l i e r s  i s  d iscu ssed  in  g r e a te r  d e t a i l  below . N orth 

o f Kokwomur th e  g e n e ra l p a t te r n  i s  m odified  by l a t e r  westward b lo c k - t i l t i n g  

to  th e  e a s t  o f th e  a x ia l  l i n e ,  in  th e  re g io n  o f K eriw a.

An id e a l  'norm al* f a u l t  has f i n i t e  le n g th , th e  throw being  zero  a t  th e  

ends and a t  a  maximum somewhere in  betw een. S t r a t a  on th e  up-throw  s id e
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w i l l  th u s  form a  'h a lf-d o m e ' (de S o u tte r  1964, p .123) w ith  a  complementary 

'h a l f - b a s in '  on th e  down-throw s id e .  Such id e a l  s t r u c tu r e s  appear to  be 

b e s t known from o i l - f i e l d s ,  in  weakly deformed s t r a t a  where th e re  i s  abun

dan t q u a n t i ta t iv e  ev idence o f s t r u c tu r a l  morphology (S helby  1931). lu  th e  

p re se n t a re a  t h i s  ty p e  o f s t r u c tu r e  i s  e x c e p tio n a lly  w e ll developed and i s  

obvious from f i e l d  mapping as  w e ll a s  being  to p o g ra p h ic a l ly  ex p re ssed . The 

s t r u c tu r e  o f th e  th re e  main K abarnet T rachyte  i n l i e r s  i s  shown in  s im p li

f ie d  b lock-d iag ram s ( f i g .  3 4 ) .

( i ) Yatya

T his  s t r u c tu r e  b e s t  conforms to  th e  id e a l  half-dom e tru n c a te d  by a 

f a u l t .  In  f a c t  th e  Yatya s t r u c tu r e  i s  bounded by two f a u l t s  but th e  f a u l t  

c ro s s in g  th e  r i v e r  im m ediately  e a s t  o f th e  v i l l a g e  i s  th e  la r g e r  o f th e  

two, w ith  a maximum throw  o f a t  l e a s t  900 f e e t ;  Sumet P h o n o lite  i s  exposed 

on th e  up-tlirow  s id e , th e  on ly  i n l i e r  o f th e  Tugen H i l l s  Group e a s t  o f th e  

main Kamasia sca rp  in  t l i i s  a r e a .  The s t r u c tu r a l  co n to u rs  c le a r ly  show th e  

h a lf-d o n e  which h as  been a cc e n tu a te d  a t  th e  cu lm in a tio n  n ea r th e  v i l la g e  

where t r a c h y te  i s  seen  d ipp ing  sou th -w est a t  43 degrees on th e  h i l l  above 

th e  dukas. The average d ip  i s  however in  th e  o rd e r o f 10-12 degrees in  

d i r e c t io n s  between so u th -w est and n o r th -w e s t. S ince no s t r u c tu r e  i s  seen 

w ith in  th e  p h o n o lite  o u tcrop  i t  i s  no t p o s s ib le  to  say w hether th e re  was 

t i l t i n g  o f th e  o ld e r  ro ck s  b e fo re  th e  e x tru s io n  o f th e  K abarnet T rachyte  

a s  on th e  main ra n g e .

The Lulceino Member and th e  b a s a l t s  o f th e  K aparaina Form ation a re  b road ly  

conform able w ith  th e  K abarnet Form ation but mapping shows th a t  th e re  was 

c e r ta in ly  some minor f a u l t in g  o f th e  l a t t e r  p r io r  to  th e  d e p o s it io n  of th e  

Lukeino Member.

I t  i s  a ls o  ap p aren t th a t  th e  half-dom e s t r u c tu r e  has been m odified  by 

c o lla p se  o f th e  n o r th e rn  and so u th ern  f la n k s  a long  ESE-V/NW f a u l t s  perpen

d ic u la r  to  th e  main boundary f a u l t .  Thus th e  tro u g h  d e fin ed  by th e  long 

c l i f f  n o rth  o f  Rurmoch and th e  escarpm ent n o rth  o f K asigoryan re p re s e n ts  fe.



/
/
\

(a )  F a u l t  h a l f -  dom e e.g. Y a ty a

( b )  F a u l t - a r c h  e.g.  T e g i t

( c )  F r a c t u r e d  f a u l t  —a r c h  e .g .  Kokwomur

FIG. 3 4  T Y P E S  O F  M I N O R  FAULT FLEXURE
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r e v e r s a l  o f s t r u c tu r a l  r e l i e f #  The K aparaina o u t l i e r  o f Rurmoch occup ies 

a  s l ig h t  sag on th e  so u th ern  f la n k  o f th e  half-dom e#

S tru c tu re s  around C hoparain on th e  so u th ern  edge o f th e  map a re  

ex trem ely  complex, w ith  th e  b i f u r c a t io n  o f th e  two Yatya f a u l t s  producing 

s e p a ra te  h o r s ts  o f t r a c h y te  between o u tc ro p s  o f K apara ina , J u s t  sou th  of 

th e  b o rder of th e  map one o f th e  w estern  f a u l t s  o f t h i s  group produces an 

i d e a l  h a lf-d o n e  on ly  one m ile in  d iam eter (M arty n ,o p .c i t . ,  p*176); th e  same 

f a u l t  co n tin u es  southw ards to  a  ju n c tio n  w ith  th e  Saimo F a u l t .

U n fo rtu n a te ly  s t r u c tu r e s  on th e  downthrow s id e  o f th e  Yatya F a u lt  

a re  no t c le a r  but th e re  i s  a  g e n e ra l d ip  to  th e  west in  th e  b a s a l t s .  South

e a s t  o f Yatya a long  w hale-back h o rs t  o f K abarnet t r a c h y te  co n tin u es  to  th e

sou th  o f th e  map and in  th e  n o rth  p lunges beneath  th e  a lluv ium  of th e  Yatya 

r i v e r ;  th e re  apjDears to  be no e a s t-w e s t d ip  in  th e  h o rs t  bu t b a s a l t s  to  th e  

e a s t  o f i t  a re  seen in  r i v e r  s e c t io n s  to  d ip  g e n tly  to  th e  east#

( i i )  T eg it and Cherdrim or

T his double s t r u c tu r e  i s  d e fin ed  in  e a s t  and west by f a u l t s  but th e  

t r a c h y te  p lunges beneath  b a s a l t s  and Lukeino Member a t  th e  n o rth  and south  

ends o f th e  i n l i e r #  Tlie s t r u c tu r e  i s  c le a r e s t  in  T e g it where i t  i s  p e r

f e c t ly  ex p ressed  in  th e  topography (p i#  I4 ) .  The view o f T eg it and th e  

o th e r  i n l i e r s  from th e  Sumet sca rp  le d  th e  w r i te r  to  compare them to  a 

schoo l of w hales su r fa c in g  in  a  choppy sea  (o f  eroded b a s a l t s ) .  The e a s t  

and w est m argins a re  n e a r - v e r t i c a l  f a u l t  sc a rp s  between which th e  a rch  i s  

p r a c t i c a l l y  c o n c e n tr ic , th e  s te e p e s t  p lunge , of 10-12 d eg rees , o ccu rrin g  a t  

th e  n o r th  and sou th  en d s. S teep  d ip s  do however a ls o  occur in  th e  f la n k in g  

sed im en ts on th e  w este rn  s id e ;  t h i s  i s  p robab ly  due to  f a u l t - d r a g .  The 

T eg it a rch  i s  judged to  have no e a s t-w e s t d ip  component bu t th e  C hepirim or

s e c t io n  has a s l ig h t  d ip  to  th e  west*

( i  i i ) Kokwomur

T his  i s  th e  most s p e c ta c u la r  o f th e  th re e  main s t r u c tu r e s  ( p i .  12 ) 

and th e  most complex# The in te r p r e te d  s t r u c tu r e  i s  ex p la in ed  in  f ig u re  35*



( a )  From the  s o u t h - w e s t

3 miles

( b )  From th e  s o u t h - e a s t

FIG.  35 S T R U C T U R E  O F  T H E  K O K W O M U R - K I S ! T E I  FAULT- 

A RCH ES
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There i s  no d i r e c t  ev idence th a t  th e  ESE-WNW f a u l t  a t  th e  so u th ern  end i s  

in  f a c t  a  re v e rse  f a u l t ;  i t  i s  in f e r r e d  to  be so f i r s t l y  because th e  

Kokwomur mass i s  an anomalous te c to n ic  'h ig h ' compared to  th e  surround ing  

t e r r a i n  and sucondly a  re v e rse  f a u l t  i s  more com patib le  w ith  th e  in f e r r e d  

s t r e s s  f i e l d  o f th e  f a u l t  a rc h es  (see  P a rt I l ( e ) 3 ) *

The c r e s t  o f th e  Kokwomur b lock  d ip s  even ly  northw ards a t  5 degrees 

fo r  600 y a rd s  b e fo re  th e  d ip  s teep en s  a b ru p tly  n ea r K i s i t e i  where Lukeino 

Member sed im ents on th e  p la in  d ip  a t  up to  yO deg rees away from th e  tra c h y te #  

Thu rem ainder o f th e  tra c h y te  i n l i e r  i s  more subdued in  r e l i e f  and i s  

bounded by a  MÎÎV/-SSE f a u l t  on i t s  w este rn  side#  Again from topo g rap h ic  

ev idence , th e  main a re a  o f th e  K abarnet i n l i e r  has a  f a i r l y  shallow  d ip  to  

th e  NNE ( f ig #  35) bu t a t  Mpe s id a , th e  ty p e  s e c t io n  in  th e  Mpesida f a c ie s  

sed im ents shows northw ard d ip s  o f up to  43 degrees#

( iv  ) i-lukur

The Mukur o u tc ro p  on th e  n o rth e rn  edge o f th e  map i s  th e  so u th ern  end 

o f a  long  escarpm ent o f K abarnet T rachy te  ex tend ing  fo r  fo u r m iles  to  th e  

n o rth  b e fo re  th e  o u tc ro p  cu rv es  west to  meet th e  K ito  Pass F a u lt  (McClenaghan 

o p .c i t . ) #  On th e  w estern  s id e  o f th e  tra c h y te  r id g e  th e  Kaperyon F orm ation , 

in  th e  ty p e  a re a , o v e r l ie s  th e  t r a c h y te  and d ip s  to  th e  west a t  up to  10 

degrees# From topography , th e  tr a c h y te  a ls o  ap p ears  to  d ip  w est bu t more 

s te e p ly ;  exposures in  th e  Mukur gorge show d ip s  up to  90 degrees in  t r a c h y te s  

and in te r c a l a te d  sedim ents# E ast o f th e  gorge th e  Cheptopokwa R iver s e c tio n  

exposes s tro n g ly  f a u l te d  b a s a l t s .  P hoto-geology s tro n g ly  su g g es ts  th a t  

n ea r th e  mouth o f th e  Mukur gorge some o f th e  b a s a l t s  d ip  s te e p ly  west and 

pass underneath  th e  tr a c h y te  but th e  c o n ta c t i s  no t exposed in  th e  f i e l d .

The w r i t e r 's  s t r u c tu r a l  in t e r p r e t a t i o n  of th e  a re a  i s  shown in  

f ig u re  36 . The d i f f e r in g  a t t i t u d e s  and a l t i t u d e s  o f th e  Kaperyon ou tcrops 

re q u ire  a f a u l t  to  th e  e a s t  o f th e  Mukur gorge, a  c o n tin u a tio n  o f which 

( th e  f a u l t )  i s  concealed  beneath  th e  Ribon T rach y te ; th e  d i f f e r in g  sub

s t r a t a  o f th e  Kaperyon re q u ire  an unconform ity  exp ressed  a s  e i th e r  sim ple



( a )  After McCl cnogh on ,  CPhD thesis  In prep.^ grid l ine 130

H'

( b )  By present o u t h o r , grid line 105 .

S C ^ ir  /  SO,0 0 0  vertical exaggeration x2

Ribon Trachyte 

Yepkorot Doleri te 

Kaperyon Formation 

Koparo ino  B a s o l t s  

Kobarne t  Trachytes

b a s o l t s  CBorpello b a s a l t s  of M c C l e n o g h o n )

FIG. 36  TWO INTERPRETATIONS O F  THE MUKUR AREA



96

o v e rs te p  o f o ld e r  t i l t e d  ro ck s  w ith  n e g l ig ib le  p rev io u s  f a u l t in g  o r over

s te p  o f a  f a u l t - r e p e a te d  su c c e ss io n . The f i r s t  e x p lan a tio n  i s  favoured  by 

McClenaghan ( o p . c i t . )  who i n t e r p r e t s  a l l  th e  b a s a l t s  to  th e  e a s t  o f Mukur 

a s  o ld e r  th an  th e  K abarnet T rach y tes  -  th e se  a re  th e  B arp e llo  B a sa lts  o f 

McClenaghan. The w r i te r  h o ld s  th e  second view and has napped on ly  th e  

b a s a l t s  in  th e  mouth of th e  gorge a s  o ld e r  th an  th e  Kabarnet T rach y tes , on 

th e  west o f th e  p o s tu la te d  f a u l t ,  and th e  rem ainder as K aparaina B a s a lts .

The d i f f e r in g  in te r p r e ta t io n s  a re  shown in  f ig u re  3 6 .

The w r i te r  th u s  see s  th e  s i tu a t io n  as  c lo s e ly  analogous to  th a t  a t  

Y atya, w ith  th e  s u b s t i tu t io n  o f b a s a l t  fo r  p h o n o lite  and th e  a d d it io n  o f a  

cover o f Kaperyon sed im ents on th e  w estern  f la n k  of th e  s t r u c tu r e .  The 

c h ie f  o b je c t io n  to  t h i s  h y p o th e s is  appears  to  be th a t  th e re  i s  no p o s i t iv e  

ev idence o f th e  e x is te n c e  o f a  la rg e  f a u l t  ( n e i th e r  i s  th e re  a t  Y atya), and 

th a t  a t  th e  n o rth e rn  end o f th e  K abarnet o u tc rop  n ea r th e  Chepanda R iver 

(McClenaghan o p . c i t . )  th e  f a u l t  system i s  d i f f i c u l t  to  v i s u a l i z e .  On th e  

o th e r  head th e  o b je c t io n s  to  M cClenaghan's h y p o th e s is  a re  many but th e  c h ie f  

a re  two; th e  suggested  s t r u c tu r e  i s  in co m p atib le  w ith  th a t  mapped to  th e  

sou th  and th e  n e ce ssa ry  sca rp  r e t r e a t  and p la n a tio n  o f a t  l e a s t  two t r a c 

h y te s  p lu s  sed im ents b e fo re  Kaperyon sed im en ta tio n  i s  f a r  g r e a te r  th an  any 

observed  e lsew here , even on th e  main ra n g e .

In  summary; th e  K aparaina U p lif t  Zone o f Martyn i s  con tinued  northw ards 

a s  a  f a u l te d  a n t i c l i n a l  s t r u c tu r e  where i t s  a x is  i s  c h a ra c te r is e d  by f a u l t -  

bounded f le x u re s  o f th e  ty p e  d e sc rib e d  by Martyn in  h i s  'Dome and B asin 

P ro v in c e '.  The two 'p ro v in c e s ' a re  th u s  im p o ssib le  to  s e p a ra te  in  th e  

p re se n t a r e a .  Tlie c r e s t  o f th e  f le x u re  i s  re la y e d  by 'e n  ech e lo n ' NKE-SSV/ 

f a u l t s  so th a t  i t  ru n s  p a r a l l e l  to  th e  main Kamasia Range which i s  a lso  

o b liq u e  to  th e  f a u l t  t r e n d .  N orth o f th e  p re se n t map th e  f le x u re , a s  a 

s tro n g ly  f a u l te d  f e a tu r e ,  d isa p p e a rs  beneath  th e  Ribkwo t r a c h y t ic  p i le  

(McClenaghan o p . c i t . ,  Webb o p . c i t . )  bu t i t  i s  p robab le  th a t  a t  l e a s t  th e  

e a s te rn  flanlc o f Ribkwo i s  p a r t ly  a te c to n ic  s lo p e  r e la te d  to  th e  same 

g e n e ra l s t r u c tu r e .
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6 . Loyamarok

The few f a u l t s  shown on th e  Loyamarok p la te a u  a re  c e r ta in ly  th e  only  

f r a c tu r e s  p re se n t and in  term s o f throw , which i s  l e s s  th an  20 fe e t  in  

in d iv id u a l  c a se s , even th o se  a re  r e l a t i v e l y  i n s ig n i f i c a n t .  The f a u l t -  

sc.arps a re  v i r t u a l l y  untouched by e ro s io n  and have narrow  g u l l i e s  a t  t h e i r  

f e e t ;  th e se  ra v in e  f e a tu re s  a re  su g g ested  by Martyn ( o p . c i t . ,  p .179) to  

be c o lla p se d  te n s io n  f i s s u r e s  by analogy  w ith  s im ila r  f e a tu re s  in  Ic e la n d  

(N e ilsen  1929i Bodvarsson and Walker 1964). A sp u rio u s  im p ressio n  of 

s t r i k e - s l i p  movement i s  g iven  by th e  ap p aren t l a t e r a l  o f f - s e t t i n g  o f 

stream  co u rses  by th e se  f a u l t s ;  in  f a c t ,  bo th  r i g h t - l a t e r a l  and l e f t -  

l a t e r a l  'd isp la c e m e n ts ' can be seen on th e  same f a u l t  and th e  e f f e c t  i s  due 

sim ply to  d i f f e r e n t i a l  stream  e ro s io n  a long  th e  f a u l t s .  A lthough th e  

Loyamarok f a u l t s  o b v io u sly  belong to  M artyn 's  'zone  o f L ate  P le is to c e n e  

to  Recent f a u l t in g ' th e y  a re  not n e a r ly  a s  c lo s e ly  spaced a s  th o se  around 

Lake B aringo and i t  seems th a t  th e  e a s te rn  edge o f th e  p re se n t map i s  th e  

approxim ate w estern  l im i t  o f th e  in te n s e  Q uaternary  f a u l t - b e l t  o f th e  

c e n tre  o f th e  R i f t .

I t  i s  u n c e r ta in  w hether th e  e a s te r ly  s lo p e  o f th e  Loyamarok H i l l s  i s  

an o r ig in a l  f e a tu re  o r w hether i t  i s  of te c to n ic  o r ig in .  However th e  

g e n e ra l s lo p e  o f th e  'N ginyang s u r fa c e ' (P a r t  I l l b )  on which th e  la v a  

was ex tru d ed  i s  c e r ta in ly  l e s s  th an  th e  s lope  o f th e  la v a  su rfa c e  ( l ° )  and 

probab ly  an o r ig in a l  s lo p e  o f th e  la v a  su rfa c e  away from i t s  source has been 

augmented by subsequent t i l t i n g .

(e )  Mechanisms

1 . In tro d u c tio n

D eform ation in  th e  Kamasia i s  c h ie f ly  by d ip - s l ip  movements on h ig h -  

ang le  f a u l t - p la n e s ;  nowhere i s  th e re  seen any s ig n i f ic a n t  s t r i k e - s l i p  

component (b u t see M artyn, o p . c i t .  p p .l6 7 ,1 7 0 ) . These a re  r a r e ly  sim ple
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g ra v i ty  d isp lacem en ts  but in v o lv e  a c o n s id e ra b le  degree o f r o ta t io n  of 

both  s t r a t a  and f a u l t - p la n e s ,  g iv in g  r i s e  to  what ap pears  in  e a s t-w e s t

s e c t io n s  to  be a  ' t i l t - b l o c k '  system . As a broad g e n e r a l is a t io n  th e

Range a s  a  whole can be though t o f a s  a b lock  r o ta te d  between th e  Elgeyo 

F a u lt  and th e  Kamasia sca rp  f a u l t s ,  but th e  dow n-fau lted  e a s te rn  f o o t h i l l s  

must a lso  be co n sid e red  p a r t  o f th e  same b e l t  o f p o s i t iv e  te c to n ic  r e l i e f .  

The n o r th -so u th  plunge o f th e  m ajor s t r u c tu r e s  i s  a s s o c ia te d  w ith  th e  

'e n  ech e lo n ' arrangem ent o f th e  la rg e  f a u l t s .

Normal f a u l t s  a re  u s u a lly  assumed to  have s te e p , but no t v e r t i c a l ,

d ip s  but i t  seems th a t  in  th e  Kamasia th e  m a jo rity  o f th e  la rg e  f a u l t s

o r ig in a te d  a s  v e r t i c a l  f r a c tu r e s ,  t h e i r  p re se n t in c l in a t io n  being th e  

r e s u l t  o f r o ta t io n ;  Martyn ( o p . c i t .  p .l6 8 )  has su g gested  th a t  in  a p i l e  

o f la y e re d  ro ck s  c o n s is t in g  la r g e ly  o f com petent la v a s  a  h o r iz o n ta l  te n -  

s io n a l  s t r e s s  w i l l  r e s u l t  i n i t i a l l y  in  v e r t i c a l  f r a c tu r e s  r a th e r  th an  in  

co n ju g ate  sh ea r s e t s .  T his i s  in  p a r t i c u la r  more l i k e l y  to  occur a t  shallow  

dep ths and on th e  s u r fa c e . There i s  no ev idence o f  th e  behaviour of th e  

f a u l t - p la n e s  a t  depth  but in  th e  case  o f ' t i l t - b l o c k *  geom etry i t  can be 

p o s tu la te d  th a t  th e  f a u l t - d ip s  s tee p e n  w ith  dep th , e x ten s io n  due to  

f a u l t in g  g ra d u a lly  being  re p la c e d  by p la s t i c  flow ; i f  th e  te n s io n  i s  p ro

duced by la r g e - s c a le  c r u s ta l  a rc h in g  th en  th e  te n s io n a l  s t r e s s  w i l l  de

c re a se  downwards in  any case  -  a  s i tu a t io n  i l l u s t r a t e d  by C lo o s 's  c lay  

model on an in f l a t e d  b a llo o n  (C loos 19^0), d e sc rib e d  below. On th e  o th e r 

hand i t  i s  co n ce iv ab le  t h a t  s u p e r f i c i a l  v e r t i c a l  f r a c tu r e s  a re  com ple tely  

re p la c e d  a t  depth  by co n ju g ate  sh ea r s e t s .  There a re  in  f a c t  s tro n g  in 

d ic a t io n s  t h a t  th e  f a u l t in g  observed in  th e  C ainozoic ro ck s  may in  some 

case s  be a n t i t h e t i c  to  l a r g e r  f r a c tu r e s  in  th e  basement and th a t  basement 

f a u l t s  may be c o n s id e ra b ly  m odified  when tra n s m itte d  upwards th rough  th e  

younger ro c k s . Such m o d if ic a tio n  may w e ll in c lu d e  th e  f l a t t e n in g  o f f a u l t -  

d ip s  in  th e  l e s s  com petent sed im entary  fo rm a tio n s , a s ,d e s c r ib e d  by Lahee 

(1929 ) ,  which cou ld  be a  m ajor f a c to r  in  th e  o r ig in  o f th e  prom inent
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f a u l t - d r a g  s t r u c tu r e s  o f th e  a re a .

The e a s t-w e s t s t r a t a l  e x ten s io n  due to  f a u l t in g  and r o ta t io n  has  been 

c a lc u la te d  as approx im ate ly  300 m. over a d is ta n c e  o f 35 km., o r l e s s  th an  

one per o o n t. T h is , however, i s  a  minimum f ig u re  s in c e  i t  i s  based on 

observed throw on ly ; re ju v e n a tio n  o f f a u l t s  was a  common fe a tu re  in  th e  

te c to n ic  h is to r y  and i t  i s  p o s s ib le  th a t  f a r  g re a te r  d isp lacem en ts  occur 

a t  dep th , p a r t i c u la r ly  in  th e  e a s t  of th e  a re a  where th e  o ld e r  su ccess io n  

i s  co n cea led . Again, th e  b a s ic  assum ption i s  made th a t  th e  f a u l t s  o r ig i 

n a ted  a s  v e r t i c a l  f r a c tu r e s  p e rp e n d icu la r  to  bedding, d isp lacem ent being  

caused by r o ta t io n  or * b l o c k - t i l t i n g ’ . I f  in  f a c t  th e  i n i t i a l  f r a c tu r e s  

wore no t v e r t i c a l  th e  subsequent e x ten s io n  would be co n sid e ra b ly  g re a te r  

th an  su g g es ted . However, even a llo w in g  fo r  th e se  p o s s i b i l i t i e s  th e  t o t a l  

e x ten s io n  i s  u n lik e ly  to  exceed 1 km. a t  a generous e s tim a te . Tlie sum 

e f f e c t  o f b lock  t i l t i n g  was lik e n e d  by Martyn to  th e  le a n in g  o f books on 

a s h e l f  but such an analogy on ly  s u f f ic e s  in  two d im entions o r in  

s i tu a t io n s  where b lo ck s  a re  co n v en ien tly  s e p a ra te d  from one an o th er along 

s t r i k e  by c r o s s - f a u l t s .  In  th e  Kamasia, however, i t  i s  more a c c u ra te  to  

speak o f t i l t e d  s t r i p s  w ith  pronounced n o r th -so u th  plunge between 'e n  

echelon* f a u l t s ;  such a  p a t te r n  can be ex p la in ed  by a u n if ie d  th e o ry  o f 

defo rm ation  o f th e  a r e a .

2 . Models

( i )  C lay and paper models

In  an a ttem p t to  reproduce  in  model form th e  half-dom es and f a u l t -  

a rch es  o f th e  e a s te rn  f o o t h i l l s  th e  w r i te r  made 'e n  ech e lo n ' c u ts  in  

c a r t r id g e  paper and a p p lie d  sim ple te n s io n  a t  r ig h t  an g le s  to  th e  c u ts ;  

a rch in g  occu rred  on axes p a r a l l e l  to  th e  te n s io n a l  s t r e s s  combined w ith  

o v e ra l l  t i l t i n g  o f th e  fau lt-b o u n d ed  s t r i p s .  The s t r i p s  have a plunge 

d i r e c t io n  p a r a l l e l  to  th e  f a u l t ,  i . e .  norm al to  th e  re g io n a l t i l t i n g .

The most f a m il ia r  example o f t h i s  p a t te r n  i s  th e  m a te r ia l  known as
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'expanded rneta l* , used in ,  among o th e r  th in g s ,  loudspeaker and v e n t i l a t io n  

g r i l l e s .

The fo llo w in g  p o in ts  a re  no ted  in  th e  paper model: d isp lacem ent of 

th e  s t r i p s  occurs on p lan es  norm al to  th e  s u r fa c e , and t h i s  r e la t io n s h ip  

i s  m ain ta ined  a t  a l l  a n g les  o f t i l t  -  i . e .  a s  s t r a i n  i s  in c re a se d  th e  t i l t  

o f th e  s t r i p s  in c re a s e s ,  d ip  o f th e  f a u l t s  d ec rea se s  w ith  in c re a se d  d is 

placem ent and e x ten s io n  o ccu rs; th e  amount o f d isp lacem ent on a f a u l t  i s  

rough ly  p ro p o r tio n a l to  i t s  le n g th ; th e  d isp lacem ent and t i l t i n g  i s  

u s u a lly  a l l  u n i l a t e r a l  and a s  a r e s u l t  no h o r s ts  or graben  a re  produced.

I t  i s  a ls o  obvious th a t  a  secondary  com pressive s t r e s s  i s  being  a p p lie d  

a long  th e  le n g th  o f  th e  s t r i p s  a s  a d i r e c t  r e s u l t  o f  th e  prim ary te n 

s io n a l  s t r a i n .

I t  i s  e q u a lly  obvious th a t  such a model has ve ry  l i t t l e  v a l id i t y  

s in c e  th e  s tre n g th  o f th e  m a te r ia l  used i s  f a r  too  g re a t fo r  th e  s c a le  

o f th e  model. T h is being  so , th e  analogy would be s w if t ly  abandoned but 

fo r  th e  f a c t  th a t  much c a r e fu l  ex p erim en ta l work, n o ta b ly  th e  well-known 

experim ents o f Cloos (1929, 1930, 1930a, 1932, 1939) and s im ila r  in v e s 

t ig a t io n s  by Baine and Beebe (1934) u sin g  s o f t  c la y  o f th e  c o r re c t  model 

s t r e n g th ,  showed th a t  'e n  ech e lo n ' norm al f a u l t s  can be produced by a 

te n s io n a l  s t r e s s .  (H ubbert ( l9 3 l )  and o th e rs  have used sand because i t  

has a low er in t e r n a l  f r i c t i o n  th an  c la y .)  Cloos was p r im a r i ly  concerned 

to  rep roduce  graben  s t r u c tu r e s ;  b ea rin g  in  mind th a t  th e  a c tu a l  m ajor r i f t  

system s o f th e  R hine, Red Sea and E ast A frica  occur a c ro ss  up-domed re g io n s  

th e  most s a t i s f a c to r y  o f C lo o s 's  model graben  was th a t  produced by a rch in g  

a c la y  cake over an i n f l a t i n g  b a llo o n ; t h i s  produced a graben (o f  w idth 

approx im ate ly  equal to  th e  th ic k n e s s  o f th e  c la y )  which was bounded by 

'e n  ech e lo n ' f a u l t s  (C loos 1930, 1939) and th e  sh o u ld ers  o f which sloped  

away from th e  graben  a t  an g le s  s te e p e r  th an  th e  'r e g io n a l '  convex b a llo o n  

s u r fa c e . In  t h i s  model th e  f a u l t s  had a h igh  ang le  o f d ip  and steepened  

downwards, f i n a l l y  dying out b e fo re  re ach in g  th e  base o f th e  c la y  cake .
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In  o th e r  models C loos produced co n ju g a te  s e t s  o f r e l a t i v e l y  low -angle  

f a u l t s  on a s t r e tc h e d  ru b b er p la te  (1930) and dow nw ard -fla tten ing  curved 

f a u l t s  in  c la y  mounted on two b o a rd s .

The main r e s u l t  o f th e  experim ents o f Baine and Beebe was 'e n  eche lon ' 

f a u l t s  a s s o c ia te d  w ith  t i l t i n g :  a c la y  cake was mounted on th e  e x te n s ib le  

p la n a r  su rfa c e  o f a  ru b b er s h e e t, th e  c la y  being  c o n ta in ed  by two ' h a l f 

b o x e s ',  une f i t t i n g  in s id e  th e  o th e r .  B r ie f ly ,  th e  te n s io n a l  s t r e s s  

produced a s e t  o f *en ech e lo n ' f a u l t s  th e  d ip s  o f which decreased  (w ith  

r e s u l t a n t  in c re a s e d  t i l t i n g  o f fau lt-b o u n d ed  s t r i p s )  w ith  in c re a s in g  throw , 

in  a p r e c is e ly  s im ila r  manner to  th a t  o f th e  v / r i t e r ' s paper model. F a u l ts  

tended  a l l  to  throw in  th e  sane d i r e c t io n  and th e  au th o rs  appear to  a t ta c h  

some s ig n if ic a n c e  to  th e  f a c t  th a t  no graben  were formed but t h i s ,  i n  th e  

w r i t e r 's  view , can p robab ly  be a sc r ib e d  to  th e  e n t i r e ly  u n i l a t e r a l  s t r e s s  

a p p l ic a t io n .

The o v e ra l l  co n c lu s io n , from c o n s id e ra tio n  o f th e se  v a r io u s  c la y  m odels, 

i s  th a t  fo r  th e  purposes o f exam ining th e  geom etry o f th e  s i tu a t io n  th e  

paper model i s  a re a so n a b le  e q u iv a le n t which may be ve ry  co n v en ien tly  

produced in  a  m a tte r o f seconds w ith  a sh ee t o f c a r t r id g e  paper and a ra z o r  

b la d e .

( i i )  E a s te rn  f o o t - h i l l s  model

The paper model sh a re s  w ith  th e  c la y  model o f Baine and Beebe th e  f a c t  

th a t  i t  i s  d i f f i c u l t  to  produce h o r s ts  and graben  s in ce  once f a u l t s  have 

s ta r te d  throw ing  in  a  c e r ta in  d i r e c t io n  th en  t h i s  d i r e c t io n  determ ines th a t  

of a l l  subsequent d isp la ce m e n ts . H o rs ts  and graben may however be produced 

e i th e r  by ap p ly in g  a s l i g h t  t r a n s c u r re n t  component to  th e  f a u l t  system o r, 

e q u a lly  s ig n i f i c a n t ly ,  by en su rin g  th a t  th e  te n s io n a l  s t r e s s  i s  n e a r ly  

p e r f e c t ly  b i l a t e r a l  i . e .  bo th  m argins o f th e  sh ee t moving e q u a lly  r e l a t i v e  

to  th e  su b stra tu m  on which th ey  l i e ;  in  th e  l a t t e r  case  opposing s e t s  of 

f a u l t - s c a r p s  face  each o th e r  a c ro ss  a  c e n t r a l  s t r i p ,  o r s t r i p s ,  which



102

bu ck les  on axes normal to  th e  f a u l t s  p roducing , in  d i f f e r e n t  c ro s s - s e c t io n s ,  

bo th  h o r s ts  and graben along  i t s  u n d u la tin g  le n g th . T h is i s  e x a c tly  th e  form 

c f  th e  Yatya-Tegit-Kokwomur a re a  along  which th e  K abarnet T rachyte  i n l i e r s  

re c o rd  th e  c r e s t s  a long  th e  buckled  s t r i p s .  As in  th e  model, s t r a t a l  

d ip  and fa u lt- th ro w  a re  in  o p p o site  d i r e c t io n s  on e i th e r  s id e  of th e  

buckled  s t r i p .  The second major s ig n i f ic a n t  p o in t about t h i s  fe a tu re  i s  

th a t  d i l a t i o n  must occur along th e  s t r i p  where th e  d ip  d i r e c t io n  changes; 

th a t  t h i s  must be so can be seen  from th e  f a c t  t h a t  th e  d isp lacem ent of 

th e  c e n t r a l  s t r i p  i s  e n t i r e ly  v e r t i c a l  (b o th  upwards and downwards, in  

c o n tr a s t  to  th e  'k e y s to n e ' id e a )  w hile  on e i th e r  s id e  th e re  i s  e x ten s io n  

and bu lk  movement away from th e  s t r i p  by t i l t i n g .  I t  i s  th e re fo re  n o t 

s u rp r is in g  th a t  n e a r ly  a l l  th e  dykes in  th e  map a re a  and a t  l e a s t  two 

tr a c h y te  p lugs occur a long  t h i s  s t r i p ,  a lth o u g h  ad m itte d ly  many a re  no t 

p a r a l l e l  to  th e  f a u l t s  and th e  t o t a l  number i s  few. However, when th e  

a x ia l  s t r i p  i s  fo llow ed  southw ards in to  th e  'K ap ara in a  u p l i f t  zone' o f 

Martyn ( o p . c i t . )  i t  i s  found to  c o n ta in  an ex trem ely  dense dyke swarm 

a s s o c ia te d  w ith  a  b a s a l t i c  e x tru s iv e  complex in  th e  K aichuro t a re a , where 

over 90  por cen t o f th e  dykes a re  p a r a l l e l  to  th e  f a u l t s .  A lso, when th e  

s t r i p  i s  e x tra p o la te d  northw ards from th e  p re se n t map i t s  e x ten s io n  would 

pass d i r e c t ly  th rough  th e  complex c e n t r a l  focus o f th e  Ribkwo t r a c h y t ic  

complex. A f a u l t - a r c h  s t r u c tu r e  s im ila r  to  T eg it has been mapped by 

Webb (Ph.D . th e s i s  in  p re p a ra t io n )  n o rth  of T i a t i ,  where th e  main Kamasia 

f a u l t s  a re  re p la c e d  by a  f a u l te d  m onocline, and h e re  ag a in  th e re  occurs 

a group o f in t r u s iv e  ( t r a c h y t ic )  masses in  th e  Choptumet h i l l - m a s s .

A lthough dyke-swarms a s s o c ia te d  w ith  m ajor c r u s ta l  f le x u re s  a re  w e ll-  

known, e .g .  th e  e a s t  G reenland swarm (Wager and D eer, 1938) and, c lo s e r  

to  th e  p re s e n t a re a , th e  N yasalond dyke-swarra (D ixey 1936), i t  i s  u n lik e ly  

th a t  th e  Kamasia e a s te rn  f o o t - h i l l s  f le x u re  i s  la rg e  enough to  be an 

analogous s t r u c tu r e ;  th e  w r i te r  b e lie v e s  th e  main cause o f th e  in te n s e
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l o c a l  dyke in je c t io n  to  be th e  change from w est-d ip p in g  'e n  eche lon ' 

f a u l t  s t r i p s  to  e a s t-d ip p in g  s t r i p s  w ith  th e  a tte n d a n t median geom etric  

d i l a t i o n .

The s t r u c tu r e  o f th e  e a s te rn  f o o t - h i l l s  has been d e a lt  w ith  a t  some 

le n g th  a t  t h i s  s ta g e  p a r t ly  due to  th e  c h ro n o lo g ic a l o rd e r o f th e  w r i t e r 's  

th e o r is in g  and p a r t ly  because o f th e  su sp ic io n  th a t  t h i s  zone o f 

r e l a t i v e l y  com plicated  s t r u c tu r e s  i s  in  f a c t  ju s t  a s  s ig n i f ic a n t  a s  th e  

l a r g e r  and more obvious main sca rp  s t r u c tu r e s ;  in  v a r io u s  experim ents i t  

h as  boon found r l i f f i c u l t  to  rep roduce  such a s t r u c tu r e ,  which i s  c le a r ly  

a s s o c ia te d  w ith  igneous a c t i v i t y  f a r  more th a n  a re  th e  la rg e  main sca rp  

f a u l t s .

( i i i )  M^in sc a rp  f a u l t s  model

Extending th e  expanded m etal analogy from th e  f a u l t - a r c h  zone of 

th e  f o o t - h i l l s  to  th e  main sca rp  f a u l t s  i s  an obvious s te p  s in ce  th e  

a rc h in g  on th e se  f a u l t s ,  w hile  no t as conspicuous in  th e  f i e l d  a s  t h a t  

in  th e  sm a lle r s t r u c tu r e s ,  i s  a t  once ap p aren t in  n o r th -so u th  s e c tio n s  

( s e c t io n s  E -H ', I - I * ) .

The K ito  Pass F a u lt  s t a r t s  n ea r Bartabwa and i t s  throw in c re a s e s  

northw ards as  f a r  a s  th e  K ito  P ass; tow ards T i a t i  i t  ap p ears  to  d ie  away 

(McClenaghan o p . c i t . )  and i s  re p la c e d , as  r e l a t e d ,  by a f a u l te d  m onocline. 

I t  can , in  f a c t ,  be argued th a t  on th e  p re se n t map th e  northw ard in c re a s e  

in  throw  i s  caused e n t i r e ly  by th e  d isco rd an ce  between th e  f a u l t  d i r e c t io n  

and re g io n a l  s t r i k e ,  but th e  subsequent northw ard decrease  i s  no t accom

panied  by -any co rrespond ing  m ajor change in  d i r e c t io n .

The Saimo f a u l t  system  s t a r t s  in  a  com plicated  way w ith  th e  Sumet 

f a u l t s  and th e  main Saimo F a u lt  in c re a s e s  in  throw to  th e  south,- 

e v e n tu a lly  exposing th e  metamorphic basement on th e  up-throw  s id e  below 

Saimo summit. South from Saimo th e  a rch  d e c lin e s  but i s  te rm in a te d , more 

a b ru p tly  th an  in  th e  n o r th , by M artyn*s 'T i l t e d  Block P ro v in ce ' ( i . e .  an
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a re a  o f more s te e p ly  t i l t e d  ’b lo c k s ’ ) .

To conform to  th e  id e a l  p a t te r n  suggested  by th e  model th e se  f a u l t s  

should  show a  com parable amount o f down-throw to  up-throw , i . e .  th e  

f a u l t - f a c e  should  approxim ate to  a  b i l a t e r a l l y  sym m etrical f ig u r e .  That 

t h i s  i s  th e  case should  be su sp ec ted  sim ply from a  qu ick  in s p e c tio n  of th e  

maps s in c e  th e  o u tc ro p s  of th e  youngest sed im en tary  fo rm atio n s  -  th e  

Cherneron and Kaperyon fo rm atio n s  on th e  down-throw s id e s  o f th e  Saimo 

and K ito  Pass f a u l t s  r e s p e c t iv e ly  -  co in c id e  w ith  th e  l im i t s  of maximum 

te c to n ic  r e l i e f  on th e  up-throw  s id e s  o f th e  f a u l t s .  However, th e  Kamasia 

s t r a t ig r a p h y  i s  known in  s u f f i c i e n t  d e t a i l  to  allov; a reaso n ab ly  a c c u ra te  

e s tim a te  o f th e  p o s i t io n  o f c e r ta in  concealed  datum h o rizo n s  on th e  

down-throw s id e  o f th e  S-aimo F a u l t .  Thus in  f ig u r e s  38 (p re se n t tim e) 

and 37 ( c . 7"0 m.y. B .P .)  a re  p lo t te d  th e  v e r t i c a l  and l a t e r a l  l im i t s  o f 

d isp lacem ent on th e  f a u l t .  The diagram s show th a t  th e  Saimo f a u l t -p la n e  

i s  rough ly  sym m etrical a t  th e  p re se n t tim e bu t th a t  a l l  th e  post-K abarne t 

T rachyte  movement, amounting to  h a l f  o f th e  t o t a l ,  has been down-throw 

a lo n e , th e  up-throw  s id e  hav ing  rem ained r e l a t i v e l y  s ta b le ,  a s  d e sc rib e d  

(p . 8 6 ) .

A rem arkable  s e r i e s  o f ’h a l f - b a s in s ’ occurs  in  th e  K aparaina and 

Cherneron fo rm atio n s  a t  th e  fo o t o f th e  Saimo sc a rp , from th e  Toluk v a l le y  

in  th e  p re se n t a re a  a s  f a r  a s  K ipcherere  in  th e  so u th . These form p a r t  

o f M artyn’ s ’Dome and B asin P ro v in ce ’ , o f which th e  domes have a lre a d y  

been co n sid e red ; th e  b a s in s  a re  e s s e n t i a l ly  a  m o d if ic a tio n  c f  th e  major 

d ep re ss io n  which p re se rv e s  th e  Cherneron Form ation and were p robab ly  caused 

by a space problem ; i f  th e  downward movement o f th e  m ajor s t r u c tu r e  were 

h a lte d  due to  la c k  o f space th e  in c ip ie n t  n o r th -so u th  com pression could  

be ex p ressed  a s  a s e r ie s  o f minor f le x u re s ,  r a th e r  th an  as  one la rg e  one 

( f i g .  4 l ) .  (Note th a t  h a l f - b a s in s  m atching th e  half-dom es o f Yatya and 

Mukur would h a rd ly  be expected  s in c e  th e se  s t r u c tu r e s  face  th e  a x ia l  s t r i p  

which deform s alm ost in d ep en d en tly  o f th e  f la n k in g  s e t s  o f t i l t e d  s t r i p s . )
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On the up-throw side of the Saimo and Kite Pass faults the change in 

direction and degree of dip at the north and south terminations respectively 

has been remarked. That most of this increase occurred after the arrival 

of the Kabarnet Trachytes seems to be proved beyond doubt in the case of 

the Sadmo system but it should be noted that this geometric modification 

is bound to occur at the ends of an ideal fault-arch (consider a faulted 

plunging fold). The abruptness of the change of attitude in both cases 

is probably due te the small amount of overlap of the two faults; although 

this amounts to about seven miles, it represents less than a third of the 

length of either fault. An alternative explanation in the case of the 

Kito Pass Fault is strongly suggested by the structural contours: the 

Kito Pass and Kapitan faults may represent the surface expression in the 

Cainozoic rocks of a major fracture in the basement which has not been 

perfectly continued into the former. Thus the major fault has possibly 

split as it was transmitted upwards through the less competent lavas and 

sediments which may, in part, be warped across the deep fault.

3* S tr e s s  system

The suggestion (above) of discordance between basement structures 

and thvse in the Cainozoic rocks poirtsto a major problem encountered when 

Considering the origins of observed structures: that is, the extent to 

which the structures are (a) primary features of the upper part of the 

crust, (b) discordant deformation of the Cainozoic cover by such primary 

structures &ind (c) entirely superficial features such as slumping and 

fault-drag. These genetic categories do not necessarily bear any relation 

to the size of the structures. However, a dislocation of the magnitude of 

the Saimo Fault (4 km. maximum throw) must sui'ely fall into category (a) 

and since this fault is geometrically compatible with an origin by 

tensional stress, with a secondary north-south compressive component, the 

writer feels justified in assuming this stress-field for the whole area
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and to  a co n s id e ra b le  depth  in  th e  c r u s t .

The p o s tu la te d  s t r e s s  arrangem ent th u s  d i f f e r s  s ig n i f ic a n t ly  from 

th a t  d e sc rib e d  by Anderson ( l9 5 l )  fo r  normal f a u l t s .  Anderson p la c e s  

in te rm e d ia te  and l e a s t  p r in c ip a l  s t r e s s e s  in  th e  h o r iz o n ta l  p lane  and 

maximum s t r e s s  (g ra v i ty )  v e r t i c a l .  S tru c tu re s  in  th e  p re sen t a re a , in  

p a r t i c u l a r  th o se  o f th e  f a u l t - a r c h  s t r i p  in  th e  f o o t - h i l l s ,  show c le a r ly  

th a t  a h o r iz o n ta l  com pressive n o r th -so u th  s t r e s s  was g re a te r  th an  g ra v i ty ,  

a id ed  undoubtedly  by th e  n e a r -su r fa c e  p o s i t io n  o f th e  s t r u c tu r e s .  The 

w r i te r  p roposes th e  s t r e s s  system  shov/n in  f ig u re  59 • T his i s  the .sam e 

a s  Anderson*s system  fo r  s t r i k e - s l i p  f a u l t s  but in  t h i s  case  th e  f a u l t s  

a re  p a r a l l e l  to  th e  g r e a te s t  p r in c ip a l  s t r e s s  and in  th e o ry  n e g l ig ib le  

s t r i k e - s l i p  d isp lacem ent o c c u rs . T his s i tu a t io n  comes about because th e  

p o s i t iv e  component i s  th e  e a s t-w e s t te n s io n  o f which th e  com pression i s  

la r g e ly  a secornlary r e s u l t  -  la r g e ly ,  but perhaps no t e n t i r e ly  s in c e , as  

Holmes (1965, p*lC65) p o in te d  o u t, th e  f lo o r  o f a major r i f t  v a l le y ,  on 

su b s id in g , must be thrown in to  com pression along  i t s  le n g th  due to  th e  

sh o rte n in g  o f an a rc  o f th e  e a r t h 's  c ircu m fe ren ce .

At t h i s  p o in t one could  r e tu r n  to  th e  experim ent o f Baine and Beebe 

and rea so n ab ly  argue th a t  t h e i r  model showed * en echelon* f a u l t in g  w ithou t 

any evidence o f sh o rte n in g  p a r a l l e l  to  th e  f a u l t s .  In  p o in t o f f a c t  th e  

Baringo s t r u c tu r e s  .are o f  m easurably g re a te r  am plitude th an  th o se  o f th e  

model: th e  th ro w /le n g th  r a t i o s  o f f a u l t s  in  th e  model ranged from 1 /2 5  to  

l / 4 0 ,  whereas th e  T eg it r a t i o  i s  l / l ?  and th e  Saimo r a t i o  1 /1 2 .

I t  i s  concluded th e re fo re  th a t  a re g io n a l te n s io n a l  s t r e s s  f i e l d  of 

th e  ty p e  p o s tu la te d  has produced th e  observed p a t te r n  o f deform ation  

which a lso  shows th e  e f f e c t s  o f a  com pressive component normal to  th e  

te n s io n .  The com pression can be ad eq u a te ly  ex p la in ed  a s  th e  d i r e c t  

r e s u l t  o f th e  prim ary  te n s io n a l  s t r a i n ,  but i t  may a ls o  be caused by a 

re g io n a l R i f t - f lo o r  com pression a s  d e sc rib e d  by Holmes, o r ag a in  a  s l ig h t
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FIG. 39 STRESS DISTRIBUTION IN NO RM AL  FAULTS A. Tension/gravi ty 

d isplacement .  Tension d isp lacement  in the  Komasio Range

CFj ^2 <xnd fg ore gr e a te s t  in te rmedia te and  le a s t  compressive st ress 

oxes  r e s p e c t i v e l y )  N o t e ,  in B ^ i i ) , f l e x u r e  on  a x e s  p a r a l l e l  to

P3  and r o t a t i o n  of b locks
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s t r i k e - s l i p  component cou ld  produce th e  same r e s u l t s  (see  below ). I t  

should  be emphasized th a t  in  f a c t  many #f th e  sm a lle r  f a u l t s  must be sim ple 

g ra v i ty  'ad ju stm en ts*  to  th e  p rim ary  s t r u c tu r e s  and cannot be ex p la in ed  

by th e  main h y p o th e s is , e .g .  th e  E-W f a u l t s  in  th e  T eg it f a u l t  a rc h .

The above e x p la n a tio n  i s ,  however, by no means com plete -  one 

o u ts ta n d in g  problem i s  th e  sim ple q u e s tio n  o f why th e  main sca rp  f a u l t s  

in  p re fe re n c e  to  any o th e rs  should  have developed to  t h e i r  p re se n t magni

tude in  t h e i r  p re se n t p o s i t io n s .  Secondly th e re  i s  th e  in te r e s t in g  

p a ra l le l is m  between th e  main range and a x ia l  f a u l t - a r c h  b e l t  in  th e  

e a s te rn  f o o t h i l l s .  Both s t r u c tu r a l  b e l t s  a re  re la y e d  by 'e n  eche lon ' 

f a u l t s  o b liq u e  to  t h e i r  g e n e ra l t r e n d .

4 . R egional c o n s id e ra tio n s

( i )  G eneral

The l in e  o f m ajor f a u l t s  marked by th e  Kamasia sca rp  must im ply a 

major s t r u c tu r e  in  th e  c r u s t ,  but o f a m arkedly d i f f e r e n t  c h a ra c te r  to  

th e  Elgeyo F a u lt  which seems to  be one s in g le  sim ple v e r t i c a l  d isp lacem en t. 

The Kamasia, by c o n t r a s t ,  ap p ears  to  be caused  by th e  g re a t  ex ag g era tio n  

o f a  number o f s t r u c tu r e s  which a re  a lso  seen on a much sm a lle r s c a le  to  

be th e  c h a r a c te r i s t i c  f e a tu re s  o f th e  a re a  as  a w hole. A m ajor d ip - s l ip  

f r a c tu r e  o f th e  c ru s t  would presum ably cause a s in g le  g re a t f a u l t  sca rp  

cn th e  Kamasia l i n e  as  i t  has  on th e  Elgeyo -  and i t  i s  n o t l i k e ly  th a t  

th e  huge ' en echelon* Kamasia d isp lacem en ts  a re  sim ply th e  r e s u l t  o f 

d i f f r a c t i o n  o f such a s in g le  deeper f a u l t .  While i t  i s  t r u e  th a t  th e  

range a s  a whole i s  dep ressed  r e l a t i v e  to  th e  Elgeyo, a co n sid e rab le  

amount o f p o s i t iv e  upward a rc h in g  c e r ta in ly  o ccu rred , on th e  Saimo F a u lt 

a t  l e a s t ,  in  th e  f i r s t  m ajor ep isode  o f f a u l t in g  and i t  i s  l i k e ly  th a t  

any proven upward movement i s  th e  r e s u l t  o f th e  f a u l t in g  r a th e r  th an  of 

any g e n e ra lis e d  * b e lt o f u p l i f t*  a s  suggested  by Martyn (o p .c i t .  p .1^7 & 

f i g .  5 2 ) .  Martyn p o s tu la te d  such a s i tu a t io n  p a r t i c u la r ly  in  th e  case o f
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th e  Tiim a re a  o f ' t i l t - b l o c k s ’ which he reg a rd ed  as  th e  r e s a le  o f th e  

c o lla p se  o f a  g re a t  upwarp. The w r i te r  p r e fe r s  to  re g a rd  th e se  s t r u c tu r e s  

a s  th e  r e s u l t  o f f a u l t in g  a n t i t h e t i c  to  a deep concealed  so u th ern  ex ten s io n  

of th e  Saimo F a u l t ,  i . e .  e s s e n t i a l ly  a f a u l te d  m onocline over a  deep- 

s e a te d  f a u l t .  T his ty p e  o f s i tu a t io n  i s  w e ll i l l u s t r a t e d  by one o f C lo o s 's  

c la y  models (C loos 1930, f i g .  8 ) .  South o f M arty n 's  ’T i l te d -b lo c k  p ro v in ce ' 

th e  Kamasia sca rp  i s  ag a in  composed o f a  number of la rg e  ' en eche lon ' 

f a u l t s ,  down-throv/ing to  th e  e a s t  (L ip p ard , Ph.D. th e s i s  in  p re p a ra t io n ) .

A p o s s ib le  e x p la n a tio n  i s  sought in  a  s l ig h t  t r a n s c u r re n t  component 

o f movement. I t  shou ld  be s t r e s s e d  im m ediately  th a t  th e re  i s  no p h y s ic a l 

ev idence w hatsoever fo r  s t r i k e - s l i p  movement on in d iv id u a l  f a u l t s ;  on th e  

o th e r  hand i t  i s  ap p aren t th a t  a r e g u la r  l i n e  o f la rg e  'e n  ech e lo n ’ normal 

f a u l t s  in  th e  same o r ie n ta t io n  and d is p la c in g  in  th e  same d i r e c t io n  must 

cause a s l ig h t  t r a n s c u r r e n t  movement of th e  two p la te s  on e i th e r  s id e  o f 

th e  l in e  due sim ply to  th e  sh o rte n in g  e f f e c t  p a r a l l e l  to  th e  f a u l t s  ( f i g .  40) 

A sim ple experim ent w ith  th e  paper model w e ll i l l u s t r a t e s  t h i s :  th e  

' f a u l t e d ’ paper was a t ta c h e d  a t  e i th e r  s id e  to  sep ax a te  but con tiguous 

cardboard  p la te s ;  th e  'o n  ech e lo n ' c u ts  in  th e  paper were d is t r ib u te d  

evenly  over th e  su rfa c e  but on moving a p a r t  th e  cardboard  b a s e -p la te s  not 

only  were th e  u su a l t i l t e d  f a u l t - a r c h e s  produced in  th e  paper but i t  v/as 

im p o ssib le  to  e lim in a te  a  t r a n s c u r r e n t  movement a long  th e  c o n tac t o f th e  

b a s e -p la te s  end th e  l a r g e s t  f a u l t s  occu rred  above t h i s  c o n ta c t .  This 

t r a n s c u r r e n t  movement was o f about th e  same amount a s  th e  o v e ra l l  ex ten s io n  

norm al to  th e  f a u l t - t r a c e s  but l e s s  th an  a q u a r te r  o f th e  d ip - s l ip  move

ment on th e  m aster f a u l t s .  The w r i te r  i s  u n c e r ta in  w hether to  app ly  th e  

c o ro l la ry  o f t h i s  e f f e c t ,  and p o s tu la te  a deep se a te d  t r a n s c u r re n t  d is 

placem ent (a s  w e ll a s  th e  re g io n a l  te n s io n )  causing  th e  g re a t Kamasia 

en echelon  d isp lacem en ts  o r w hether th e  o r ig in a l  ro u te  to  t h i s  h y p o th es is  

was in  f a c t  n e a re r  th e  t r u t h  i . e .  th e  p o s s i b i l i t y  th a t  a  s in g le  f a u l t  

w i l l  grow to  a s iz e  where th e  secondary com pressive s t r e s s e s  produced
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FIG. 4 0  EN E C H E L O N  D I P - S L I P  FAULTS AND LATERAL 

D I S P L A C E M E N T  OF THE A FFE CT ED PLATE

( o )  Front  e leva t io n  of  fau l t  d isp lacement

Cb) P lan  view of faul t  with st ructural  con tou rs

FIG.  41 ORIGIN OF  T H E  H A L F - B A S I N S  AT THE F O O T  OF 

THE S A I M O  FAULT-SCARP
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w il l  be s u f f i c i e n t  to  p ropaga te  more d isp lacem en ts  on th e  same t r e n d . The 

Kamasia Range i s  perhaps too  long  and p e r s i s te n t  a fe a tu re  fo r  th e  second 

su g g es tio n  to  be v e ry  l i k e ly ,  and some re c o u rse  must be made to  deep- 

s e a te d  c o n tro l l in g  s t r u c tu r e s .  (Note th a t  i t  i s  no t suggested  th a t  th e  

a c tu a l  o r ie n ta t io n  o f th e  f a u l t s  i s  caused by th e  deep t r a n s c u r re n t  

movement.)

As a t a i l p i e c e  to  th e  above t e n ta t iv e  h y p o th e s is  two p o in ts  a r i s e :  

th e  su g gested  movement in  th e  Kamasia i s  r i g h t - l a t e r a l  bu t th e  'e n  

ech e lo n ' f a u l t s  in  th e  L a ik ip ia  a re a  on th e  o th e r  s id e  o f th e  R if t  a re  

in  an opposing arrangem ent i . e .  su g g es tin g  a l e f t - l a t e r a l  movement. 

G e o p h y sic is ts  would, i t  seems, be happy w ith  s t r i k e - s l i p  movements rn  

th e  E ast A frican  r i f t  system  (se e  McKenzie 1970) but i t  i s  w orth empha

s iz in g  ag a in  th a t  a s  f a r  a s  th e  evidence fo r  th e  l a s t  19 m ill io n  y e a rs  

goes, any a c tu a l  s t r i k e - s l i p  movement has been n e g l ig ib le  in  com parison 

to  th e  d ip - s l ip  d isp lacem en ts .

( i i )  M igra tion  o f f a u l t in g

In  B aringo, a s  over th e  whole le n g th  o f th e  R i f t ,  bo th  f a u l t in g  and 

vulcanism  appear to  have m ig ra ted  tow ards th e  c e n tre  o f th e  R if t  w ith  

tim e (McCall I 9 6 7 , p . 101; Baker I 9 6 9 , p .4 ) .  However, th e  w r i te r  does not 

e n t i r e ly  agree  w ith  th e  view o f te n  s ta te d  (Baker o p .c i t . ,  p .4) th a t  th e  

Q uaternary  f a u l t s  in  th e  R if t  c e n tre  a re  more c lo s e ly  spaced th an  o ld e r  

f a u l t s .  In  f a c t  th e  d e ta i le d  mapping o f th e  Kamasia (M artyn I 9 69 ,

L ippard  Ph.D. t h e s i s  in  p re p a ra t io n , and p re se n t map) in d ic a te s  th a t  very  

c lo s e ly  spaced f a u l t s  o f sm all d isp lacem en ts  a ls o  occur in  th e  o ld e r  

s t r a t a  -  t h i s  i s  p a r t i c u l a r ly  n o tic e a b le  where e ro s io n a l  windows in  un

f a u l te d  s t r a t a  expose o ld e r  s tro n g ly  f a u l te d  su ccess io n s  e .g .  in  th e  

e a s te rn  o u tc ro p s  o f Chemeron Form ation (M artyn o p .c i t . ,  map). L ippard  

( o p .c i t . )  has mapped very  c lo s e ly  spaced f a u l t s  in  th e  group I I  p h o n o lite s  

in  th e  so u th ern  K.amasia and Carney (Ph.D . th e s i s  in  p re p a ra tio n )  has
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shown th a t  f a i r l y  c lo se  f a u l t in g  a ls o  occurs  in  th e  Rumuruti P h o n o lite s  

of th e  L a ik ip ia  p la te a u .  I t  seems th a t  th e  l a t e  Q uaternary  f a u l t s  have 

a t t r a c t e d  more a t t e n t io n  s in c e  th e y  form conspicuous uneroded sca rp s  

w hereas minor f a u l t s  o f e a r l i e r  age a re  only  i d e n t i f i e d  hy d e ta i le d  

in v e s t ig a t io n s .

I t  th u s  seems th a t  in  th e  Kamasia a re a  th e  w estern  l im i t  o f c lo se  

f a u l t in g  h as m ig ra ted  eastw ards w ith  tim e . F ig u re  42 shows th a t  th e  

f a u l t  p a t te r n  seen in  a s e c tio n  a c ro ss  th e  R if t  th rough  th e  p re se n t map 

a re a  can be ex p la in ed  by th e  in te r s e c t io n  o f th e  p re se n t e ro s io n a l l e v e l  -  

r e l a t i v e  to  t im e - s tr a t ig r a p h y  -  w ith  a r e g u la r  h y p o th e tic a l  su rfa ce  

re p re s e n tin g  th e  m ig ra tio n  o f f a u l t in g  w ith  tim e . Thus a lthough  Baker 

( o p .c i t . )  su g g es ts  th a t  f a u l t s  w ith  p ro g re s s iv e ly  c lo s e r  spacing  w ith  

tim e a re  c o r r e la te d  w ith  p ro g re s s iv e ly  h ig h e r l e v e l s  o f magma g e n e ra tio n  

in  th e  c r u s t ,  th e  w r i te r  i s  ve ry  •;d o u b tfu l o f th e  prem ise t h a t  f a u l t in g  

has become more c lo s e ly  spaced a t  a l l .  However re c e n t la r g e ly  unpub lished  

g eo p h y sica l (se ism ic )  work does seem to  in d ic a te  anom alies in  th e  upper 

c ru s t  below th e  R if t  c e n tre  and one ob serv ab le  f e a tu re  o f th e  l a t e  

Q uaternary  f a u l t  zone i s  p o s s ib ly  s ig n i f ic a n t ;  w ithou t ex cep tio n , o th e r  

w orkers ( e .g .  Baker o p .c i t . ,  McCall I 96 7 , Martyn I 967 ) have s ta te d  th a t  

t h i s  zone i s  'm edian ' o r ' c e n t r a l ' .  T his i s  no t so ; exam ination of 

p u b lish ed  maps ( Baker 199Ô, 19&9; McCall I 9 6 7 ; Thompson & Dodson I 963 ) 

shows th a t  th e  zone of reco g n ized  l a t e  Q uaternary  f a u l t s  i s  by no means 

c e n t r a l  r e l a t i v e  to  th e  m ajor R if t  boundary f a u l t s ,  bu t in  f a c t  'c u t s  

th e  c o rn e rs ' o f th e  g re a t  k in k  in  th e  R if t  d i r e c t io n  cen tred  on Nakuru 

( f ig *  4 3 ) .  Both th e  zone and in d iv id u a l  f a u l t s  t re n d  much more n e a r ly  

n o r th -so u th  th an  th e  f a u l t s  o f known e a r l i e r  ag e . T liis i s  p a r t i c u la r ly  

w ell-show n in  th e  Lake Hannington a re a  (McCall I 967 ) . Tliis su g g es ts , a t  

l e a s t ,  th a t  th e  d i r e c t io n a l  c o n tro ls  on f a u l t in g  have a l te r e d  w ith  tim e , 

and i f  one p o s tu la te s  c o n tro l by basement s t r u c tu r e s  to  e x p la in  th e  major 

f a u l t  t r e n d s , i t  cannot be den ied  th a t  th e  Q uaternary  f a u l t  t re n d  te n d s
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to  sup p o rt th e  id e a  o f a c tu a l  c r u s ta l  s e p a ra tio n  put forw ard oy some 

g eo p h y sica l w orkers ( e .g .  G ird le r  e t  a l . , 1970)* I t  canno t, however, be 

em phasized to o  s tro n g ly  th a t  th e  f ig u r e s  fo r  amount o f s e p a ra tio n  in  th e  

l a s t  15 m illio n  y e a rs  o f te n  su g gested  -  30 km, by HcKenzie ( 19? 0 ) i s  one 

o f th e  more c o n se rv a tiv e  e s tim a te s  -  have no support w hatsoever i n  th e  

g e o lo g ic a l ev id en ce . In  N orth Baringo p h o n o li t ic  and in te rm e d ia te  c e n tre s  

known to  be o ld e r  them th e  p la te a u  p h o n o lite s  (11-13 m,y. -  Bishop e t  a l . . 

1969 ) have been found w ith in  fo u r o r f iv e  k ilo m e tre s  of th e  Q uaternary  

f a u l t  zone and c e n t r a l  vo lcanoes (S c e a l, Ph.D. th e s i s  in  p re p a ra t io n ;

Golden, Ph.D . th e s i s  in  p re p a ra t io n ) .  The w r i t e r 's  view , in  summary, i s  

th a t  th e re  may be c r u s ta l  s e p a ra t io n , but th a t  i t  can be on ly  s l ig h t  and 

r e l a t i v e l y  re c e n t in  ag e .

( f ) Chronology o f f a u l t in g  -  a summary

S tr a t ig r a p h ie  r e la t io n s h ip s  examined in  d e t a i l ,  combined w ith  ra d io 

m e tric  d a te s  from th e  fe ls ic  la v a s , have enab led  th e  f a u l t in g  in  th e  

Kamasia to  be d a ted  w ith  some accu racy  ( f i g ,  4 4 ) , The evidence fo r  

r e l a t i v e  ages -and amounts o f movements i s  d e sc rib e d  in  P a rt I ;  th e  

p re se n t s e c t io n  sim ply summarises th e  co n c lu s io n s , w ith  some comments 

on th e  re g io n a l  s ig n if ic a n c e .

E arth  movements b e fo re  th e  group I I  p h o n o lite s  in  th e  Kamasia a re  

in d ic a te d  by basement topography in  th e  K ito  Pass a re a  (McClenaghan 

o p o c i t , )  and sedim ent th ic k n e ss  v a r ia t io n s  in  th e  Saimo s e c tio n  (M artyn 19o9i 

p . 23 & f i g ,  10 ) ,  At a l a t e r  s ta g e  th e  d e p o s it io n  of th e  Kuruywr Beds 

and th e  N gorora Form ation was a f f e c te d  by coeval f a u l t  movement and 

la r g e - s c a le  t i l t i n g  (se e  f i g ,  1 7 ) amounting to  over 1000 f e e t  of r e l a t iv e  

subsidence  in  th e  case  o f th e  N gorora. However, no m ajor u n co n fo rm ities  

occur w ith in  th e  Tugen H i l l s  Group in  th e  n o rth  and c e n t r a l  Kamasia and 

movement ap pears  to  have been c o n tin u a l but spasm odic.
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The major faulting episode which preceded the Kaburnet Trachytes 

caused the most striking geological feature of the main range in the 

unconformity between the trachytes and the Tugen Hills Group and the 

relict topography in the latter* This episode can be fairly closely 

dated at between 8 or 9 million years (K-Ar dates from the Sumet Phono- 

lite) and 7 million years (E-Ar dates from the Kabarnet Trachytes - 

see Part If). Martyn (op.cit., p.lB^) describes its age as middle Plio

cene and claims that it is not represented elsewhere in the Rift; the 

writer suspects that it is, in fact, that faulting episode usually des

cribed as late Miocene/early Pliocene and known from several areas 

(Kent 1944, Baker I9 6 9, McCall I967). The event is usually ascribed to 

that age because it affects the late Miocene phonolites of the Rift 

shoulders but is demonstrably earlier than Pliocene volcanics within the 

rift. In the Kamasia, however^ both radiometric and palaeontological 

evidence (Bishop and ChapmLin 19?0) shows that the plateau phonolites 

range well up into the Pliocene and the faulting episode has to be dated 

accordingly, Tlie nearest described correlative event is the ’First 

major faulting episode’ of McCall (I967, p.93) in the Laka Hannington 

area. Although McCall dates this episode as Miocene or early Pliocene, 

subsequent K-Ar determinations date the Thomsons Falls Phonolites, which 

McCall says almost certainly pre-date the faulting, at 6.2 to 6 .7 million 

years. If McCall's conclusions end the radiometric dates are correct 

the first Laikipia faulting may even be younger than this major Pliocene 

movement in the Kamasia.

S lig h t  main sca rp  f a u l t in g  p robab ly  occu rred  during  accum ulation  o f 

th e  K abarnet T rach y tes  ( f i g .  30) and th e re  i s  sed im en to lo g ica l evidence 

(M artyn I969, p . 83 & f i g .  31) fo r  movement on th e  Saimo F a u lt during  

d e p o s it io n  o f th e  b a sa l member o f th e  K aparaina Form ation, which in  th e  

p re se n t a re a  seems to  have been r e s t r i c t e d  by t h i s  f a u l t in g  to  th e  a re a  

e a s t  o f th e  main s c a rp .
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The bu lk  o f th e  movement in  th e  f a u l t - a r c h  and half-dom e b e l t  

fo llow ed  th e  K aparaina Form ation and preceded  th e  Kaperyon, and i s  th e re 

fo re  da ted  a t  about 5 m ill io n  y e a rs  (d a te s  from t r a c h y te s  h igh  in  th e  

Kaparaina), The o v e rs tep  o f th e  Kaperyon on to  Lukeino Member o f th e

b a sa l K aparaina and th e  a n g u la r  d isco rd an ce  o f  th e  two fo rm ations a re

b e s t seen  nuar C hesoton. On th a t  h i l l ,  th e  g e n tly  w est-d ip p in g  Kaperyon 

o v e r l ie s  more s te e p ly  d ipp ing  (20°) K aparaina b a s a l t s  and t u f f s ,  w e ll 

exposed a t  th u  w a te r f a l l  o f Kamsoror. F u r th e r  movement occurred  which a lso  

t i l t e d  th e  Kaperyon Form ation  to  th e  west o f th e  f a u l t - a r c h  b e l t ;  t h i s  

preceded a p e rio d  o f p la n a t io n  on th e  r e s u l t a n t  su rfa c e  o f which th e  

Ribon T rachy te  (3»7 m .y .) was ex tru d ed . In  t h i s  pre-R ibon movement must 

be in c lu d e d  th e  f a u l t in g  o f th e  Kaperyon a t  Mukur and probab ly  c o n sid e ra b le

movement on th e  K ito  Pass F a u l t ,

P ost-R ibon  f a u l t in g  in  th e  map a re a  i s  seen in  th e  s e t  o f fa u l te d  

t i l t - s t r i p s  e a s t  o f th e  main Ribon p la te a u .  The la r g e s t  o f  th e se  f a u l t s  

has a throw  o f 7OO-8OO f e e t .

The f a u l t in g  in  th e  Loyaraarok T rach y p h o n o lite  i s ,  o b v io u sly , younger 

them th e  0 ,5  m .y. age o f  th a t  la v a , and from th e  uneroded appearance o f 

th e  f a u l t  sc a rp s  i s  judged to  be v e ry  young in d eed .

In  th e  p re se n t a re a  th e re  i s  l i t t l e  d i r e c t  ev idence fo r  th e  age 

of th e  l a t e r  movements on th e  main sca rp  f a u l t s .  F a u lt-d ra g  occurs in  

both th e  K aparaina and Kaperyon fo rm atio n s  on th e  Saimo, Sumet *A' and 

K ito Pass f a u l t s ,  th e re  a re  huge but i l l - d e f i n e d  f a c e ts  on th e  spu rs  o f 

both th e  Kamuiton and Sidekh sc a rp s  and d i s t i n c t  p ro f i le -b re a k s  in  most 

of th e  s tream s on th e  form er ra n g e . Martyn ( o p .c i t . ,  f i g .  6 1 ) d a te s  a 

major movement o f th e  Saimo F a u lt  a t  about I .5  m ill io n  y e a rs , o ccu rrin g  

a f t e r  d e p o s it io n  o f th e  Chemeron Beds; th e  geomorphology o f th e  d ip -  

slope  o f th e  main range su g g es ts  th a t  i t  re c e iv e d  i t s  p re sen t t i l t  a t  

about th e  same tim e . Presumed synchronous f a u l t in g  on th e  op p o site



I

h
i l

ii

i
i l
i

I !  I
I s

i l  i
I :
t î



114

( e a s te rn )  s id e  o f th e  K aparaina a n t i c l in e  a f f e c t s  la v a s  d a ted  a t  1 ,5  to  

2 .0  m .y ., above th e  Chemeron Beds, bu t unconform ably o v e r la in  by th e  

K apthurin  Beds and th e  Lake Baringo T rachyte  (0 .2 5  m .y .) .  Martyn su g g es ts  

th a t  th e  K apthurin  Beds a re  th e  p ro d u c ts  o f th e  e ro s io n  r e s u l t in g  from 

th e  m ajor f a u l t  r e ju v e n a tio n .

The s iz e  o f  t h i s  m ajor movement o f th e  Saimo F a u lt  i s  gauged from 

th e  absence o f basement p eb b les  in  th e  Chemeron Beds, a lth o u g h  th e  

metamorphic ro ck s  a re  exposed up to  I 5OO f e e t  above th e  fo o t o f th e  

sc a rp  a t  th e  p re se n t tim e (M artyn o p .c i t . ) .  The movement may t e n ta t iv e l y  

be c o r r e la te d  w ith  th e  'seco n d  m ajor f a u l t in g  episode* o f th e  Lake 

H annington a re a  (McCall I 9 6 7 , p .97) which produced th e  fa c in g  s t r u c tu r e  

o f Lake H annington P h o n o lite s  on th e  sca rp  above th e  la k e .  C le a re r  

in d ic a t io n  o f th e  age o f th e  f a u l t in g  in  th a t  a re a  would be g iven  by 

ra d io m e tr ic  d a te s ,  a s  y e t u n a v a ila b le , f o r  th e  la v a s  in  q u e s tio n .

The s e c t io n  in  f ig u r e  45 i l l u s t r a t e s  bo th  th e  f a u l t in g  ep iso d es  

and th e  g e n e ra l m orpho log ica l e v o lu tio n  o f  th e  range in  th e  map a re a .

(g ) R e la tio n s h ip  o f f a u l t in g  and v o lc a n ic i ty

D is t r ib u t io n  o f th e  main v o lc an ic  so u rces  in  th e  Kamasia a re a  

su p p o rts  th e  g e n e ra l ly  a ccep ted  o b se rv a tio n  th a t  th e  l im i t s  o f both 

f a u l t in g  and volcanisra have m ig ra ted  tow ards th e  c e n tre  o f th e  R i f t ,  where 

th e  Q uaternary  a c t i v i t y  i s  c o n c e n tra te d . Very sm all amounts o f Q uaternary  

b a s a l t s  a re  ex cep tio n s  to  t h i s  g e n e r a l is a t io n :  P le is to c e n e  b a s a l t  flow s 

o ccu rred  in  th e  eroded f la n k s  o f th e  Ribkwo complex (Webb o p .c i t . )  and in  

th e  eroded  P lio cen e  (? )  su cc e ss io n  in  th e  h i l l s  e a s t  o f S i l a l e  (Golden 

pers.com m .). However, a s  f ig u r e  42 shows, no m ajor c e n tre s  a re  known 

o u ts id e  th e  l im i t s  o f c lo s e ly  spaced f a u l t in g ,  a lth o u g h  a t  any one s tag e  

th ey  may have been f a i r l y  g e n e ra l ly  d i s t r ib u te d  in  space w ith in  th o se  

l i m i t s .
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W ithin th e  g e n e r a l is a t io n ,  i t  i s  s ig n i f ic a n t  t h a t  vo lcanism  in  th e  

Kamasia does not seem to  be a s s o c ia te d  w ith  in d iv id u a l  f a u l t s ,  however 

la r g e ,  but can be c o r r e la te d  w ith  f a u l te d  f le x u re s  such a s  th e  K aparaina 

Range and th e  a re a  around and to  th e  n o rth  o f T i a t i .  A p o s s ib le  ex

p la n a t io n  fo r  t h i s  a s s o c ia t io n  l i e s ,  a s  su g g ested , in  th e  n ecessa ry  

e x ten s io n  which fo r  geom etric  re a so n s  cannot be exp ressed  by th e  f a u l t in g  

in  th o se  areas*

With reg a rd  to  th e  f a u l t in g - v o lc a n ic i ty  r e la t io n s h ip  in  tim e , Martyn 

d en ies  any s ig n if ic a n c e  in  th e  f a c t  th a t  m ajor f a u l t in g  o ccu rred  a f t e r  

th e  accum ulation  o f th e  Tugen H i l l s  Group and ag a in  a f t e r  th e  K aparaina 

Br'xsalts. Kent (1944) claim ed th a t  f a u l t in g  te rm in a te d  ep iso d es  o f 

v o lc a n ic i ty  but he invoked th e  com pressional h y p o th e s is  o f r i f t  fo rm ation  

to  ex p la in  t h i s .  The p re se n t w r i t e r 's  co n c lu s io n  i s  th a t  e a s t-w e s t 

te n s io n , no t com pression, was c e r ta in ly  th e  main te c to n ic  c o n tro l in  th e  

Kamasia bu t th a t  f a u l t in g  does indeed  te rm in a te  e ru p tiv e  ep iso d es  and th a t  

t h i s  i s  ad eq u a te ly  ex p la in ed  by th e  te n s io n a l  th e o ry : i t  i s  agreed  th a t  a  

r e g io n a l  te n s io n a l  s t r e s s  w i l l  f a c i l i t a t e  igneous in t r u s io n ,  p a r t i c u la r ly  

dyke in je c t io n  (Anderson 1942) w ith  consequent e x tru s io n  o f l a v a s . (The 

p la te a u  p h o n o lite s  a re  u s u a lly  supposed to  have been ex truded  from f i s s u r e s  

and a  la rg e  p ro p o r tio n  o f th e  b a s a l t s  c e r ta in ly  w ere .) R e l ie f  o f th e  

s t r e s s  by f a u l t in g  should  th e re fo re  have th e  re v e rse  e f f e c t  and in t r u s io n  

would be in h ib i te d ;  th e  g r e a te r  th e  s t r a i n ,  th e  more com plete i s  th e  

c e s s a t io n  o f  igneous a c t i v i t y ,  a  long  p e rio d  o f e ro s io n  o r sodim ont^ition 

in te rv e n in g  b e fo re  th e  nex t ev idence o f vo lcan ism . T his l a t t e r  e f f e c t  

was no ted  by Kent ( o p .c i t . )  and i t  i s  b e s t ex em p lified  in  th e  p re se n t 

a re a  by th e  n e a r -p la n a tio n  o f th e  sub-K abarnet su rfa c e  fo llo w in g  th e  

f i r s t  m ajor f a u l t in g .

The f i r s t  m ajor f a u l t in g  ep isode a ls o  su g g es ts  a c o r r e la t io n  between 

te c to n ism  and p e tro c h e m is try . That th e  f a u l t in g  was accompanied by deep- 

s e a te d  e v e n ts , p o s s ib ly  p re s su re  changes, in  o r below th e  c ru s t  i s  su re ly
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in d ic a te d  by th e  d i s t i n c t  change in  chem istry  o f th e  la v a s  e ru p ted  subse

q u e n tly , which form a b a s a l t-m u g e a r i te - tr a c h y te  a s s o c ia t io n  in  c o n tra s t  

to  th e  o ld e r  u n d e rsa tu ra te d  a s s o c ia t io n  dom inated by p h o n o lite s  (se e  P a r t  V) 

One might expect a  s im ila r  change to  have accompanied th e  P le is to c e n e  

f a u l t in g  which in v o lv ed  movements on th e  main sca rp  f a u l t s  o f m agnitude 

eqüal to  th o se  in  th e  e a r l i e r  ep iso d e . No such change i s  obvious, but 

re c e n t wet chem ical an a ly se s  (C arney, pers.com m .) s tro n g ly  suggest th a t  

many o f th e  Q uaternary  *Nginyang-type* b a s a l t s  (M artyn o p .c i t . ,  p .13?) 

a re  a lu m in a -ric h  and more s i l i c e o u s  th an  th e  e a r l i e r  ty p es  (b u t s t i l l  

f a l l i n g  in  th e  * a l k a l i c ' f i e l d ) .
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PART I I I ; GEOMORPHOLOGY

(a )  E a rly  m orpholog ical e v o lu tio n

F ig u re  45 i l l u s t r a t e s  th e  o v e ra l l  m orpholog ical and te c to n ic  

e v o lu tio n  o f th e  ran g es  in  th e  p re se n t a r e a .

As ï'fertyn shows ( o p .c i t . ,  f i g .  22 ) ,  th e  g re a te r  p a r t  o f th e  tim e 

span o f th e  Tugen H i l l s  Group i s  reco rd ed  by th e  in te r c a l a te d  sedim ents 

and in te r - f lo w  w eathering  h o r iz o n s . Thus i t  i s  th a t  th e  sed im ents rec o rd  

th e  f a u l t  movements, which w ere, a t  l e a s t  in  th e  l a t e r  s ta g e s , c o n s id e ra b le , 

but i t  ap p ears  th a t  never a t  any s tag e  (a p a r t  from th e  e a r ly  sca rp  

r e s t r i c t i n g  th e  low er S idekh  flow s n ear K ito  P ass) was th e re  any topo 

g rap h ic  b a r r ie r  to  th e  sp read  o f th e  p h o n o lite  flo w s. Accum ulation 

c o n tin u a lly  k ep t pace w ith  te c to n ism  and a t  any one tim e th e  landscape  

would have g iven  l i t t l e  h in t  o f th e  concealed  s t r u c tu r e .  However a t  

about 8 .0  m .y. B .P . th e  f a u l t in g  a c c e le ra te d  and th e  Kamasia f i n a l ly  

appeared  a s  a  p h y sio g rap h ic  e n t i ty  ( f i g .  4 5 ( d ) ) .

The f i r s t  m ajor f a u l t in g  ep isode  produced r e l i e f  on th e  main sca rp s  

am ounting i n i t i a l l y  to  a t  l e a s t  two th i r d s  ( 15OO to  2000 f e e t )  o f th e  

p re s e n t amount. The o v e rs te p  o f K abarnet T rachy te  un to  Tiim P h o n o lite  

su g g es ts  t h a t  th e  i n i t i a l  sca rp  must have been c o n s id e ra b ly  reduced  in  

h e ig h t by th e  tim e th e  t r a c h y te  was ex tru d ed . D esp ite  th e  c lo se  p ro x im ity  

o f th e  is o to p ic  d a ta  fo r  Sumet P h o n o lite  and K abarnet T rach y te , c o n s id e r- ' 

e ro s io n  o ccu rred  between th e  two la v a s .  T h is  in v o lv ed , c h ie f ly ,  th e  n ear 

p la n a t io n  o f most o f th e  a re a  o f th e  p re se n t d ip -s lo p e , even though t h i s  

was composed o f p h o n o lite  o v e rly in g  sed im ents in  t i l t e d  f a u l t - b lo c k s .  The 

su rfa c e  so formed -  e s s e n t i a l l y  a p ed ip lan e  -  c o n tra s te d  s tro n g ly  w ith 

th e  r e s id u a l  r id g e  ( in s e lb e rg )  a long  th e  c r e s t  o f th e  ran g e . A p re s e n t-  

day analogy can be seen  in  th e  a re a  to  th e  sou th -w est o f Nginyang where
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in s e lb e rg e , e .g .  Adonyasas, o f K aparaina B a sa lt  r i s e  a b ru p tly  from a  su rfa c e  

cu t a c ro ss  th e  same f a u l te d  and t i l t e d  fo rm atio n .

Where th e  sub—K abarnet su rfa c e  i s  cu t a c ro ss  p h o n o lite , th e  la v a  i s  

o f te n  deep ly  w eathered  to  a  s o f t  w h itish  ro ck , composed c h ie f ly  o f 

T k a o l in i te ,  T his i s  w e ll exposed a t  Y atya; on th e  main range i t  occurs 

e x te n s iv e ly  about h a lf-w ay  down th e  d ip -s lo p e . I t  i s  notew orthy  th a t  

n o th in g  resem bling  l a t e r i t e  o r re d  s o i l s  i s  ever seen  p re se rv ed  beneath  

th e  K abarnet T rac h y te s , a lth o u g h  l a t e r i t e  occurs e x te n s iv e ly  on th e  B asin 

G ishu P la te a u  and re d  s o i l s  on th e  h ig h e r p a r t s  o f th e  Kamasia. In  f a c t  

th e  w eight o f th e  ev idence now overw helm ingly su g g es ts  th a t  most o f th e  

re d  s o i l s  on th e  Kamasia and in  th e  Timboroa a re a  re p re se n t a  tim e span 

ex tend ing  in to  th e  e a r l i e r  Q uaternary  (n e a r  Timboroa th e y  l i e  on th e  

Q uaternary  Eldama Ravine T u ffs )  and t h e i r  e x te n t can in  f a c t  be c lo s e ly  

c o r r e la te d  w ith  th o se  a re a s  re c e iv in g  a t  p re se n t more th a n  40 in ch es  

o f r a in  p e r annum which means, in  e f f e c t ,  th o se  a re a s  w ith  an a l t i t u d e  o f 

7000 f e e t  p lu s .  I f  th e  'B a rto lim o  s h e l f  o f K abarnet T rachyte  does, a s  

suggested  in  P a r t  I I , p re se rv e  th e  o r ig in a l  a t t i t u d e  and a l t i t u d e  o f th e  

t r a c h y te s ,  th en  th e  o r ig in a l  a l t i t u d e  o f th e  sub-K abarnet su rfa c e  must 

have been l e s s  th an  6000 f e e t ;  t h i s  a l t i t u d e ,  being  w ith in  th e  R i f t ,  

would alm ost c e r ta in ly  have been to o  low, and th e re fo re  too  d ry , fo r  

l a t e r i t e  fo rm a tio n . I t  can be argued (K ing, pers.com m .) th a t  th e  l a t e r i t i c  

w eathering  p ro d u c ts  were removed by e ro s io n  consequent upon th e  f a u l t in g  

in  th e  Kamasia. I f  t h i s  o ccu rred  i t  i s  d i f f i c u l t  to  u n d ers tan d  how th e  

re d  s o i l s ,  now seen  on th e  Saimo ran g e , were p re se rv ed  on th e  deeply  

d is s e c te d  topography w hile  be ing  ab sen t from th e  n e a r -p la n a r  su rfa c e  

beneath  th e  t r a c h y te s .  None o f th e  younger sed im en tary  u n i t s  in  th e  

su ccess io n  shows evidence o f be ing  d e riv ed  by e ro s io n  o f l a t e r i t i c  a re a s  

w ith  th e  ex cep tio n  o f th e  la te - P le is to c e n e  K apthurin  Beds which a re  

predom inan tly  red-brow n in  c o lo u r , a s  a lso  i s  most o f th e  p re sen t a lluv ium -
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Sediment d e p o s it io n  a s s o c ia te d  w ith  th e  K abarnet T rach y tes  was in  

th e  p re se n t a re a  e n t i r e ly  co n fin ed , p robab ly  by minor f a u l t in g ,  to  th e  

a re a  e a s t  o f th e  main ran g e ; th e  com plete absence o f ro ck s  younger th an  

th e  K abarnet T rachyte  on th e  main range or th e  d ip  s lo p e  in d ic a te s  th a t  

spasmodic f a u l t  movement co n tin u ed  to  keep pace w ith  accum ulation  and 

r e s t r i c t e d  i t  to  th e  a re a  e a s t  o f th e  main s c a rp . However, K aparaina 

B asa lt c e r ta in ly  occu rs  in  th e  c r e s t  and e x te n s iv e ly  on th e  d ip -s lo p e  o f 

th e  range in  th e  so u th  (M artyn I 9 6 9 , L ippard  o p .c i t . ) ;  i t  i s  no t im p o ssib le  

th a t  th e  b a s a l t s  d id  sp read  to  th e  d ip -s lo p e  in  th e  n o rth  bu t have s in ce  

been e n t i r e ly  removed by e ro s io n .

Minor u n co n fo rm itie s  between K abarnet and K aparaina, and K aparaina and 

Kaperyon forraaticns record  th e  co n tinued  te c to n ic  a c t i v i t y  in  th e  e a s te rn  

f o o t h i l l s  and th e  f a u l t - a r c h  b e l t  but th e re  i s  no evidence th a t  a c tu a l  

to p o g rap h ic  f e a tu re s  e x is te d  in  t h i s  a re a  u n t i l  a m ajor f a u l t in g  ep isode 

in  th e se  a re a s  between 5 and 4 m .y. B .P . The subsequent geom orphological 

h i s to r y  o f th e  a re a  to  th e  e a s t  o f th e  main sca rp  h as  been examined in  

some d e t a i l ,

(b ) Topographic development o f th e  e a s te rn  f o o t - h i l l s

1 . G eneral

The two s a l i e n t  f e a tu re s  o f th e  p re se n t topography a re  th e  su p e r- 

im p o s itio n  o f th e  main E-W r iv e r s  on th e  f a u l t - a r c h e s  and h o r s ts  a t  Y atya, 

K i s i t e i  and Mukur, and th e  n e a r -h o r iz o n ta l  base o f th e  Ribon T rachyte  on 

a su rfa c e  cu t a c ro ss  a l l  fo rm atio n s  between th e  K abarnet T rach y tes , 

K aparaina B a sa lts  and Kaperyon F orm ation .

The rem arkable r e la t io n s h ip  o f main stream s to  s t r u c tu r e  -  a t  each 

o f th e  l o c a l i t i e s  m entioned above th e y  cu t a c ro ss  th e  h ig h e s t p a r t s  o f 

th e  s t r u c tu r e s  -  le d  to  th e  sea rc h  fo r  th e  su rfa c e  on which th e  d ra inage  

was i n i t i a t e d .  In  th e  f i r s t  p la ce  i t  was observed th a t  a  number o f th e  

h ig h e s t peaks e a s t  o f th e  main sca rp  had h e ig h ts  very  c lo se  to  4000 f e e t .
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T his  i s  in  f a c t  th e  average h e ig h t o f th e  b reak  in  s lo p e  a t  th e  fo o t o f 

th e  main sc a rp , but th e  summit le v e l  i s  m ain ta ined  eastw ard s, a s  th e  r iv e r  

v a l le y s  become deeper ( f i g .  46 ) .  Of s ix  summits w ith in  a  few f e e t  o f 

4000 f e e t ,  one i s  in  K abarnet T rach y te , fo u r a re  in  K aparaina Form ation 

(two low er, two upper t r a c h y te s  and in t r u s iv e  e q u iv a le n t)  and one in  

Kaperyon F orm ation . (The su rfa c e  o f th e  Ribon T rachy te  i s  a ls o  c lo se  to  

4000 f e e t  bu t t h i s ,  as w i l l  be c l e a r ,  i s  f o r tu i to u s . )

The ’4000 fo o t su m m it-lev e l’ i s  su g g es tiv e  but i t  i s  in  f a c t  a  low er 

s u r fa c e , between 38OO and 3300  f e e t ,  which can be more co n v in c in g ly  

dem onstrated  by a v a r ie ty  o f methods based on th e  to p o g rap h ic  map.

2 . P ro .je c te d -p ro f ile  model

Follow ing th e  methods o f B a r re l l  ( I 92O) and B ates (1939) a  p ro je c te d  

p r o f i l e  model o f th e  Bartabwa sh e e t (1 :3 0 ,0 0 0  sh ee t 90 /2) was c o n s tru c te d . 

The method in v o lv ed  su b d iv id in g  th e  map in to  E-W s t r i p s ,  fo r  which purpose 

th e  1 km, g r id  l in e s  were used , and determ in ing  th e  h ig h e s t  co n to u rs  

w ith in  th e  s t r i p s  a t  one te n th  o f an in ch  in te r v a l s  along  t h e i r  le n g th s .  

The p o in ts  o b ta in ed  were p lo t te d  on l / lO ” graph paper ( v e r t i c a l  exagge

r a t io n  i s  x 4 ), th e  p o in ts  jo in e d , graph paper g lued  to  cardboard  and th e  

p r o f i l e  cu t out w ith  a  m odelling  k n i f e .  The tw e n ty -e ig h t p r o f i l e s  were 

then  mounted, a t  th e  c o r re c t  h o r iz o n ta l  i n t e r v a l  in  a  s lo t t e d  wooden b ase .

The r e s u l t  shows r a th e r  w e ll, in  th e  w r i t e r ’ s view , th e  p resence  o f 

two s u r fa c e s :  th e  bu lk  o f th e  f o o t - h i l l s  a re a  i s  composed o f a  d is s e c te d  

su rfa c e  a t  between 38OO and 3300 f e e t .  The Ribon T rach y te , th e  base o f 

which i s  a t  an a l t i t u d e  o f 3300-3600 f e e t ,  p re se rv e s  p a r t  o f t h i s  s u r f a c e _ 

and i s  o u tl in e d  in  re d  on th e  p r o f i l e s .  The o th e r  prom inent su rfa c e  i s  

a t  28OO-3OOO f e e t  and, u n lik e  th e  h ig h e r l e v e l ,  i s  a s  obvious in  th e  f i e l d  

as  on th e  model; t h i s  i s  d e s ig n a te d  th e  ’Nginyang s u r f a c e ’ , a c ro ss  which 

advanced th e  Loyamarok P h o n o lite , a lso  o u tl in e d  in  r e d .
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3* A ltim e tr ic  frequency  cu rves

Two ty p e s  o f a l t im e t r ic  frequency  curve were p lo t te d  ( f i g .  4 9 ) .

In  th e  one type  th e  number o f c lo se d -c o n to u r sedim ents a t  v a ry in g  a l t i 

tu d e s  was p lo t te d ;  in  th e  o th e r ,  's p o t  e le v a t io n ' method, th e  h ig h e s t 

co n tou r in  each g r id  square  was found, and th e  frequency  o f th e  d i f f e r e n t  

a l t i t u d e s  p lo t te d ,  ( in  both  cases  th e  a re a  s tu d ie d  ( f i g .  4 8 )  was on ly  

th a t  to  th e  e a s t  o f th e  main sca rp  f a u l t  and exclud ing  th e  a re a s  o f th e  

Ribon T rachy te  and Loyamarok P h o n o lite  s in c e  t h e i r  s u rfa c e s  a re  o r ig in a l  

flow  s u r fa c e s , no t e ro s io n  s u r f a c e s . )  Both cu rves have a s tro n g  peak a t  

3700 f e e t  and th e  g r id -sq u a re s  a l t i t u d e s  curve has a peak a t  29OO f e e t  

re p re s e n tin g  th e  re c e n t Nginyang s u r fa c e . The l a t t e r  i s  n o t shown, 

o b v io u sly , on th e  c lo se d -c o n to u r summit curve s in c e  th a t  method i s  fo r  

in d ic a t in g  d is s e c te d  su rfa c e s  o n ly .

There i s  th u s  s tro n g  evidence fo r  a  lo c a l  su rfa c e  between 38OO and 

3600 f e e t  but d e s ig n a te d , fo r  convenience, th e  '3700  fo o t surface*  on 

w hich, i t  i s  p ro b ab le , th e  p re se n t d ra inage  l i n e s  were e s ta b l is h e d  and on 

to  which th e  Ribon T rachy te  was ex truded  a t  about 4 m .y. B .P , The 4000 fo o t 

summits may be rem nants o f a s t i l l  e a r l i e r  su rfa c e  and presum ably s tood  

above th e  low er su rfa c e  a s  in s e lb e r g s .  I t  i s  no tew orthy  th a t  no th rough 

E-W stream s c ro s s  th e  K aparaina Range to  th e  so u th  o f th e  p re se n t a re a , 

and i t  seems p robab le  t h a t  t h i s  f e a tu re  was a lre a d y  e s ta b l is h e d  a s  a  r id g e  

a t  th e  tim e o f th e  3700  fo o t s u r fa c e .

The f a u l t in g  ep isode  which a f f e c t s  th e  Ribon T rachyte  and L okw ale ib it 

b a s a l t  in  th e  n o r th - e a s t  o f th e  map a re a  by low ering base le r^ l in  th e  R if t  

c e n tre  presum ably caused th e  re ju v e n a tio n  o f th e  major stream s which 

became im paled on th e  exhumed h o r s ts  and f a u l t - a r c h e s  o f K abarnet T rach y te . 

The ra p id  incision o f th e  r i v e r s  was accompanied by a more g e n e ra l r e t r e a t  

o f th e  h i l l  s lo p es  from e a s t  to  west form ing th e  'Nginyang s u r fa c e ' which 

i s  e f f e c t iv e ly  th e  p re se n t lo c a l  b a s e - le v e l  o f e ro s io n . I t  may be empha

s iz e d  t h a t ,  in  c o n tra s t  to  th e  la v a - p la in s  e a s t  o f Nginyang, th e  Nginyang
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su rfa c e  i s  a  t r u e  e ro s io n  su rfa c e  cu t a c ro ss  f a u l te d  and t i l t e d  b a s a l t s  

and t r a c h y te s  w ith  v e ry  l i t t l e  su rfa c e  d e b r is .  The a re a  around Adonyasas 

and Chepuroraoi p ro v id es  a c la s s ic  example o f th e  in s e lb e rg  and pediment 

type  o f landscape w ith  sh arp  b reaks in  s lo p e  a t  th e  fo o t o f th e  h i l l s ,  

'pedim ent p a s se s ' and su rfa c e  ru n -o f f  c a r r ie d  in  a  m u ltitu d e  o f sm all 

r a d ia t in g  r i l l s  and g u l l i e s .

Had th e  Loyamarok P h o n o lite  advanced a  few m iles  f u r th e r  to  th e  west 

i t  would have com plete ly  concealed  th e  Nginyang su rfa c e  and i t  does in  

f a c t  alm ost b u t t  a g a in s t  th e  o ld e r  eroded h i l l s  a t  Chepuromoi. The la v a  

has d iv e r te d  th e  w e s t-e a s t  d ra in ag e  to  th e  n o rth  along  th e  f lo w -fro n t in  

th e  p re sen t Burususwa R iv e r . The sh arp  b reak  in  stream  p r o f i l e  e n ta i le d  

in  t h i s  d iv e rs io n  i s  ev idenced  by th e  g r a in - s iz e  o f th e  d e b ris  in  th e  

stream  beds: th e  sandy bed o f th e  Burususwa can be used  as  a  v e ry  rea so n a b le  

ro ad  ( f o r  la n d -ro v e rs )  southw ards from Nginyang to  th e  so u th ern  edge of 

th e  map, whereas p ro g re ss  i s  d r a s t i c a l l y  slowed by th e  co arse  cobb les and 

b o u ld ers  encoun tered  a s  soon as one tu rn s  o f f  in to  any o f th e  major 

t r i b u t a r i e s .

4 . P re se n t p ro cesses

The lo n g i tu d in a l  p r o f i l e s  o f th e  tru n k  stream s between th e  sca rp  fo o t 

and th e  Burususwa have in  g e n e ra l v e ry  even g ra d ie n ts  w hereas t h e i r  lo c a l  

t r i b u t a r i e s ,  in  th e  f o o t h i l l s ,  have s tro n g  concave p r o f i l e s  and in  many 

p la c e s  a re  th re a te n in g  to  c a p tu re , by headward e ro s io n , t h e i r  p a re n t 

stream  ( f i g .  5 2 ) .  I t  i s  su g gested  th a t  th e  e x p lan a tio n  fo r  t h i s  canniba

l i s t i c  behav iour i s  t h a t  th e  shape o f th e  p r o f i l e  o f th e  tru n k  stream  has 

been in h e r i te d  from th e  a n c ie n t '3700  fo o t s u r f a c e 'j  a lthough  re ju v e n a tio n  

has o ccu rred , in c re a se d  lo a d , due to  su b seq u en tly  in c re a se d  e ro s io n  of 

th e  main ran g e , and evidenced  by th e  wide b ra id e d  ch an n e ls , has p reven ted  

l a t e r  a l t e r a t i o n s  to  th e  p r o f i l e s  by do w n -cu ttin g . The sm all lo c a l  

t r i b u t a r i e s  on th e  o th e r  hand, unencumbered by d e b r is  from th e  main ran g e .
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a re  e rod ing  v igo rously*  Good examples a re  seen n ear Y atya: a  sm all stream  

so u th  o f and p a r a l l e l  to  th e  main stream  i s  v e ry  c lo se  to  c ap tu r in g  th e  

l a t t e r  a  few hundred y a rd s  upstream  from th e  v i l l a g e ;  s im ila r ly ,  an o th er 

r ig h t  bank t r i b u t a r y ,  a t  Kapgoyo th re e  m iles  n o rthw est of Y atya, has 

headstream s a t  a  d i s t i n c t l y  low er le v e l  th an  th e  bed o f th e  main stream  

only  fo u r hundred y ard s  away, (These d if f e r e n c e s  in  le v e l  cannot be 

seen  on th e  to p o g rap h ic  map bu t a re  c le a r  on th e  a e r i a l  photographs where 

t h e i r  e x is te n c e  was proved by p a ra l la x  te ch n iq u es  on th e  s te re o ra e te r •)

(c )  Development o f th e  main range

The d ra in ag e  on th e  main range and d ip -s lo p e  r e f l e c t s ,  in  g e n e ra l,

th e  o v e ra l l  s t r u c tu r e  much more c lo s e ly  th an  th a t  in  th e  e a s te rn  fo o t

h i l l s ,  even to  th e  e x te n t th a t  th e  Bartabwa r iv e r  fo llo w s th e  s lo p e  o f 

th e  te c to n ic  'g an g p lan k ' between th e  Saimo-Sumet and K ito  Pass f a u l t  

sy stem s.

However, t im e - c o r r e la t io n  o f m orphogenetic ev en ts  on th e  main Kamasia 

sca rp  w ith  th o se  in  th e  f o o t h i l l s  i s  d i f f i c u l t  and in v o lv e s  ap p aren t 

c o n tra d ic t io n s :  th e re  i s  good evidence (see B ut I I )  th a t  th e  Saimo f a u l t  

system  moved c o n s id e ra b ly  a t  about 1 .0  m .y. B .P . and th a t  th e  bu lk  o f 

th e  movement was downthrow a lo n e ; however any la rg e  movement on th e  main 

s c a rp  f a u l t s  in  th e  p re se n t a re a  would s u re ly  have a f f e c te d  th e  '3700  fo o t 

s u r f a c e ' which i s  da ted  by th e  is o to p ic  ages o f th e  Ribon T rachyte  a t  no

younger th a n  about 4 m il l io n  y e a r s .  No such d is tu rb a n c e  i s  ev id en t -

th e  Ribon T rachy te  i s  s t i l l  a  h o r iz o n ta l  p la te ,  except a t  i t s  e a s te rn  

m argin where i t  has been d o w n -fau lted . On th e  o th e r  hand, th e  deeply  

in c is e d  main s tream s o f th e  Kamuiton sca rp , internipted by w a te r f a l ls  a t  th e  

same le v e l  but on d i f f e r e n t  s u b s t r a ta ,  to g e th e r  w ith  la rg e  f a c e ts  on th e  

spurs,seem  to  in d ic a te  a  re ju v e n a tio n  o f th e  Saimo F a u l t ,  a t  l e a s t ,  a t  

a f a i r l y  re c e n t d a te . The sm a lle r  s tream s, w hile  la c k in g  th e  w a te r f a l l  

k n ic k -p o in ts  and deep in c is io n ,  o f te n  have a d i s t i n c t  break in  p r o f i l e  

a t  about 30^0 f e e t ,  e .g .  th e  stream  im m ediately  e a s t  o f Kamuiton summit.
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Large w a te r f a l l s  on th e  Panwa, Chepkokel, T eren in  and Bargetyo r iv e r s  a re  

a t  4700 , 4600, 4800 and 4800 f e e t  re sp e c tiv e ly *  a t  h o rizo n s  between th e  

to p  o f th e  Sidekh P h o n o lite s  and th e  base o f th e  Muruywr Beds. The fo o t 

o f th e  p re se n t sca rp  i s  a t  about 4000 f e e t  a t  which h e ig h t th e  '3700 fo o t 

s u r fa c e ' and th e  4000 fo o t summit le v e l  converge, and i t  th u s  appears  th a t  

th e re  has been re c e n t re ju v e n a tio n  o f th e  Saimo F a u lt  in  th e  o rd e r o f 800 

to  1000 f e e t .

In  th e  p re se n t a re a  th e  so u th ern  and n o rth e rn  p a r ts  o f th e  main range 

show s t r ik in g  ph y sio g rap h ic  c o n t r a s t s :  th e  so u th ern  a re a  ( th e  Kamuiton range) 

has been deeply  d is s e c te d  by pow erfu l stream s flow ing  eastw ards down th e  

s c a rp , and a s  a  r e s u l t  th e  w atershed  l i e s  w e ll to  th e  west o f th e  topo

g rap h ic  c r e s t  o f th e  ran g e , marked by th e  summits a t  63OO f e e t  p lu s ,  and 

i s  l i k e l y  to  advance, by stream  c a p tu re , even f u r th e r  w est. In  th e  n o rth  

th e  Sidekh Range h as on ly  shallow  and even d is s e c t io n  o f th e  sca rp  s lo p e , but 

th e  d ip  s lo p e , in  com plete c o n tr a s t  to  th a t  in  th e  sou th  and c e n tr e ,  has 

been very  deep ly  d is s e c te d  in d eed , a s  shown by th e  n o r th w e s te r ly  tre n d  of 

th e  ou tc ro p  p a t te r n .  A p o s s ib le  e x p lan a tio n  i s  th a t  whereas in  th e  sou th  

th e  main sc a rp  h as a  long  h i s to r y  o f re ju v e n a tio n  and e ro s io n  bu t th e  p re sen t 

d ip -s lo p e  i s  o f f a i r l y  re c e n t d a te  ( l .O  m .y. B .P .) ,  in  th e  n o rth  th e  o p p o site  

i s  th e  case : th e  S idekh Range a s  a  te c to n ic  f e a tu re  must be o f co n sid e rab le  

age and th e  d is s e c t io n  o f th e  d ip -s lo p e  p o s s ib ly  d a te s  from th e  f i r s t  major 

f a u l t in g  ep iso d e ; th e  p re se n t s c a rp , however, i s  la r g e ly  th e  p roduct of 

Q uaternary  f a u l t  movement w ith  th e  r e s u l t  t h a t  th e  d ra inage  o f th e  main 

Sidekh Range has w ith  i t s  m u ltitu d e  o f sm all e q u id is ta n t  stream s a 

d i s t i n c t l y  'young* ap p earan ce .

( d) Development o f th e  d ip -s lo p e

The predominaLnt t re n d  o f th e  stream s on th e  tra c h y te  d ip -s lo p e  was, 

a t  one tim e , DTW-SE, p a r a l l e l  to  th a t  p re se rv ed  in  th e  n o rth  by th e
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Chemoigut and Simniyon r i v e r s .  Very few v i s ib l e  f a u l t s  fo llow  t h i s  t re n d  

and i t s  p resence  on th e  homogenous tra c h y te  su rfa c e  as  w e ll a s  on th e  

o u tc ro p  p a t te r n  o f th e  Tugen H i l l s  Group in  th e  n o rth  make i t s  e x p lan a tio n  

d i f f i c u l t .  A re g io n a l  s lo p e  may be p o s tu la te d  but th e  e x tra o rd in a ry  

p a ra l le l i s m  o f th e  s tream s must s u re ly  in d ic a te  some s t r u c tu r a l  c o n tro l in  

a d d i t io n .

The p re se n t d ra in ag e  on th e  tr a c h y te  d ip -s lo p e  has a  t r e l l i s e d  p a t te r n  

o f which th e  components a re  th e  a n c ie n t n o r th -w e s te r ly  t r e n d , th e  younger 

westward l i n e s  dov/n th e  p re se n t d ip -s lo p e  and o th e r  rough ly  n o rth -so u th  

l i n e s  c o n tro l le d  by f a u l t s .  The main stream s a re  o f te n  deep ly  in c is e d  

and o ld e r  v a l le y s  have been abandoned a t  h ig h e r l e v e l s -  T h is i s  even 

b e t t e r  seen  in  th e  a re a  to  th e  so u th  o f th e  p re se n t map and i s  w e ll i l l u s 

t r a t e d  by Martyn ( 1969) .  In  th e  so u th e rn  a re a s  th e re  a re  in v a r ia b ly  

prom inent k n ic k -p o in t w a te r f a l l s  where th e  p la te a u  stream s plunge in to  

t h e i r  in c is e d  low er v a l le y s .  T his was ex p la in ed  by Martyn as  due e n t i r e ly  to  

th e  Q u aternary  t i l t i n g  o f th e  d ip -s lo p e , but i t  i s  obvious th a t  such t i l t i n g  

cou ld  on ly  cause in c re a s e d  e ro s io n  a long  th e  whole le n g th  o f a  stream  and would 

no t cause k n ic k -p o in ts .  K n ick -p o in ts  would be caused  by a sharp  b a se - le v e l 

low ering  but th e re  i s  no ev idence fo r  t h i s  in  th e  K erio  V a lley . The 

evidence in  th e  p re s e n t a re a s  fo r  an o ld e r  n o rth -w es t tre n d in g  system  

which has  been tak en  over by stream sflov /ing  more d i r e c t ly  westward su g g es ts  

th e  e x p la n a tio n  shown in  f ig u re  30 • S teepen ing  o f th e  d ip -s lo p e  in  a  

westward d i r e c t io n  caused  s tro n g e r  e ro s io n  by th e  w est-flo w in g  subsequent 

t r i b u t a r i e s  o f th e  o ld  s tre a m s . The form er cu t back u n t i l  th ey  cap tu red  

th e  o r ig in a l  tru n k  s tre am s . K n ick -p o in ts  o r ig in a te d  a t  th e  p o in ts  o f 

c a p tu re , th e n  m ig ra ted  f u r th e r  up th e  system , p o s s ib ly  e f fe c t in g  fu r th e r  

c a p tu re s  and in c is io n  o f th e  main s tre am s. ( I f  th e  Sidekh Range was 

a ls o  t i l t e d  a t  t h i s  tim e i t  i s  l i k e l y  th a t  th e  stream s in  th a t  a re a  were 

a lre a d y  to o  deep ly  in c is e d  to  be g r e a t ly  a f f e c te d  by th e  change in  

re g io n a l  s lo p e  (se e  a b o v e ) .)



(o) Before Quaternary tilting

(c) Capture of originel consequents. 

V  : knick points

(b) Quoternory tilting : headword erosion by new 
consequent streams

(d) Migration of knick points , causing incision of
originel volleys

FIG, 50 DEVELOPMENT OF THE DIP-SLOPE DRAINAGE (DIAGRAMMATIC )
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In  th e  sou th -w est o f th e  map th e  e ro s io n  o f th e  tra c h y te  has re v e a le d  

th e  u n d e rly in g  p h o n o lite s  and e x te n s iv e ly  exposed Ngorora Form ation, in  

a  la rg e  embayment. T h is  i s  th e  most n o r th e r ly  o f a  s e r ie s  o f such v a lle y s  

(M artyn I 969 ) and th e  w r i te r  a g re e s  w ith  Martyn in  a s c r ib in g  t h e i r  

form ation* fo llo w in g  i n i t i a l  r i v e r  e ro s io n , la r g e ly  to  la n d s l ip p in g , of 

t r a c h y te  on th e  sed im en ts , around t h e i r  m arg ins. The u n d u la tin g  f lo o r  

o f th e  embayment i s  n e a r ly  everywhere m antled by tra c h y te  d e b r is ,  o f te n

in  th e  form o f huge, a p p a re n tly  in  s i t u ,  unbroken m asses.

The K erio  V a lley  i s  f lo o re d  by v e ry  g e n tly -s lo p in g  a l l u v i a l  p la in s  

w ith  few w e ll-d e f in e d  w a te r -c o u rse s . N orth o f th e  a re a  th e  K erio p la in s  

form a  broad  p e d ip la in  su rfa c e  which s lo p es  g e n tly  up to  a  sharp  b reak  in  

s lo p e  a t  th e  w estern  fo o t o f th e  T i a t i  ra n g e . T his has been d e sig n a ted  

th e  'K erio  s u r fa c e ' by Webb ( o p .c i t . )  and p ro v id e s , perhaps even b e t te r  

th an  th e  'N ginyang s u r f a c e ' , an example o f th e  ty p e  o f landscape covered 

by th e  f lo o d s  o f K abarnet T rachy te  a t  an e a r l i e r  d a te . The f l a t  f lo o r s

o f th e  Chemoigut and nearby  s tream s on th e  n o r th e rn  edge o f th e  map a re

th e  most s o u th e r ly  f i n g e r - t i p s  o f th e  K erio su r fa c e ;  i t  i s  h e re  a t  an 

a l t i t u d e  o f J>oOO f e e t ,  tem pting  t e n ta t iv e  c o r r e la t io n  w ith  th e  '37^0 fo o t 

su rface*  to  th e  e a s t  o f th e  ran g e .

(c) Landslip

In  a re a s  where com petent la v a s  o v e r l ie  sed im ents slum ping o f th e  

r o t a t i o n a l  type  i s  common. I t  i s  b e s t developed on th e  m argins o f tra c h y te  

p la te a u x  such a s  Ribon where th e  Ribon T rachy te  r e s t s  on Kaperyon 

Form ation , n ea r Yatya (K abarnet T rachy te  on Mpesida Beds) and e x te n s iv e ly  

on th e  d ip -s lo p e  w herever th e  K abarnet T rach y tes  r e s t  d i r e c t ly  on th e  

Ngorora F orm ation .

In  c ro s s - s e c t io n  ( f i g .  5 1 )  th e  slum ping produces a  s e r ie s  o f t i l t e d  

b lo c k s , o f which th o se  f u r th e s t  from th e  p la te au x  may have been ro ta te d



lave sQdiments

FIG. 51 L A N D S L I P ,  SHOWING SLI P CU ESTAS

W Main scarp

Eastern foot-hills Burususwa R-

lo ng i tu d ina l  p r of i le  of  t r unk  s t reom

" prof iles  of c a n n i b a l i s t i c  t r ib u ta r ie s

FIG. 52 C A N N I B A L I S T I C  T R IB U T A R IE S  ON THE TRUNK

S T R E A M S  IN THE EASTERN F O O T - H I L L S  C Diagrammatic 

s e c t i o n  with g r e a t  ver t ica l  e x a g g e ra t io n  ")
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to  th e  v e r t ic a l*  In  p la n , th e  s l i p s  compose a s e r ie s  o f p a r a l l e l  r id g e s ,  

o r ’ s l ip - c u e s ta s * , th e  -fcrace of which c lo s e ly  fo llo w s th e  o u t l in e  o f th e  

remnant p la teaux*  I t  i s  assumed th a t  th e  s l ip - c u e s ta s  f u r th e s t  from th e  

p la te a u x  a re  th e  o ld e s t  and th a t  te n s io n  c rack s  c lo se  to  th e  edge o f th e  

p la te a u x  in d ic a te  in c ip ie n t  new slum ps. Where th e  superincum bent la v a  

i s  more th an  a  th in  capping , o r where th e  s t r a t a  d ip  dow n-slope, o r 

b o th , th e  s l i p  te n d s  to  be c h a o tic , r a th e r  th an  in  th e  form of s l i p -  

cuestas*

V ita l  to  th e  movement o f s l ip - c u e s ta s  ap p ears  to  be th e  p resence  

o f space in to  which th e  ' t o e '  o f th e  s l i p  can advance. For example 

on R ibon, a lth o u g h  slum ping occurs  e x te n s iv e ly  on th e  n o rth e rn  and 

e a s te rn  s id e s ,  i t  i s  ab sen t from th e  narrow n o r th -so u th  v a lle y  in  th e  

e a s t  o f th e  p la te a u  presum ably because th e re  i s  no room fo r  a slump 

to  s l id e  in to ,  th e  two s id e s  o f th e  v a l le y  th e re  form ing an in v e r te d  

s t r u c tu r a l  airch.
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PART IV; PETROGRAPHY

Presentation of the pétrographie data largely follows the scheme 

adopted by Ear kin ( I 96O) in his account of the Rungv/e volcanics. In 

particular, the rock nomenclature and tabulated thin-section descriptions 

are based on Earkin, with appropriate modifications. The Rungwe memoir 

is the most comprehensive pétrographie account of an East African vol

canic province and comparisons with the Rungwe rocks, in particular, 

are made throughout the present work.

BASALT

OLIVINE-EASALT 

PICRITIC BASALT

FELDSPARPEYRIC BASALT 

DOLERITE

EAWAIITE

MUGEARITE

AEALCITE-EAWAIITE
ANALCITE-MUGEARITE

NEPEELINE-EAWAIITE

TRACEYMUGEARITE

ANALCITE-TRilCHWGEARITE ;

TRACEYTE

(a) Nomenclature

plagioclase (average >  Au^q ) augite and 
ore essential,

basalt with total olivine >10^,

basalt v/ith olivine and augite phenocrysts to
gether totalling but total feldspar not 
less than
basalt with phyric plagioclase

basaltic mineralogy but medium grained 
texture. Usually ophitic,

basaltic mineralogy but plagioclase averaging 
between An^g and An^g.
basaltic mineralogy but plagioclase <  An^g, 

hawaiite and mugearite with primary analcite>10^,

hawaiite with nepheline ' > 3%*

(’Benmoreite’) plagioclase (ave. <2 An^o) and 
alkali feldspar each between 1/3 & 2/3 of the 
total.
(?*Tahitite*) trachymugearite with primary 
analcite >10/,

alkali-feldspar >2/3 of the total.



129

ALKALI-TRi\CHYTE

QUARTZ-TRACHYTE

QUARTZ-ALKALI-TRACHYTE

PHONOLITIC TRACHYTE

TRACHYPHONOLITE

PHONOLITE

tra c h y te  w ith  a l k a l i  raafics p rom inent.

t r a c h y te  w ith  acce sso ry  q u a r tz .

( 'P a n t e l l e r i t e ' ) a lk a l i - t r a c h y te  w ith  

acc e sso ry  q u a r tz ,

t r a c h y te  w ith  n ep h e lin e  up to  lO^j,

t r a c h y te  w ith  n ep h e lin e  between 10 and 1 3 / .

t r a c h y te  w ith  n ep h e lin e  > 1 3 / .  U sually  

v e ry  f in e -g ra in e d  o r a p h a n i t ic .

These d e f in i t io n s  a re  based on th in - s e c t io n  d e s c r ip t io n s  a lo n e ; 

th e  a v a i la b le  chem ical d a ta  a llo w s some re fin em en t o f th e  c l a s s i f i c a t i o n .  

Thus th e  b a s a l t s  and o l iv in e  b a s a l t s ,  which have w ith o u t ex cep tio n  an 

' a l k a l i c ' m in e ra l com position , com prise th e  ' a l k a l i  b a sa lts*  o f Yoder 

and T i l le y  ( I 962 ) and ' a lk a l i c  b a sa lts*  ( <  3 /  modal o l iv in e )  and 

*a lk a l i c  o l iv in e -b a s a l ts *  ( >  3/  modal o l iv in e ,  < 3/  norm ative n ep h e lin e ) 

o f Macdonald and K atsu ra  (19&4). There i s  no in d ic a t io n ,  from e i th e r  

p e tro g rap h y  o r p e tro c h e m is try , o f t h o l e i i t i c  o r c a lc - a lk a l in e  a f f i n i t i e s  

in  any rock  examined,

Tlie name 'h aw a iite*  (Id d in g s  1913) i s  adopted a s  proposed by 

Macdonald ( I 96O) fo r  a lk a l i c  b a s a l t s  c h a r a c te r is e d  by an d esin e , r a th e r  

th an  l a b r a d o r i t e .  Both h a w a iite s  £ind m u g earite s  occur th roughout th e  

p rov ince  but have in v a r ia b ly  been d e sc rib e d  p re v io u s ly  a s  'a n d é s ite s*  

and *tra c h y a n d o s ite s * , Tlie Rungwe 'a n d é s ite s*  and ' tra ch y an d es ite s*  

(Lehmann 1924, H arkin  I 96O) a re  a ls o  a lk a l ic  ro c k s , more a p p ro p r ia te ly  

term ed 'h a w a i i t e ',  'm ugearite*  o r 'trach y m u g earite*  (see  below ).

The m u g earite s  g e n e ra l ly  f a l l  in to  th e  chem ical range o f m ugearites 

from Sl<ye (H arker 1904), New Zealand (Benson and Turner 1940) and Hawaii 

(Macdonald I 968 ) bu t v e ry  few have th e  t e x tu r a l  c h a r a c te r i s t i c s  o f th e  

Skye ro c k s . The ' trachym ugearites*  a re  th e  ' benm oreites* o f T i l le y ,

Yoder and S c h a ire r  ( I 963 ) and th e  ' m u g e a r ite - tra c h y te s ' o f Macdonald 

( 1968 ) ,  Of th e  th r e e  a v a i la b le  names th e  w r i te r  p re fe r s  't r a c h y m u g e a r i te '.
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13 adopted  by Martyn ( I 969 ) fo r  c e r ta in  la v a s  from th e  p re se n t p é tro g ra p h ie  

p ro v in ce .

The u n d e rsa tu ra te d  b a s ic - in te rm e d ia te  la v a s  from th e  Noroyan Form ation 

p re se n t a nom en cla tu ra l problem which, to  th e  w r i t e r 's  knowledge, has n o t 

been much d iscu ssed  in  th e  l i t e r a t u r e .  S im ila r  rocks from th e  Saimo a re a  

were d e sc rib e d  by Martyn as  ' a n a lc i t e - b a s a n i te s ' and ' a n a l c i t e - t e p h r i t e s ' ; 

th e se  ro ck s  have a  much h ig h e r  co lo u r index  th a n  th e  Noroyan v a r i e t i e s  

but th e  fe ld s p a r  i s  in  most c a se s  a n d es in e . The term s ’a n a lc i te - h a w a i i te ' 

e t c .  appe-ar to  be th e  l e a s t  cumbersome and most a c c u ra te ly  in fo rm a tiv e  o f 

th e  names a v a i la b le  (se e  W illiam s, 1964),

The p re f ix  ' a l k a l i - ' in  th e  case  o f th e  t r a c h y te s  would seem to  be 

su p e rflu o u s  to  th e  e x ten t t h a t ,  by d e f in i t io n ,  a l l  t r a c h y te s  a re  s tro n g ly  

a lk a l in e  ro c k s . However, in  Kenya, th e  term  i s  in  g e n e ra l  use ( e .g .

Baker 1938) to  denote p e ra lk a lin e  t r a c h y te s  w ith  an abundance o f sod ic  

m afic m in e ra ls .

The ad o p tio n  o f 13 per cen t a s  th e  d e f in i t iv e  low er l im i t  o f modal 

n ep h e lin e  in  'p h o n o l i te s ' (a s  d i s t i n c t  from ' t r a c h y p h o n o l i te s ') d i f f e r s  

from th e  more normal use o f th e  10 p e r cen t l i m i t .  In  f a c t  th e  13 p er cen t 

d iv is io n  i s  th e  m ost, i f  n o t th e  o n ly , n a tu ra l  boundary in  th e  whole group 

o f th e  fe ls ic  d i f f e r e n t i a t e s ,  a  d i s t i n c t  chem ical h ia tu s  o c cu rrin g  between 

th e  'p h o n o l i te s ' and th e  't r a c h y p h o n o l i te s ',  whose low er n ep h elin e  l im i t  

i s  s t i l l  d e fin ed  a t  10 p e r c en t modal n e p h e lin e .

In  Kenya th e  p h o n o lite s  (sen su  l a to )  have unique te rm in o lo g ic a l prob

lems w ith  long  h i s t o r i e s ,  to  be d iscu ssed  in  a l a t e r  s e c t io n ,

(b) M ineralogy 

1 , P la g io c la se  f e ld s p a r s

P la g io c la se  com positions were determ ined  by e x t in c t io n  an g le s  u sing  

M ichel-L evy 's  method and combined C a r ls b a d -a lb i te  tw in s . Com positions 

in  th e  Noroyan Form ation average <  An^g, w hile  th o se  in  th e  younger b a s a l t s
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average >An^Q, Com positions become d i f f i c u l t  to  determ ine in  th e  more 

fpüsic ty p e s  e s p e c ia l ly  where i n t e r s t i t i a l  a lk a l i  f e ld s p a r  i s  p re s e n t, and 

i t  i s  su sp ec ted  th a t  in  in te rm e d ia te  ro ck s  such as  th e  tra ch y m u g ea rite s  

th e  groundrnass f e ld s p a r  may be p o ta s h -o lig o c la s e . P la g io c la se  pheno

c r y s ts  a re  u s u a lly  s tro n g ly  zoned from c a lc ic  la b r a d o r i te  and o f te n  show 

good o s c i l l a to r y  zon ing . Twinning i s  u s u a lly  C a r lsb a d /A lb ite . As in  

th e  Rungwe ro ck s  ta b u la r  g lom erophyric p la g io c la s e  sometimes shows 

c ru c ifo rm  in te rg ro w th .

2 . A lk a li  f e ld s p a r s

The a lk a l i  f e ld s p a r  o f th e  s a l i c  ro ck s  seems to  be san id in e  more 

commonly th an  a n o rth o c la se  a lth o u g h , a g a in , groundrnass d e te rm in a tio n s  

a re  d i f f i c u l t .  Normative fe ld s p a r  p ro p o r tio n s  in d ic a te  com positions ve ry  

c lo se  to  Or^y in  th e  m a jo rity  o f c a se s , w ith  some o f th e  o ld e r  p h o n o lite s  

being  more v a r ia b le  in  bo th  d i r e c t io n s ,

S an id in e  i s  d e f in i t e ly  more common th an  a n o rth o c la se  a s  p h en o cry sts , 

but th e  l a t t e r ,  a s  rhombs, i s  dominant in  a  few o f th e  o ld e r  p h o n o lite s  

and in  th e  tr a c h y te s  o f th e  K aparaina Form ation where in  ap hy ric  ty p es  i t  

may a ls o  compose th e  groundrnass. A northoclase  i s  d is t in g u is h e d  by po ly 

s y n th e t ic ,  o f te n  c ro s s -h a tc h e d , tw inn ing  and patchy  e x t in c t io n .  S an id ine  

p h en o cry sts  a re  u s u a lly  l a th s  which a re  sim ple C arlsbad  tw in s . Low 2V 

an g les  a lso  in d ic a te  s a n id in e .

3 . Pyroxenes

In  th e  b a s a l t i c  ro ck s  th e re  i s  a d i s t in c t io n  between th e  a u g ite s  of 

th e  Noroyan Form ation and th o se  o f th e  younger la v a s .  In  th e  o ld e r rocks 

th e  component phenocryst ( o f te n  glom erophyric) i s  a pink-brown o r p u rp le  

a u g ite  in  which {lOO] and [OlO^ dominate th e  prism  form [U O ] , g iv in g  

n e a r ly  re c ta n g u la r  b a sa l s e c t io n s ;  in  th e  l e s s  b a s ic  d i f f e r e n t i a t e  of 

t h i s  fo rm ation  th e  p h y ric  a u g ite  i s  sometimes a very  p a le  green  in  c o lo u r . 

In  th e  younger b a s a l t s  th e  a u g ite  i s  a  p a le  b u ff  co lo u r and [lOO'\ , (llO^
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and [010] a re  e q u a lly  developed, g iv in g  equ id im ensional oc tag o n a l s e c tio n s  

o f te n  somewhat co rroded ; in  c o n tra s t  to  th e  abundant p h en o cry sts  o f th e  

o ld e r  la v a s ,  p h y ric  a u g ite  never exceeds o th e r  p h en o cry sts  in  th e  younger 

la v a s  and may be r a r e  o r ab sen t from ro ck s  w ith  common p la g io c la s e  and 

o l iv in e  p h e n o c ry s ts . Simple and h o u r-g la s s  zoning i s  seen and sim ple 

tw inn ing  i s  no t uncommon in  th e  Noroyan la v a s .

Groundrnass a u g ite  i s  commonly in  th e  form o f s h o r t p rism s. In  th e  

l e s s  b a s ic  la v a s  o f th e  Noroyan Form ation th e se  may be g re e n ish  in  c o lo u r .

O p h itic  a u g ite  occu rs  in  th e  d o le r i t e s  o f th e  Rurmoch and Y epkarat 

s i l l s .  The co lo u r i s  a  more in te n s e  brov/n th an  in  th e  b a s a l t i c  la v a s  of 

th e  same ag e . S u b -o p h itic  a u g ite  a lso  occu rs  in  th e  Nginyang B a sa lt  (n o t 

on th e  map) which, however, i s  q u ite  d e f in i t e ly  a su rfa c e  flow .

The commonest pyroxene o f th e  f e ls ic  la v a s  i s  a e g i r in e - a u g i te .  C ry s ta ls  

a re  f r e q u e n tly  zoned outw ards to  com positions c lo s e r  to  a e g ir in e ;  th e  

a e g ir in e  co n ten t i s  gauged by in c re a s e  in  th e  i n t e n s i t y  o f th e  g reen  co lo u r 

and of p leochro ism , and a lso  very  low e x t in c t io n  a n g le s . M icro -phenocrysts  

in  th e  t r a c h y te s  a re  commonly very  ragged , being  surrounded by 'spongy ' 

rim s in  which pyroxene p o i k i l i t i c a l l y  en c lo ses  ground-m ass n e p h e lin e , 

a f e a tu re  a ls o  no ted  in  th e  Rungwe ro ck s  (H arker o p .c i t . ) .  Groundrnass 

sod ic  pyroxene i s  in  th e  form of sh red s  and p o i k i l i t i c  p a tch e s , o f te n  

in t im a te ly  a s s o c ia te d  w ith  a  blue-brow n sod ic  am phibole,

H arkin  re c o rd s  th e  freq u e n t occurrence  o f 'a e g i r in e ' and 'a e g i r in e -  

a u g i te ' co re s  in  t i t a n a u g i t e  o f th e  b a s a l t i c  la v a s  but t h i s  was no t seen 

in  any rock  from th e  p re se n t a r e a .  (M artyn, however, re c o rd s  ' d io p s id ic ' 

co re s  in  a u g ite  from an ankaram ite  o f th e  Saimo B asan ite s  Form ation and 

th e  w r i te r  has observed  green  co re s  in  p ink  a u g ite  in  an in te rm e d ia te  rock  

c o l le c te d  by J .  S cea l from th e  L a ik ip ia  E scarpm ent.)

P hyric  pyroxene in  th e  Tugen H i l l s  Group p h o n o lite s  d e sc rib ed  as 

d io p s id ic  a u g i te ,  in  th e  t a b le s ,  i s  p robab ly  fe rro -h e d e n b e rg ite  

( l .L ,  G ibson, pers.com m .), bu t a e g ir in e - a u g i te  i s  common in  th e  ground-m ass.
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The p h en o cry sts  resem ble th e  a u g ite s  o f th e  Tugen H i l l s  Group b a s a l t i c  

la v a s  in  th e  weak development o f th e  [ l lO ]  form . S im ila r  ’ d io p s id ic  

a u g i te ' p h en o c ry s ts , a s  a t te n u a te  p rism s, a lso  c h a r a c te r is e  th e  t r a c h y te s  

o f th e  K aparaina Form ation , where th e  a n o rth o c la se  ap p ears  to  have 

m onopolised th e  a v a i la b le  sodium. The m in era l a ls o  o ccu rs , but i s  very  

r a r e ,  in  th e  ILabarnet T rac h y te s .

4 . A enigm atite

T h is m in era l i s  r a r e ly  ab sen t from th e  groundmass o f th e  f e ls ic  ro ck s , 

and o v e ra l l  i t  i s  p robab ly  th e  most abundant m afic m in era l in  th o se  

ty p e s . I t  i s  c h a r a c te r is e d  by in te n s e  a b so rp tio n  and p leochro ism  in  

very  dark  brown and red d ish -b ro w n . H arkin (o p .c i t . )  s t a t e s  t h a t  i t  i s  

d i f f i c u l t  to  d is t in g u is h  t h i s  m in era l from k a ta p h o r i te - ty p e  am phiboles, 

bu t th e  in te n s e  co lo u r seems to  be d i s t in c t iv e  in  th e  Kamasia la v a s .

3 . Amphiboles

A lk a li  am phiboles a re  common in  th e  f e ls ic  ro ck s  where a  number of 

v a r i e t i e s  a re  p re s e n t .  I t  a lm ost in v a r ia b ly  occu rs  i n t e r s t i t i a l  in  th e  

groundmass and o p t ic a l  d e te rm in a tio n s  a re  very  d i f f i c u l t .  Exam ination o f 

th e  l i t e r a t u r e  and d is c u s s io n  w ith  c o lle a g u e s  su g g es ts  t h a t  in  th e se  

c ircu m stan ces , i d e n t i f i c a t i o n  te n d s  to  be somewhat s u b je c t iv e .

The w r i te r  fo llo w s M artyn in  t e n t a t i v e l y  naming th e  a l k a l i  am phiboles 

on th e  g e n e ra l a sp e c t o f th e  p le o c h ro ic  schem es. Thus, am phiboles v/ith  

blue-brow n co lo u r a re  r e f e r r e d  to  a r fv e d so n i te  and i s  th e  commonest v a r ie ty  

in  th e  t r a c h y te s .  Red-brown and yellow -brow n c o lo u rs  id e n t i f y  k a ta p h o r ite  

which i s  th e  commonest type  in  th e  Tugen H i l l s  Group p h o n o lite s  v/ith th e  

ex cep tio n  o f th e  Sumet P h o n o lite  (E w alel Form ation) where p o i k i l i t i c  

a r fv e d s o n i te  i s  n e a r ly  a s  abundant a s  a e g i r in e - a u g i te .  K a tap h o rite  a lso  

o ccu rs  in  m u g earite s  and tra ch y m u g ea rite s  o f th e  K aparaina and Noroyan 

F o rm ations. An am phibole o c cu rrin g  a s  r a r e  m icro -phenocrysts  in  a q u a r tz -  

t r a c h y te  o f th e  K abarnet i s  i d e n t i f i e d  by an in te n s e  in d ig o -b lu e  co lo u r 

a s  r i e b e c k i t e .
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Common hornblende occurs  as  sp a rse  m ic ro -phenocrysts  in  some q u a r tz -  

t r a c h y te s  o f th e  K aparaina Form ation .

P rism a tic  p h en o cry sts  o f a  s tro n g ly  p le o ch ro ic  (red-brow n, brow nish- 

ye llow , p a le  yellow ) am phibole a re  common in  th e  Noroyan F orm ation . 

E x tin c tio n  an g les  a re  alw ays c lo se  to  z e ro . Sim ple tw inn ing  i s  p re s e n t .  

The c r y s ta l s  in v a r ia b ly  show s tro n g  re s o rp t io n  rim s o f ore and a u g ite  

and a re  f r e q u e n tly  e n t i r e ly  re so rb e d , le a v in g  ' g h o s ts ' in  th e  form of 

th e  o r ig in a l  prism s but composed e n t i r e ly  o f ore g r a in s .  A m inera l which 

seems to  be c lo s e ly  s im ila r  o ccu rs  in  c e r ta in  o f th e  Rungwe rocks and was 

i d e n t i f i e d  by Lehmann (1924) a s  b a rk e v ik i te .  However, in  th e  Kamasia 

am phibole (and  ? in  th e  Rungwe m in era l) ZA c appear to  be c o n s is te n t ly  

to o  sm all fo r  b a rk e v ik ite  and th e  m inera l i s  t e n ta t iv e l y  r e f e r r e d  to  

k a e r s u t i t e .  T his d e c is io n  re c e iv e s  a  l i t t l e  support in  th e  re c e n t des

c r ip t io n  o f b a sa n ite s  and t e p h r i t e s  from n o rth  o f Lake R udolf (Brown and 

Carm ichael I 969 ) . In  th o se  ro ck s  a  s im ila r  brown am phibole phenocryst 

phase occurs  in  th e  t e p h r i t e s ,  a s s o c ia te d  w ith  th e  o th e r  m in era l phases 

seen  in  th e  Noroyan la v a s .  T his am phibole h as been an a ly sed  by th e  wet 

chem ical method, and i s  r e f e r r e d  to  'T i-p o o r  k a e r s u t i t e ' . An a p p a re n tly  

s im ila r  amphibole i s  a ls o  d e sc rib e d  by Mason (1933) from te p h r i te s  in  

th e  Nyambeni R.ange; in  t h i s  case  i t  was d e s ig n a te d  'b a s a l t i c  h o rn b le n d e '.

6 . O liv in e

O liv in e  does no t appear to  be a s  common in  th e  Kamasia b a s a l t i c  rocks 

a s  i t  i s  in  th e  Rungv/e e q u iv a le n ts ,  where i t  i s  ' r a r e l y  a b se n t ' (H arkin  

o p .c i t . ) .  P henocrysts  v a ry  from n e a r ly  p e r f e c t ly  eu h ed ra l to  ex trem ely  

rounded, and p e r f e c t ly  f r e s h  to  com pletely  a l t e r e d .  S e rp en tin e  a l t e r a t i o n  

on m argins and in  v e in s  i s  much more common th an  id d in g s i te .

No f a y a l i t i c  o l iv in e  has been found in  th e  ro ck s  o f th e  p re sen t 

a re a  but Martyn re c o rd s  i t  from th e  Ew alel P h o n o lite s  and tra c h y te s  of 

th e  C hem ik ilan i sub-group  (Q uaternary ) (M artyn o p . c i t . ) .
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7 » F e ld sp a th o id s

N epheline i s  th e  on ly  fe ld s p a th o id  seen in  th e  la v a s  o f th e  p re se n t 

a re a , bu t prim ary a n a lc i t e  i s  a lso  common in  many nep h elin e-n o rm ativ e  

ro ck s  where modal n ep h elin e  i s  a b se n t. Groundmass n e p h e lin e , u s u a lly  as 

f r e s h  and u n a lte re d  m inute p rism s o f te n  p o i k i l i t i c a l l y  en c lo sed  in  

a lk a li-a ra p h ib o le  o r a e g ir in e - a u g i te ,  i s  abundant in  a l l  th e  t ru e  p h o n o lite s  

o f th e  Tugen H i l l s  Group; i t  i s  o f te n  accompanied by n ep h e lin e  p h en o cry sts  

up to  3 mm, in  s i z e .  The l a t t e r  a re  commonly a l t e r e d  to  c a n c r in i te  o r 

n a t r o l i t e  in  th e  Sidekh P h o n o lite s  but u s u a lly  f r e s h  and w a te r -c le a r  in  

th e  younger fo rm atio n s  o f th e  g roup .

In  th e  Noroyan la v a s  norm ative n ep h e lin e  i s  u s u a lly  re p re se n te d  by 

prim ary  i n t e r s t i t i a l  a n a lc i t e  in  th e  mode, bu t g la s s y  ro ck s  in  t h i s  f o r 

m ation have abundant sm all n ep h e lin e  prism s s e t  in  a  m atrix  o f g la s s .

In  th e  tra c h y p h o n o lite s  and p h o n o li t ic  t r a c h y te s  n ep h elin e  i s  p re se n t 

on ly  a s  m ic ro p h en o cry sts , o f te n  a l t e r e d  to  a brown tu r b id  m a te r ia l ,  and 

rimmed by a e g ir in e - a u g i te  and a l k a l i  am phiboles, g iv in g  an o c e l l a r  

te x tu re  to  th e  ro ck  in  th in  s e c t io n .

8 . Q uartz

Q uartz  o ccu rs  f r e q u e n tly  in  th e  t r a c h y te s  o f th e  K aparaina Form ation 

and a s s o c ia te d  p lu g s  and dykes and i s  seen in  one flow  o f th e  Kabarnet

t r a c h y te s .  I t  occu rs  in  th e  flow s a s  a ve ry  l a t e  phase form ing sub-

p o i k i l i t i c  b le b s  and lacu n ae  in  th e  groundmass, never amounting to  more than  

about 3 p e r cen t o f th e  ro c k . In  th e  K aparaina t r a c h y te s  th e  q u a rtz  

lacu n ae  te n d  to  occur c lo se  to  th e  rhombic a n o rth o c la se  p h en o cry sts ; 

in  th e  K abarnet specim ens i t s  o ccu rrence  seems to  be c o n tro l le d  by th e  

f i s s i l i t y .  In  th e  t r a c h y te  o f th e  Chepochom p lug  (K aparaina age) q u a rtz

r i s e s  to  n e a r ly  10 p e r c e n t, w hile  in  a dyke c u t t in g  K aparaina b a s a l t s

in  th e  Kobluk R iver q u a r tz  occu rs  a s  an h ed ra l m icrophenocrysts  to  th e  

e x te n t o f over 20 p e r c e n t .
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9 . I ro n  ore

Iro n  ore  i s  p re se n t in  a l l  th e  la v a s ,  becoming l e s s  abundant in  th e  

fe la ic  ty p e s . In  th e  b a s .a ltic  rocks i t  may be ve ry  abundant, as dusty  

g ra in s  o r w e ll-sp aced  o c tah ed ra  o f m a g n e tite . S k e le ta l  p la te s  o f ore in  

c e r ta in  b a s a l t s  and d o le r i t e s  a re  presumed to  be i lm e n ite .  M icro- 

p h en o cry sts  occur s p a r s e ly  th roughou t th e  s e r i e s  but a t t a i n  t h e i r  g r e a te r  

s iz e  (0 ,5  mm,) i n  th e  Tugen H i l l s  Group p h o n o lite s ; a s  in  th e  Rungwe 

ro ck s  th e  m icrophyric  o re  o f th e  p h o n o lite s  o f te n  in c lu d e s  a p a t i t e  o r 

even has a s s o c ia te d  a p a t i t e  m ic ro p h en o cry sts , and o f te n  occurs w ith  them 

a t  th e  c e n tre  o f glom erophyric clumps o f pyroxene.

H aem atite  occu rs  in  th e  K aparaina t r a c h y te s ,  p o s s ib ly  a s  an a l t e r a t i o n  

p ro d u c t. In d e te rm in a te  h y d ra ted  i ro n  ox ides a re  found in  a l l  ro c k s ,

10 , B io t i te

B io t i te  i s  s p a r s e ly  d i s t r ib u te d :  in  th e  Sidekh and Tiira fo rm ations 

o f th e  Tugen H i l l s  Group i t  i s  no t uncommon as  m icrophenocrysts  in  th e  

p h o n o li te s .  In  t h i s  s i tu a t io n  i t  i s  in v a r ia b ly  s tro n g ly  re so rb ed  and 

a l t e r e d  to  ag g reg a te s  o f i ro n  o re . C o lo ra tio n  i s  s tro n g , w ith  y e llow - 

brown to  deep re d  p leoch ro ism .

As a groundmass c o n s t i tu e n t  i t  occurs  in  some o f th e  q u a r tz -b e a r in g  

t r a c h y te s  o f th e  K aparaina where i t  i s  a s s o c ia te d  w ith  common ho rnb lende , 

in  th e  absence o f th e  more u su a l a e g ir in e - a u g i te  and a l k a l i  am phiboles.

I t  a ls o  occu rs  in  sm all amounts in  th e  fe ld s p a rp h y ric  b a s a l t s ,  h a w a iite s  

and m u g earite s  o f th e  K aparaina and more commonly in  th e  Noroyan i n t e r 

m ediate ro c k s . In  a l l  th e  b a s ic - in te rm e d ia te  ro ck s  th e  b i o t i t e  i s  a very  

p a le  v a r ie ty  and in  th e  Noroyan Form ation, a t  l e a s t ,  an analogy may 

perhaps ag a in  be drawn w ith  th e  K »rath  lavas (Brown & Carm ichael o p . c i t . )  

where th e  groundmass mica i s  i d e n t i f i e d  as  p h lo g o p ite .
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11. A p a tite

A p a tite  occurs th roughou t th e  assem blage, and reach es  m icrophyric  

p ro p o r tio n s  in  some o f th e  Tugen H i l l s  Group p h o n o lite s , where i t  may 

be v e ry  p a le  p ink  in  c o lo u r .

12 . O ther m in e ra ls

A n a lc ite  i s  a  common acc e sso ry  and, a s  m entioned, re ach es  s ig n i f ia a n t  

p ro p o r tio n s  a s  a  l a t e  prim ary  phase in  th e  Noroyan la v a s .  I t  i s  a lso  

common in  v e s ic le s  in  a l l  ro c k s , o f te n  o c cu rrin g  as  eu h ed ra l c r y s ta l s  

l in in g  am ygdales.

Z e o l i te s  a re  common, but a re  seen s p e c ta c u la r ly  developed in  v o id s  

in  th e  Y epkarat d o le r i t e  where n a t r o l i t e ,  th o m so n ite , s c o le c i te  and 

g ra e lin ite  have been id e n t i f i e d ,  and o th e rs  a re  p robab ly  p re se n t a l s o .  I t  

i s  a ls o  common a s  a cem enting m a trix  m in era l in  th e  c o a rse r  e p ic l a s t i c  

ro ck s  i n  th e  sed im en tary  fo rm a tio n s .

C a lc i te  i s  abundant a s  a  secondary  m in e ra l, fo llo w in g  a n a lc i te  in  

i n f i l l i n g  v e s ic le s  and o c cu rrin g  a s  d i l a t io n a l  v e in s  in  th e  Tugen H i l l s  

Group p h o n o li te s .  C a lc i te  t u f f s  a ls o  occur in  th e  younger ro c k s , where 

pumice and o th e r  m a te r ia l  has been com pletely  re p la c e d  le a v in g  r e l i c t  

c r y s t a l  c l a s t s  in  a  n e a r ly  pure c a lc ic  m a tr ix .

C h lo r i te  i s  common in  th e  b a s ic  la v a s ,  a s s o c ia te d  w ith  g la s s  

s e rp e n tin e  and z e o l i t e s .

G lass i s  an im p o rtan t m a trix  component in  g la s sy  v a r i e t i e s  o f th e  

A tim et T rachyphono lite  where i t  i s  p a le  g reen  and i s o t r o p ic ,  and in  g la ssy  

n e p h e lin e -h a w a iite s  in  th e  Noroyan Form ation where i t  i s  khsiki-brown.

I t  i s  common in  a l l  b a s ic  ro c k s , o f te n  a s  c r y p to c r y s ta l l in e  p a tch es  w ith  

f a i n t  b ir e f r in g e n c e . Prim ary t u f f s  a re  commonly g la s s y  w ith  c a l c i t e  in  

th e  'honeycomb* v e s ic le s  o f th e  f ib ro u s  pumice.

In  a com parison w ith  th e  Rungwe assem blage, c e r ta in  m in era ls  a re  

n o ta b ly  a b se n t: in  p a r t i c u l a r ,  whereas on ly  one fe ld s p a th o id  ( le u c i te )  

i s  no t seen  in  th e  Rungwe ro c k s , on ly  n ep h e lin e  occurs i n  th e  Kamasia
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ro c k s . T his r e f l e c t s  th e  g e n e ra lly  more u n d e rsa tu ra te d  n a tu re  o f th e  Rungv/e 

A sso c ia tio n . Sphene h as n o t been observed  in  th e  ro ck s  from th e  p re sen t 

a re a  but th e  w r i te r  has seen i t  a s  a common m icrophenocryst in  a  m ela- 

p h o n o lite  c o l le c te d  by S . J .  L ippard  in  th e  so u th e rn  end o f th e  Kamasia. 

(L ippard  (pers.com m .) b e lie v e s  t h i s  rock  may be p a r t  o f th e  T in d ere t 

a s s o c ia t i o n . )

(c )  T ab u la ted  th in - s e c t io n  d e s c r ip t io n s

F if ty -s e v e n  th in - s e c t io n  d e s c r ip t io n s  o f  r e p re s e n ta t iv e  la v a s  a re  

p re se n te d  in  ta b u la r  form , w ith  more g e n e ra l  d e s c r ip t io n  in  th e  t e x t  

i t s e l f .

A lthough r e l a t i v e  abundance o f groundmass c o n s t i tu e n ts  i s  in d ic a te d  

f o r  th e  n a f ic  m in e ra ls , f e ld s p a r  i s  alw ays the  dominant c o n s t i tu e n t  i n  

th e  t r a c h y te s  and p h o n o lite s  and i n  th e  b a s ic  la v as  th e  m a f ic : f e l s ic  

r a t i o  i s  h a rd ly  ever g re a te r  th a n  1. P e rcen tag es  and r e l a t i v e  p ro p o r

t io n s  a re  approxim ate e s tim a te s  on ly .

A b b rev ia tio n s  used  a re :

P : p la g io c la s e  0

S : san id in e  A

F : a n o r th o c la se  AeA

N : n ep h e lin e  Ae

o liv in e

a u g ite

a e g ir in e - a u g i te

a e g ir in e

Use o f  low er c a se , e .g .  p , s e t c . ,  in d ic a te s  m icrophyric  o r groundmass 

c o n s t i tu e n ts .

In  th e  f i r s t  column o f  each  ta b le  (sam ple numbers) th e  l e t t e r  A 

in d ic a te s  th a t  an a n a ly s is  i s  in c lu d ed  in  P a r t  V ( ta b le s  15-25), th e  

l e t t e r  P in d ic a te s  t h a t  a  photom icrograph i s  in c lu d ed , and th e  l e t t e r  R 

th a t  th e  ro ck  has been ra d io m e tr ic a l ly  d a ted  ( ta b le  l ) .  When rocks 

from two o r more s e p a ra te  fo rm atio n s  a r e  In c luded  in  one ta b le  the  

r e le v a n t  map sym bols, e .g .  (g3) may a lso  occur in  th e  f i r s t  column.
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(d ) B a s a lts  and b a s ic - in te rm e d ia te  rocks

1 . Noroyan Form ation (T ab les  3?4)

These la v a s  a re  dark  grey  to  b lack  a n a lc i te -h a w a i i te s  and a n a lc i te -  

m u g earites  w ith  prom inent pyroxenes, and r a r e r  p la g io c la s e , phenocrysts  

in  hand-specim en. Rare o l iv in e  p h en o cry sts  a re  seen  in  a  few sm all 

specim ens.

In  th in  s e c t io n  th e  groundmass p la g io c la s e  i s  seen to  be andesine  

in  th e  m a jo rity  o f s e c t io n s .  P la g io c la se  com position  i s  p lo t te d  a g a in s t  

frequency  in  th e  h is tog ram  ( f i g . 58) and th e re  i s  a  s tro n g  peak a t  An^^, 

th e  t o t a l  range being  An^^ -  An^^^. Phenocryst com position  v a r ie s  between 

An^O -  -^50*

Pyroxene p h en o cry sts  occur in  every  rock  examined; i t  v a r ie s  from 

p a le  brown a u g ite  in  th e  more b a s ic  ty p es  to  a  p a le  g re e n ish  ’ d io p s id ic  

a u g i te ' in  th e  m u g earite s  and tra c h y m u g ea rite s . In  th e  l a t t e r ,  th e  

pyroxene co lo u r o f te n  seems to  v a ry  between very  p a le  brown in  some c r y s ta l s  

to  v e ry  p a le  g reen  in  o th e r s ,  bu t no d is c e rn ib le  p leochroism  i s  p re se n t 

in  in d iv id u a l  c r y s t a l s .  In  b a s a l  s e c t io n  th e  pyroxenes a re  n e a r ly  re c 

ta n g u la r  due to  th e  dominance o f [100} and [010} over th e  prism  form [110}, 

H ourg lass zoning i s  n o t uncommon. The pyroxenes a re  o f te n  glom erophyric 

w ith  o re  and a p a t i t e .

The most n o ta b le  f e a tu re  o f th e se  ro ck s  i s  th e  p resence  o f s tro n g ly  

re so rb ed  p r ism a tic  p h en o cry sts  o f a  brown s tro n g ly  p le o ch ro ic  am phibole, 

r e f e r r e d  to  k a e r s u t i t e  (s e e  s e c t io n  T\Tb, ab o v e). I t  i s  more common in  

th e  l e s s  b a s ic  v a r i e t i e s .

Prom inent i n  th e  groundmass a re  p rim ary  i n t e r s t i t i a l  a n a lc i te  and, 

in  some ty p e s , sh red s  o f b i o t i t e .  Groundmass o re  i s  abundant and in  ty p es  

w ith  s u b - tr a c h y t ic  te x tu r e  i t s  d i s t r ib u t io n  i s  governed by th e  o r ie n ta t io n  

o f th e  groundmass fe ld s p a r  l a th s  g iv in g  a 'c h a in ' o r more g ra p h ic a lly  a 

' toad-spaw n ' t e x tu r e .  G lassy  ty p es  a re  d e sc rib e d  below.
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The s e c t io n  exposed in  th e  Noroyan R iver a re a  seems to  in d ic a te  

th e  s e r i a l  e ru p tio n  o f a  d i f f e r e n t i a t e d  sequence from ank aram itic  

a n a lc i te -h a w a i i te  a t  th e  base to  a n a lc ite - tra c h y m u g e a r ite  a t  th e  to p . 

P etrog raphy  o f th e  su cc e ss io n  d e sc rib e d  in  P a r t  l a  (p .  I 5 ) i s  

a s  fo llo w s:

( i )  A u n i t  w ith  abundant la rg e  (10 mm.) a u g ite  phen o cry sts  and 

r a r e  o l iv in e ,  both  most abundant a t  th e  extrem e base •

( i i )  A b lack  g la s s y  type  (2 /2 8 2 , 2 /2^4) w ith  abundant sm all 
p la g io c la s e  (An^g) and n ep h e lin e  c r y s ta l s  in  a m a trix  o f brown 

g la s s .  P h en ocrysts  a re  a u g i te ,  p la g io c la s e  and re so rb ed  

k a e r s u t i t e .

( i i i )  Two fe ld s p a th ic  u n i t s  w ith  low er co lo u r index  and s u b - tra c h y tic  

t e x tu r e ,  K a e rs u ti te  p h en o cry sts  a re  more abundant th an  a u g ite  

(2 /3 4 1 ) .

■ ( iv )  An a n a lc i te  tra ch y m u g earite  (2 /2 8 4 , 2 /2 8 5 ), g re e n ish  in  hand 

specim en, w ith  t r a c h y t ic  t e x tu r e ,  P henocrysts  a re  p a le  g reen  

and p a le  brown pyroxene and p la g io c la s e  (A n^o). Groundmass 

p la g io c la s e  ap pears  to  be o l ig o c la s e ,  and a e g ir in e - a u g i te  and 

k a ta p h o r i te  a lso  occur in  th e  groundm ass.

Although th e  K apkiai t e p h r i t e  o f Martyn ( 1969) appears  to  be a  tongue 

o f  th e  Noroyan Form ation th e  ty p es  d e sc rib e d  by Martyn a re  r a th e r  g la ssy  

and la c k  am phibole p h e n o c ry s ts . The h ig h e r o f th e  two b a s a l t i c  u n i t s  on 

th e  Saimo sc a rp , th e  Saimo B asa n ite s  o f Martyn ( I 969 ) a re  fo r  th e  most 

p a r t  in  th e  same s t r a t ig r a p h ie  p o s i t io n  as  th e  Noroyan (see  p a r t  l a )  

bu t d i f f e r  from th e  l a t t e r  in  having  much h ig h e r co lo u r in d ic e s ,  fe ld s p a r  

being  t o t a l l y  ab sen t in  some ty p e s . O liv in e  occurs in  most u n i t s ,  but 

p la g io c la s e  and am phibole p h en o cry sts  a re  no t re c o rd ed . They a re  th u s  

p e tro g ra p h ic a l ly  com parable to  th e  b a sa l u n i t  o f th e  Noroyan (2 /^43 ) i a  

th e  n o r th e rn  ou tc ro p  o f th e  p re s e n t map.

In  t h e i r  most d i s t in c t iv e  p é tro g ra p h ie  f e a tu re s  -  abundance o f  p h y ric  

a u g i te ,  p resence  o f re so rb e d  am phibole ph en o cry sts  and o f prim ary a n a lc i t e ,  

and com position  o f groundmass p la g io c la s e  -  th e  Noroyan la v a s  s tro n g ly
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resem ble th e  K apcherera t B a s a lts  a t  th e  base o f  th e  T e r t i a r y  su ccess io n  in  

th e  K ito  Pass a re a  (McClenaghan o p .c i t . ) ,  th e  Elgeyo B a sa lts  (Walsh I 969 ) 

and ty p es  from th e  su cc e ss io n  on th e  L a ik ip ia  escarpm ent (S cea l o p .c i t . )  

in c lu d in g  in te rm e d ia te  lav as  from th e  Murgomol c e n tre  in  th e  Amaya v a lle y ;  

th e  w r i te r  has b r i e f ly  examined th in - s e c t io n s  o f specim ens c o l le c te d  by 

M. Golden (Ph.D . th e s i s  in  p re p a ra t io n )  from th e  l a s t  l o c a l i t y ;  one 

specimen i s  o f p a r t i c u la r  i n t e r e s t  in  th a t  i t  ap pears  from i t s  m ineralogy 

to  be even more s a l i c  th an  th e  a n a lc i t e  trach y m u g ea rite  o f th e  Noroyan 

s e r i e s .

The Murgomol complex i s  in  a  com parable s t r a t ig r a p h ie  p o s i t io n  to  

th e  Noroyan Form ation , ly in g  beneath  th e  main p la te a u  p h o n o lite s  

(Rum uruti P h o n o lite s , sensu  l a t o ) o f th e  L a ik ip ia  p la te a u  and above an 

o ld e r  s e r ie s  o f b a s a l t s ,  p robably  c o r r e la te d  w ith  th e  Samburu B a sa lts  

o f Shack leton  ( 1946) .  S u rp r is in g ly , no a n a ly s is  (a p a r t  from extrem e 

ty p e s )  i s  a v a i la b le  o f an average o r ty p ic a l  rock  from th e  w idespread 

Miocene b a s a l ts  o f th e  n o r th e rn  R i f t  but many a u th o rs  m ention a n a lc i te  

a s  a  c o n s t i tu e n t  and d e sc r ib e  th e  groundmass p la g io c la s e  as  andesine  

(Jo u b e rt 1966, p p .3 4 ,3 ^ ; McCall I 96 7 , Baker I 9 6 3 , S hack leton  1946).

2 . K aparaina Form ation (T ab les  5 - 7 )

There a re  few rem arkable  f e a tu re s  in  th e  p e tro g rap h y  o f th e se  rocks 

which compose a  ty p ic a l  a lk a l i c  o l iv in e -b a s a l t-h a w a ii te -m u g e a r i te  

a s s o c ia t io n  o f th e  ty p e  d e sc rib e d  from many o th e r  v o lc an ic  p ro v in c e s . No 

in d ic a tio n s  o f t h o l e i i t i c  a f f i n i t i e s  a re  seen  in  any th in  s e c t io n  examined.

L a b ra d o r ite , u s u a lly  Zoned, i s  th e  commonest p h en o cry st, fo llow ed by 

o l iv in e ,  w hile  p a le  brown a u g ite  i s  co m p ara tiv e ly  s c a rc e , o f te n  being  

somewhat co rroded  and re so rb e d . In  t h i s  re s p e c t th e  K aparaina rocks 

d i f f e r  m arkedly from th e  Noroyan ty p es  where a u g ite  i s  th e  dominant pheno

c ry s t  phase . The K aparaina a u g ite s  have r e g u la r  o c tag o n a l b a sa l s e c tio n s  

in  c o n tr a s t  to  th e  n e a r - re c ta n g u la r  s e c t io n s ,  due to  development o f {100} 

and {010}, in  th e  Noroyan a u g i te s .  O liv in e  may be f re s h  or la r g e ly
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s e rp e n t in is e d ,  su b h ed ra l o r v e ry  rounded (2 /1 0 4 ) , Specimen 2 /l0 4  i s  a lso  

unusual in  th a t  o l iv in e  p h en o cry sts  a re  more abundant th an  la b r a d o r i te .

No s ig n i f ic a n t  su b d iv is io n  can be made o f th e  p o rp h y r i t ic  ty p e s  

l i s t e d  in  P<art I .  Types d e sc rib e d  a s  ap h y ric  in  hand-specim en a re  o f te n  

found to  c o n ta in  sp a rse  m icrophenocrysts o f p la g io c la s e  in  th in  s e c t io n  

(2 /4 6 ) .  I t  shou ld  be no ted  th a t  a lth o u g h  in  th e  ta b le s  ph en o cry sts  a re  

d is t in g u is h e d  from m icrophenocrysts on th e  a r b i t r a r y  d iv is io n  o f 2 mm., 

th e re  i s  u s u a lly  a  com plete range in  s i z e .

In  th e  groundmass o f th e  b a s a l t s  o l iv in e  i s  in v a r ia b ly  p re s e n t , in  

v a ry in g  amounts; groundmass a u g ite  i s  s l i g h t l y  l e s s  o r equal to  p la g io c la s e  

in  most specim ens. Groundmass p la g io c la s e  com position  (de te rm ined  o p t ic a l ly  

to  n e a re s t  3^) in  37 th in  s e c tio n s  examined range between An2Q and Ang^, 

but 27 f a l l  in  th e  range An^o ” An^Q, th e  average being  An^^ ( f i g .  55 )• 

These f ig u re s  a re  a  f a i r l y  c lo se  i l l u s t r a t i o n  o f th e  t ru e  p ro p o rtio n  o f 

b a s a l t s  to  h a w a iite s  and m u g earite s  in  th e  fo rm atio n .

In  th e  h a w a iite s  and m ugearites  p h en o cry sts  a re  r a r e  o r a b se n t, w ith  

th e  ex cep tio n  o f th e  dyke rock  2/ 123 , in  which o l iv in e ,  a u g ite  and p la g io 

c la s e  p h en o cry sts  o ccu r, and a re  s tro n g ly  rounded and co rro d ed . Corroded 

and re so rb ed  a n o rth o c la se  p h en o cry sts  in  th e  Karasoror m ugearite  (2 /125 , 

2/ 155 ) su g g est th a t  th e  ro ck  may be o f h y b rid  o r ig in .  The K is i t e i  dyke rock  

( 2/ 7 4 , 2/ 7 1 ) la c k s  p h en o cry sts  but i s  ch em ica lly  very  c lo se  to  th e  Kamsoror 

m u g earite .

T rach y tic  o r f l u i d a l  te x tu re  i s  p re v a le n t in  th e  h a w a iite s  and 

m u g earite s  e .g .  th e  m ugearite  2 / l4 3  which resem bles dark  tr a c h y te  in  hand- 

specim en.

3« O ther b a s a l t s  (T ab le  8)

A ll b a s a l t s  younger th a n  th e  Tugen H i l l s  Group a re  c lo se ly  s im ila r  

to  th e  K aparaina ty p e s . However, two b a s a l t s  from th e  Kaperyon Form ation 

on Chesoton h i l l  a re  d is t in g u is h e d  by an u n u su a lly  la rg e  p ro p o rtio n  o f
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o liv in e  and a u g ite  p h en o cry sts  (2 /l6 2 )  in  th e  one case  and by th e  dominance 

o f la rg e  o l iv in e  p h en o cry sts  (up to  5 cim. in  hand specimen) in  th e  b a sa l 

b a s a l t  ( 2/ 174) .  O liv in e  i s  a ls o  v e ry  abundant in  th e  Y epkarat D o le r i te  

( 2/ 1 0 0 , 2/ 119) ,  which in tru d e s  th e  Kaperyon, and in  th e  Nginyang B asa lt 

( 2/ 136 ) ,  There i s  th u s  a  a l ig h t  su g g es tio n  th a t  b a s a l t s  younger th an  

th e  K aparaina ten d  to  be more b a s ic  th an  th e  flow s o f th a t  fo rm atio n .

In  a d d it io n  in  th e  p re se n t a re a  no h a w a iite s  or m u g earites  a re  known o u t

s id e  th e  K aparaina Form ation , However, th e  t o t a l  number o f th e  younger 

b a s a l t s  mapped and c o l le c te d  i s  p robab ly  no t s u f f i c i e n t  to  make s t a t i s 

t i c a l l y  v a l id  com parisons.

The Nginyang B asa lt ( 2/ 136 ) i s  rem arkable in  th a t  a lthough  i t  i s  

dem onstrably  a  Q uaternary  su rfa c e  flow i t  has pronounced s u b -o p h itic  

te x tu re  and i s  c o a rse r  in  g ra in  s iz e  th an  most b a s a l t  flo w s.

4 . D o le r i te s  ( t a b le  9)

The younger o f th e  two main d o le r i t e  s i l l s ,  th e  Y epkarat S i l l ,  i s  

c h a ra c te r is e d  by abundant a n a lc i t e  and s e v e ra l  o th e r  ty p e s  o f z e o l i t e .

The a n a lc i te  occurs  to  th e  e x te n t o f between 4 and 8 per c en t on i n t e r 

s t i t i a l  po o ls  and as  eu h ed ra l c r y s ta l s  a long  v o id s . O ther z e o l i t e s  

i d e n t i f i e d  in c lu d e  n a t r o l i t e ,  s c o le c i te ,  thom sonite  and g ra e lin ite  ( 2/ 3 8 , 

2/ 100 )•  T o ta l z e o l i t e  may amount to  between 10 and 13 per cen t but th e  

amount v a r ie s  g r e a t ly  th roughou t th e  s i l l .

The te x tu re  o f th e  Y epkarat S i l l  i s  p e r f e c t ly  o p h i t ic .  O liv in e  i s  

common. The on ly  p h en o cry sts  a re  very  s p a r s e ly  d i s t r ib u te d  c a lc ic  

la b r a d o r i te  (2 /1 1 9 ) . The groundmass la b r a d o r i te  i s  u s u a lly  co n sid e rab ly  

z e o l i t i s e d  and g e n e ra lly  a l t e r e d .  A p a tite  n eed le s  a re  common.

The o v e ra l l  p e tro g rap h y  has a s tro n g  resem blance to  th o se  European 

a n a lc i t e - d o le r i t e s  r e f e r r e d  to  a s  ’ te s c h e n i te s ' and ' c r i n a n i t e s ' , but th e  

w r i te r  p r e fe r s  th e  d e s c r ip t iv e  term  'z e o l i t i c  (o r  a n a lc i t e - )  o l iv in e -  

d o le r i t e * .
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The Rurraoch S i l l  rock  d i f f e r s  from th a t  o f th e  Y epkarat S i l l  in  

r e l a t i v e  s c a r c i ty  o f z e o l i t e s  and abundance o f p h en o cry sts  o f p la g io c la s e  

(o f te n  la rg e  -  up to  15 ram,) ( 2/ 165 ) and o l iv in e  (2/ 31? ) ,  hu t th e  pro

p o r tio n  o f ph en o cry sts  v a r ie s  th roughou t th e  ro c k .

Specimen 2/173 in  ta b le  7 has been d e sc rib ed  w ith  th e  o th e r  d o le r i t e s ,  

bu t i s  in  th e  K aparaina sequence and may be a  flow .

The m a jo rity  o f b a s a l t i c  dykes a re  u s u a lly  ve ry  s tro n g ly  a l t e r e d ,  

showing on ly  p la g io c la s e  c r y s ta l s  in  a  tu r b id  brown m atrix  w ith  abundant 

c a l c i t e  amygdales ( e .g .  2 /1 6 8 ) . A dyke a t  C heparain to  th e  sou th  o f 

Rurmoch i s  c h a ra c te r is e d  by abundant p la g io c la s e  ph en o cry sts  (2 /2 3 4 ), 

and may have been r e l a t e d  to  th e  Rurmoch S i l l .

A b a s a l t i c  dyke in  th e  Chepkow R iver i s  rem arkable fo r  i t s  h igh  

p ro p o r tio n  o f sm all p le o ch ro ic  p ink  a u g ite  p rism s; th e  rock  i s  o therw ise  

p la g io c la s e  and brown tu rb id  a l t e r a t i o n  p ro d u c ts .

Dykes in  th e  Tugen H i l l s  Group a re  r a th e r  v a r ia b le :  a th ic k  

r e l a t i v e l y  c o a rse -g ra in e d  dyke a t  th e  base o f th e  Karauiton sca rp  con

s i s t s  o f la b r a d o r i te  l a th s  (up to  2 mm.) ,  c a l c i t e  (3 < ^ ), abundant i ro n  

o re  and fe rru g in o u s  a l t e r a t i o n  p ro d u c ts  (2 /2 9 3 ) . A th in  b a s a l t i c  dyke 

in  th e  Ngorora Form ation a t  K abarsero has a  f in e -g ra in e d  f l u i d a l  

te x tu re  and a f a i r l y  low co lo u r in d ex . I t  i s  h ig h ly  v e s ic u la r  ( 2 /2 6 l ) ,

(e )  T rachy tes

The t r a c h y te s  can be d iv id ed  in to  two main ty p e s :

( i )  M icrophyric and a p h y ric , c h a ra c te r is e d  by sa n id in e , a e g ir in e - a u g i te ,  

a r fv e d so n ite  and a e n ig ra a ti te . Q uartz  or n ep h e lin e  may occur as  a  minor 

a c c e sso ry . The Ribon and Kabarnet t r a c h y te s  a re  alm ost e x c lu s iv e ly  o f 

t h i s  type  but i t  i s  r a r e  in  th e  K aparaina F orm ation .

( i i )  M acrophyric w ith  a n o rth o c la se  and ' d io p s id ic  a u g i te ’ p h en o cry sts , 

sometimes w ith  b i o t i t e  and hornblende in  p lace  o f th e  sod ic  m afics o f
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ty p e  ( i ) .  T his type  i s  co n fin ed  to  th e  K aparaina Form ation where q u a rtz  

i s  found as  a  common a ccesso ry  in  both  ty p e s .

1 . K abarnet T rach y tes  (T able 10)

S an id in e  i s  th e  common fe ld s p a r  and occurs a s  bo th  m icrophenocrysts  

and composing th e  groundm ass. P henocrysts  a re  sm all bu t in  th e  n o rth 

e a s t  o f th e  a re a  th e  p re sen ce , in  hand-specim en, o f sp a rse  C arlsb ad -tw in  

sa n id in e  p h en o cry sts  (2 -3  mm.) in  th e  K abarnet T rachy te  d is t in g u is h e s  t h i s  

fo rm ation  from th e  Ribon T rach y te . In  th in  s e c t io n  th e  san id in e  m icro

p h en o cry sts  a re  o f te n  ben t and show o b liq u e  f r a c tu r e  p lan es  (2 /2 6 ) . A 

th in  lo c a l  flow  n ear Yatya i s  e x c e p tio n a l in  having  abundant v e ry  la rg e  

(10-15 mm.) ta b u la r  s a n id in e  phen o cry sts  (2 /235)»  P a le  g reen  'd io p s id ic  

a u g i te ' p h en o cry sts  occur ve ry  r a r e ly  ( 2 / l l 4 ) .

The groundmass te x tu r e  i s  h o lo c r y s ta l l in e  in  a l l  bu t one o f e ig h teen  

specim ens examined in  t h in  s e c t io n .  The ex cep tio n  i s  specimen 2 / l l 4  where 

s a n id in e  m ic r o l i t e s , opaque w ith  in c lu s io n s ,  have n u c lea te d  on la r g e r  

s a n id in e  l a th s  in  a m a trix  o f g la s s ,  g iv in g  a d i s t in c t iv e  s t e l l a t e  te x tu re o  

The in v a r ia b le  t r a c h y t ic  te x tu re  i s  not alw ays seen  in  th in  s e c tio n  due 

to  th e  o r ie n ta t io n  of th e  s e c t io n .

In  two o f th e  s e c t io n s  examined th e  groundmass fe ld s p a r  ap pears  to  

be c lo s e r  to  a n o rth o c la se  (2 /2 1 4 , 2 /296) th an  to  s a n id in e . (The p é tro 

g rap h ie  s im i la r i ty  o f th e se  two ro c k s , from 'f lo w  1' on th e  d ip  s lo p e  and 

th e  low est flow a t  Yatya r e s p e c t iv e ly ,  le n d s  su pport to  th e  r e c o n s tru c tio n  

o f ev en ts  which c o r r e la te s  them s t r a t i g r a p h i c a l l y . )

A e g ir in e -a u g ite , a r fv e d so n i te  and a en ig m a tite  a re  th e  ty p ic a l  dark 

m in e ra ls .

Q uartz  occurs in  'f lo w  2 ' o f th e  d ip  s lope  ( 2/ 298 ) ,  in  which rock  

some m icrophenocrysts  o f an in te n s e  b lue am phibole r e f e r r e d  to  r ie b e c k i te  

a ls o  o ccu r.

A lte re d  n ep h e lin e  m icrophenocrysts  rimmed by a rfv e d so n ite  a re  seen 

in  th e  K is i t e i  specim ens (2 /2 6 , 2 /7 2 ) ,
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2 . K aparaina Form ation t r a c h y te s  (T able l l )

Large rhombic p h en o cry sts  o f a n o rth o c la se  a re  th e  most s t r ik in g  

p é tro g ra p h ie  f e a tu re  o f th e se  t r a c h y te s  (ty p e  ( i i )  above) but s a n id in e -  

p h y ric  ty p e s  a ls o  o ccu r. In  th e  q u a r tz - a lk a l i - t r a c h y te s  o f th e  n o rth e rn  

(Chepochom -  Adonyasas) group a g reen  pyroxene, r e f e r r e d  to  as  'd io p s id ic  

a u g i te ' in  th e  ta b le s  but p o s s ib ly  fe rro h e d e n b e rg ite , occurs a s  p rism a tic  

p h en o cry sts  (2 /6 2 , 2 /5 ? ) .  M icrophenocrysts o f b i o t i t e  and in  one case 

( 2/ 135 ) o f a  s tro n g ly  p le o c h ro ic  green  to  purple-brow n amphibole r e f e r r e d  

to  'hornblende* occur in  c e r ta in  ty p e s  where sod ic  m afics a re  r a r e .  An 

a n o rth o c la se  t r a c h y te  from th e  upper Kobluk R iver (2 /250) i s  unique in  

th e  w r i t e r 's  c o l le c t io n  in  com ple tely  la c k in g  p h e n o c ry s ts .

Groundmass f e ld s p a r  shows s tro n g  t r a c h y t ic  te x tu r e ,  but th e se  t r a c h y te s  

a re  not as n o tic e a b ly  f i s s i l e  a s  th o se  o f type  ( i ) .  A e g ir in e -a u g ite  occu rs, 

but i s  no t common. In  th e  Chepochom plug  ro ck  (2 /6 2 , 2 /5 2 1 ), a  r e l a t i v e ly  

a llc a lin e  ty p e , 'm ossy ' p a tch e s  o f a e g ir in e - a u g i te  and a lk a l i  amphibole 

a re  found.

Q uartz  o ccu rs , in  bo th  a lk a l in e  and s u b -a lk a lin e  v a r i e t i e s ,  as 

lacu n ae  and p o i k i l i t i c  p a tch es  in  th e  groundm ass. I t  i s  found in  about 

one th i r d  o f th e  th in - s e c t io n s  examined, but except in  one case never 

com prises more th a n  5 p e r cen t o f th e  ro c k . The ex cep tio n  i s  a  t r a c h y t ic  

dyke in  th e  Ghepuromoi s e c t io n  o f th e  Kobluk R iver which c o n ta in s  about 

20 per cen t q u a rtz  a s  an g u la r m icrophenocrysts  (2 / Ï 4 4 ) .

A lte re d  n ep h e lin e  m icrophenocrysts  occur in  th e  low er of th e  two 

th ic k  flow s on Ghepuromoi ( 2 / l4 6 ) .

5o Ribon T rachy te  (T able  10)

T his t r a c h y te  can be c la s s e d  as type  ( i ) .  In  hand-specim en i t  i s  

e s s e n t i a l ly  n u n -p o rp h y r itic  but in  th in - s e c t io n  can be seen to  be composed 

la r g e ly  o f sa n id in e  m icrophenocrysts  in  a v e ry  f in e -g ra in e d  g ra n u la r  m a trix . 

A e g ir in e -a u g ite  i s  a ls o  a  common m icrophenocryst zoned outwards to  'spongy ' 

groundmass a e g ir in e  o f a  much more in te n s e  c o lo u r . A enigraatite in  mossy 

p a tch es  i s  a ls o  common.
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( f ) T rach y p h o n o lite s

No n a tu r a l  sharp  d iv is io n  occurs between th e  p h o n o litio  tr a c h y te s  

( i . e .  t r a c h y te s  w ith  a cce sso ry  n ep h e lin e ) and tra c h y p h o n o lite s . The l a t t e r  

a re  t e x tu r a l l y  and m in e ra lo g ic a lly  sim ply t r a c h y te s  w ith  between 10 and 

15 p e r cen t n ep h e lin e  a s  m icrophenocrysts  o f te n  rimmed by sod ic  m afic 

m in e ra ls . They a re  th e  'K enya-type p h o n o li te s ' o f P r io r  (l$ 0 4 ) (see  

b e low ).

1 . Atim e t T rachyphono lite  (T able 12)

In  th in - s e c t io n  th e  rock  has s tro n g  t r a c h y t ic  te x tu r e ,  o f te n  w ith  

k ink-bands (2 /2 2 5 ) , N epheline occurs  as  a l t e r e d  o c e l la r  m icro

p h en o cry sts  rimmed by a e g i r in e - a u g i te .  Sm all m icrophenocrysts  o f san id in e  

and a p a le  g reen  pyroxene ( 2/ 255 ) occur s p o ra d ic a l ly ,

N epheline i s  ab sen t o r v e ry  r a r e  in  th e  groundmass, and ampliibole 

i s  a lso  s c a rc e , A b lack  f in e -g ra in e d  f a c ie s  (2 /224) has a  f e l t e d  or 

s u b - h y a lo p i l i t ic  te x tu re  w ith  bands d e fin ed  by o r ie n te d  fe ld s p a r  m ic ro l i te s  

a s s o c ia te d  w ith  brown g la s s  and a g reen  ( ? c h lo r i t i c )  m in e ra l. N epheline 

i s  not seen . The rock  i s  e x te n s iv e ly  cu t by d i l a t io n a l  v e in s  o f c a l c i t e ,

2 . Chemoigut T rach y p h o n o lite  (2 /2 1 5 , ta b le  12)

T his ro ck  i s  com parable in  g ra in  s iz e  to  th e  A tim et, bu t th e  fe ld s p a r  

l a th s  a re  randomly o r ie n te d  (b u t th e  te x tu re  i s  no t ty p ic a l  ' o r th o p h y r ic ' )  

and th e  o v e ra l l  m afic c o n ten t i s  h ig h e r .

A lte re d  n ep h e lin e  m icrophenocrysts  a re  abundant and r a r e  p a le  green  

pyroxenes a lso  o ccu r. In  th e  hand specimen la rg e  w e l l - s c a t te r e d  pheno

c r y s ts  of fe ld s p a r  a re  seen . Dark k a ta p h o r i te  i s  more abundant th an  

a e g ir in e - a u g i te  in  th e  groundm ass.

A p e c u l ia r  f e a tu re  i s  th e  p resence  o f rounded or ovate  'm icro 

n o d u le s ' c o a rse r  in  g r a in - s iz e  th an  th e  bulk  o f th e  rock  but c o n s is tin g  

o f th e  same phases, i . e ^  s a n id in e , n ep h e lin e  ( f r e s h )  and k a ta p h o r i te .
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3 . Loyamarok T rachyphono lite  (T able 12)

A part from a  sm a lle r  average g ra in  s iz e  t h i s  rock  i s  alm ost in d i s 

t in g u is h a b le  in  th in - s e c t io n  from th e  Atimet rock  (ab o v e ). I t  c o n ta in s  

abundant o c e l la r  n ep h e lin e  m ic ro -p h en o cry sts  and r a r e  s a n id in e s  in  a 

groundmass o f sa n id in e  l a t h s ,  a e g ir in e - a u g i te ,  a e n ig m a tite  and k a ta p h o r i te ,  

A e g ir in e -a u g ite  a ls o  o ccu rs  as r a r e  m ic ro -p h en o cry sts  in  two s e c tio n s  

(2 /8 4 , 2 /8 8 ) .  In  a  p o in t-c o u n t a n a ly s is  o f two s e c t io n s  (2 /8 4 , I / 5 1 ) th e  

p e rcen tag e  o f modal n ep h e lin e  was 15*7 and 7*S r e s p e c t iv e ly .  The rock  may 

th u s  be d e sc rib e d  a s  e i th e r  a  tra c h y p h o n o lite  o r a  p h o n o lit ic  t r a c h y te .

4 . Chemolingot

Also c lo s e ly  s im ila r  to  th e  A tim et and Loyaraarok la v a s  i s  th e  

en igm atic  t r a c h y to id  ro ck  o f th e  p la in  to  th e  w est o f Chemolingot h i l l .

T his i s  in  some specim ens ( 2/IO 7 ) c o a rse r  th an  any o th e r  t r a c h y t ic  rock  

seen in  th e  a r e a .  In  some s u c tio n s  (2 /8 0 , 2 /157) f r e s h  nep h elin e  m icro

p h en o cry sts  a re  abundant (15%) w hile  in  o th e rs  th e  m inera l i s  a b se n t.

Dark g reen  s tro n g ly  p le o c h ro ic  a e g ir in e  i s  a  conspicuous m afic c o n s t i tu e n t .

(g ) P h o n o lite s

P e tro g ra p h ic a l ly  and ch em ica lly  th e se  ro ck s  a re  more d i s t i n c t  from 

th e  tra c h y p h o n o lite s  th a n  th e  l a t t e r  a re  from th e  t r a c h y te s .  They a re  

v e ry  f in e -g ra in e d , in  many ca se s  a p h a n i t ic ,  ro ck s ; v/ith la rg e  but w e ll-  

s c a t te r e d  p h en o cry sts  o f f e ld s p a r ,  n e p h e lin e , b i o t i t e  and pyroxene in  th e  

p o rp h y r i t ic  ty p e s . N epheline i s  abundant, a s  p rism s, in  th e  groundmass.

In  th e  p re se n t a re a  th e  ty p e  i s  co n fin ed , w ithou t ex cep tio n , to  th e  

Tugen H i l l s  Group. A part from amounts and ty p e s  o f phenocrysts  th e re  i s  

l i t t l e  p é tro g ra p h ie  v a r ia t io n  th roughou t th e  group but th e  Sumet P h o n o lite  

has some p o s s ib ly  s ig n i f ic a n t  minor d if f e r e n c e s  from th e  o th e rs  and i s  

d e sc rib e d  s e p a ra te ly .
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1 , S idekh P h o n o lite s  and Kamuiton (Tiim ) P h o n o lite s  (T ab les 13,14)

The d i s t r ib u t io n  and ty p e  of p h en o cry sts  in  th e se  u n i t s  i s  f u l l y

d e sc rib e d  in  P a r t  I .  B r ie f ly ,  n ep h e lin e  and san id in e  occur th ro u g h o u t, 

but a re  in  g e n e ra l l a r g e r  in  th e  low er Sidekh flo w s. A northoclase  

p h en o cry sts  a re  r a r e  (2 /3 2 2 ) . N epheline (up to  10 mm.) in  th e  low er 

Sidekh flow s i s  commonly a l t e r e d  to  c a n c r in i te  e tc .,w h e re a s  i t  i s  

sm a lle r  and w a te r -c le a r  in  upper Sidekh and Kamuiton u n i t s .  B io t i te  

i s  ab sen t from th e  low er Sidekh P h o n o lite s  but prom inent in  th e  r e s t  o f 

th e  su c c e ss io n . 'D io p s id ic  a u g i te ' occurs more commonly in  th e  Sidekh 

P h o n o lites  th an  in  th e  Kamuiton P h o n o li te s .

Very few flow s a re  com ple te ly  devoid o f p h en o cry sts ; on th e  o th e r  

hand th e re  a re  no s tro n g ly  n e p h e lin e -p h y ric  ty p e s  such a s  th o se  which occur 

on th e  L a ik ip ia  s id e  o f th e  R if t  (S cea l Ph.D. th e s i s  in  p re p a ra t io n )  and 

on th e  so u th ern  Elgeyo-Kamasia a re a  (L ippard  Ph.D. th e s i s  in  p re p a ra t io n ) .  

The groundmass i s  a  f e l t e d  or p i l o t a x i t i c  mesh o f fe ld s p a r  m icro

l i t e s  and n ep h e lin e  p rism s; t r a c h y t ic  te x tu re  i s  r a r e  ( 2/ 323 ) .  Mafic 

m in e ra ls  a re  a e g ir in e - a u g i te ,  k a ta p h o r i te  (o f te n  e q u a llin g  th e  pyroxenes 

in  abundance) and a e n ig m a tite . In  a  few case s  th e  m afics may form m icro- 

p o i k i l i t i c  s e g re g a tio n s  ( 2/ 209 ) bu t t h i s  i s  no t obvious in  th e  hand- 

specimen as i t  i s  in  th e  Sumet P h o n o li te . The 'r h y o l i t o i d '  flow -banding 

in  th e  to p  Kamuiton P h o n o lite  (2 /231) i s  seen in  th in  s e c tio n  to  be caused 

by th e  c o n c e n tra tio n  o f a e g ir in e - a u g i te  and fe ld s p a r  in to  d i s t i n c t  f in e  

l a y e r s .  I n t e r s t i t i a l  g la s s  and a n a lc i te  occur commonly th ro u g h o u t.

Secondary c a l c i t e  occurs th roughou t a s  v e in s  and amygdales and 

g e n e ra l ly  d isp e rse d  th rough  th e  ro c k . The low est flow  o f th e  Kamuiton 

P h o n o lite  has d i s t in c t iv e  la rg e  e lo n g a ted  amygdales l in e d  by euhed ra l 

a n a lc i t e  and su b seq u en tly  f i l l e d  by c a l c i t e  (2 /2 3 8 ) .

2 . Sumet (E w alel) P h o n o lite  (T ab le  14)

T his u n i t ,  which ap pears  to  be a s in g le  flow , d i f f e r s  from th e  

rem ainder o f th e  Tugen H i l l s  Group p h o n o lite  in  a  number o f ways.
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( i )  M icrophenocrysts o f s a n id in e  and n ep h e lin e  a re  much more common 

(30%-40%) th a n  in  th e  o th e r  p h o n o li te s .

( i i )  Pyroxene p h en o cry s ts , when p re s e n t, a re  o f a e g ir in e - a u g i te  w ith  

spongy rim s o f th e  same m in era l (2 /2 1 1 )•

( i i i )  A blue-brow n am phibole, r e f e r r e d  to  a r fv e d s o n i te ,  i s  prom inent 

and may occur in  p lace  o f th e  k a ta p h o r ite  o f th e  o th e r  p h o n o lite s .

( iv )  The m afics commonly occur in  p o i k i l i t i c  p a tch es  g iv in g  th e  

rock  a  d i s t in c t iv e  'f re c k le d *  appearance in  hand-specim en.

In  g e n e ra l p e tro g rap h y  th e  rock  i s  c lo s e r  to  th e  o th e r  Tugen H i l l s  

Group p h o n o lite s  th a n  to  an y th in g  e l s e ,  bu t in  th e  f e a tu re s  l i s t e d  above 

i t  a ls o  has resem blance to  th e  t r a c h y te - tra c h y p h o n o li te  group . I t  conforms

to  th e  o r ig in a l  "Kamasia-type* p h o n o lite s  o f P r io r  ( I 903 ) .

(h) P h o n o lite  ty p e s  in  Kenya 

P r io r  (1903 ) c l a s s i f i e d  p h o n o lite s  from Kenya in to  th re e  m ajor g roups:

(a )  P h o n o lite s  w ith  la rg e  n ep h e lin e  p h en o cry sts

( i )  Losuguta type  : a l k a l i  p y r ib o le s  even ly  d is t r ib u te d

( i i )  Kamasia type  : a l k a l i  p y r ib o le s  in  d is c r e te  s u b - p o ik i l i t i c  patchao.

( i i i )  A type  in te rm e d ia te  between ( i )  and ( i i ) .

( iv )  A type  c o n ta in in g  sphene but no so d a-am phibole.

(b ) P h o n o lite s  v l th  sm all n ep h e lin e  p h en o cry sts

These a re  th e  ' Kenya ty p e * p h o n o li te s .  M icrophenocrysts o f nep h elin e  

occur surrounded  by a e g i r in e .  C oarser in  g r a in - s iz e  th an  th e  

'Losuguta* e t c .  ty p e s , and w ith  t r a c h y t ic  te x tu r e .

(c )  P h o n o lite s  w ith  n ep h e lin e  o c cu rrin g  on ly  i n t e r s t i t i a l l y  in  th e  

groundm ass.
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However, o th e r  w r i te r s  (N e ilso n  1921, Smith 1931, 1938) re -d e f in e d  

th e  ty p es  and e re c te d  s e v e ra l  new ones w ith  th e  r e s u l t  th a t  e v e n tu a lly  

use o f th e  ty p e  names caused only  am bigu ity  and c o n fu s io n . W illiam s C1967) 

summarised th e  problem in  a  thorough and lu c id  review  but u n fo r tu n a te ly  

went on to  suggest f iv e  e n t i r e ly  new geograph ica lly -nam ed ty p e s .

The p é tro g ra p h ie  and chem ical evidence from B aringo, in c lu d in g  th e  

p re se n t map a re a , su g g es ts  th a t  P r i o r 's  o r ig in a l  c l a s s i f i c a t i o n  was 

e s s e n t i a l ly  v a l id .  In  Baringo two main groups can be d is t in g u is h e d :

(a )  P h o n o li te s : These a re  p o rp h y r i t ic ,  very  f in e -g ra in e d  o r a p h a n it ic ,  

s tro n g ly  u n d e r -s a tu ra te d  but c f te n  metaluminous a s  w e ll as  p e ra lk a l in e .  

These conform w ith  th e  'L o s u g u ta ',  'in te rm e d ia te ' and 'K am asia' ty p es  o f 

P r io r  ( = 'M ara' and 'K erich o ' ty p e s  o f W illiam s). The a f f i n i t i e s  of th e  

'K a p i t i '  type  (abundant la rg e  p h en o cry sts) o f N e ilso n  a re  obv iously  w ith  

t h i s  group .

(b ) T rac h y p h o n o lite s : M icrophyric and n o n -p o rp h y ritic  ty p e s , c o a rse r

in  g ra in  s iz e  th a n  type  ( a ) ,  w ith  t r a c h y t ic  te x tu r e .  T his type  i s  l e s s  

u n d e rsa tu ra te d , n ep h e lin e  only  occurs as  m icrophenocrysts  ( in  th e  c o a rse r  

ty p e s  th e  n ep h e lin e  'm ic ro p h en o c ry s ts ' a re  no t much la r g e r  th an  th e  ground

mass f e ld s p a r s )  and u s u a lly  p e r a lk a l in e .  T his i s  obv iously  th e  ' Kenya 

type  p h o n o lite ' o f P r io r .  As W illiam s s t a t e s ,  t h i s  type  g rades in to  

p h o n o li t ic  t r a c h y te .

The 'K am asia' type  o f P r io r  i s  w e ll re p re se n te d  in  Baringo by the  

Ew alel P h o n o lite s  in  th e  Kamasia and c e r ta in  o f th e  flow s in  th e  Rumuruti 

P h o n o lite s  on th e  L a ik ip ia  p la te a u .  Martyn (pers.com m .) b e lie v e s  th a t  

th e  o r ig in a l  'K am asia' ty p e  specim ens c o l le c te d  by Gregory were ob ta in ed  

from th e  Ev/alel P h o n o lite s  in  th e  Ndau R iver v a l le y .

The one a v a i la b le  a n a ly s is  o f an Ew alel P h o n o lite  (2 /211) shows le s s  

norm ative n ep h elin e  (17% as  opposed to  th e  maximum of 23%) th an  in  some 

o th e r  Tugen H i l l s  Group specim ens. In  a d d it io n  th e  Sumet (Ew alel
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Form ation) P h o n o lite  shows, as d e sc rib e d  in  a  p rev io u s  s e c t io n , c e r ta in  

p é tro g ra p h ie  f e a tu re s  re m in isc en t o f th e  younger t r a c h y te s  and tra c h y 

p h o n o li te s .

I t  i s  perhaps s ig n i f ic a n t  th a t  N e ilso n  removed some o f P r i o r 's  

'in te r m e d ia te ' and 'Kamasia* ty p es  to  th e  'K enya' ty p e  and th a t  'K am asia' 

i s  dropped from W illiam s' c l a s s i f i c a t i o n  a l to g e th e r .  I t  i s  suggested  th a t  

th e  reaso n  fo r  th e  demise o f th e  ' Kamasia ty p e ' may be th a t  a f t e r  G rego ry 's  

o r ig in a l  t r a v e r s e  o f th e  a re a  th e  Kamasia Range was no t f u r th e r  mapped or 

in v e s t ig a te d  fo r  th e  nex t s ix ty  y e a r s .  During t h i s  tim e la rg e  a re a s  of 

p h o n o lite s  were mapped and sampled over th e  r e s t  o f th e  v o lcan ic  p ro v in ce , 

and a c o l le c t io n  b ia s ,  which had i n i t i a l l y  favoured  th e  Kamasia (sen su  l a to )  

p h o n o lite s  a f te rw a rd s  swung a g a in s t  them, and caused th e  'Kamasia ty p e ' 

to  fade in to  ap p aren t in s ig n i f ic a n c e .

The s t r a t ig r a p h ie  s ig n if ic a n c e  i s  im p l ic i t  in  much th a t  has been s a id  

so f a r  in  th e  p re se n t work: th e  'p h o n o l i te s ' a re  r e s t r i c t e d  to  (and la rg e ly  

d e fin e )  th e  Miocene -  L .P lio cen e  p la te a u  sequence; th ey  a re  never found 

among th e  younger R if t  f lo o r  v o lc a n ic s . The 't r a c h y p h o n o li te s ' a re  th e  

ty p ic a l  f e ld s p a th o id a l  la v a s  o f th e  P l io -P le is to c e n e  R if t  f lo o r  volcanisra, 

bu t do a lso  occur in  th e  o ld e r  sequence ( e .g .  th e  A tim et T rachyphono lite) 

in  very  sm all am ounts.

I s o to p ic  d a te s  su g g est th a t  th e  p h o n o lite s  a t  th e  to p  o f th e  th ic k  

Kamasia su ccess io n  a re  younger th a n  th e  bu lk  o f th e  p h o n o lite s  on th e  R i f t  

sh o u ld e rs  and p la te a u x . P e trog raphy  su g g es ts  th a t  some o f th e se  same to p  

p h o n o lite s  may be a  p e tro lo g ic  l in k  between th e  o ld e r  group and th e  

(m ain ly) younger tra c h y p h o n o li te s .  Thus a lth o u g h  th e  r e s u s c i ta te d  

'Kamasia type* may s t i l l  be v o lu ra e tr ic a l ly  in s ig n i f ic a n t  th e  w r i te r  f e e ls  

th a t  th e y  shou ld  no lo n g e r be n e g lec te d  in  any p e tro g e n e tic  argum ent.
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PART Vt PETROLOGY

(a )  In tro d u c tio n

The w r i te r  i s  c h ie f ly  concerned to  show th a t  th e  d i s t i n c t  s t r a t ig r a p h ie  

b reak  in  th e  sequence o f th e  a re a ,  a t  th e  to p  o f th e  Tugen H i l l s  Group, 

i s  a ls o  o f m ajor im portance from a p e t r o lo g ic a l  p o in t o f view . Lavas 

below th e  unconform ity  a re  la r g e ly  s tro n g ly  fe ld s p a th o id a l  b a s ic  and 

p h o n o li t ic  ty p e s , w hile  th o se  above form an o l iv in e -b a s a l t /m u g e a r i te /  

t r a c h y te  s u i t e .  To t h i s  end th e  two s u i te s  a re  d is tin g u is h e d  sy m b o lica lly  

on chem ical v a r ia t io n  d iagram s. Comparison w ith  o th e r p ro v inces and some 

problem s o f p e tro g e n e s is  a re  b r i e f ly  d isc u sse d .

The p resence  o f d i s t i n c t  ' su b -p ro v in c e s ’ w ith in  th e  E ast A frican  

v o lc an ic  p rov ince  was p o in te d  out by W right (1963» I 965 ) who d is tin g u is h e d  

between th e  ’Miocene p h o n o lite  su b -p ro v in c e ’ , th e  ’P lio -P le is to c e n e  R if t  

V a lley  su b -p ro v in ce* , th e  l a t t e r  dom inated by tr a c h y te s  and o l iv in e - b a s a l t s ,  

and th e  ’Mount Kenya su b -p ro v in c e ’ . There i s  s tro n g  evidence from th e  

Kamasia t h a t  th e  concept o f th e  f i r s t  two o f th e se  p ro v in ces , a t  l e a s t ,  

i s  v a l id .  Less g e n e ra l is e d  summaries a re  by W illiam s ( 1965 , 1969); in  

W illiam s ( I 969 ) an ex trem ely  la rg e  number o f ’v o lcan ic  a s s o c ia t io n s ’ i s  

re c o g n ize d .

Baker e t  a l .  ( in  p re s s )  app ly  th e  r e s u l t s  o f is o to p ic  d a tin g  to  th e  

v o lc a n ic s , and e r e c t  a rough c h ro n o s tra tig ra p h y  fo r  th e  major g roups.

These a u th o rs  su g g est t h a t ,  c o n s id e rin g  on ly  th e  sequence w ith in  th e  

r i f t  v a l le y ,  a f o u r - fo ld  grouping  can be made; t h i s  c o r r e la te s  w ith  

W righ t’ s  ’ su b -p ro v in c e ' and th e  p re se n t w r i t e r ’ s l i th o s t r a t ig r a p h ic  

groups (Roman num erals) as  fo llo w s;
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BAKER e t  a l .  WRIGHT

U,P lio cen e  -  P le is to c e n e  ; t r a c h y te s  (IV & V) P lio -P le is to c e n e  R if t  
M.P lio cen e  : b a s a l t s  ( i l l )  V alley  sub-p rov ince

U.Miocene -  L .P lio c en e  : p h o n o lite s , Miocene p h o n o lite  sub -p rov ince

lo c a l  t r a c h y te s  ( l l )

( un-name d n o rth e rn  b a s a l t ic  
L. & M. Miocene : b a s a l t s  ( I )  sub-p rov ince)

(b ) P e tro ch em is try

1 . G eneral

A t o t a l  o f 51  wet chem ical a n a ly se s  w ith  c a lc u la te d  norm ative compo

s i t i o n s  i s  p re se n te d  ( ta b le s  1 5 -2 5 ). Of th e s e ,  17 a re  o f la v a s  from th e  

a re a  to  th e  sou th  mapped by M artyn ( 1969 ) ,  in  which th e  v o lcan ic  su ccess io n  

i s  e s s e n t i a l ly  th e  same a s  th a t  in  th e  p re se n t a r e a .

The e s s e n t ia l  d i s t in c t io n  between th e  two major s u i te s  i s  i l l u s t r a t e d  

by th e  p lo t  o f th e  ro ck s  on th e  well-known a l k a l i s / s i l i c a  diagram ( f i g .  3 4 ) . 

In  t h i s  diagram  th e  upper d iag o n a l l i n e  r e p re s e n ts  th a t  p lo t te d  by 

Saggerson and W illiam s (1964) to  s e p a ra te  n e p h e lin e -b e a rin g  and n ep h e lin e - 

f r e e  ro ck s  in  th e  n o r th e rn  Tanzania 'a lk a l in e  d i s t r i c t ' .  As shown t h i s  

l i n e  a lso  co n v en ie n tly  s e p a ra te s  th e  two s u i t e s  in  th e  p re se n t a re a , w ith  

th e  ex cep tio n  of th e  tra c h y p h o n o lite  group which s t r a d d le s  i t .  The lower- 

d iag o n al l i n e  i s  t h a t  d e fin ed  by Macdonald ( 1968 ) d iv id in g  th e  ' t h o l e i i t i c '  

and 'a l k a l i c '  s u i t e s  o f H aw aii. I t  i s  perhaps m islead ing  to  c h a ra c te r is e  

th o se  ro ck s  p lo t t in g  above th e  upper l i n e  as 's t r o n g ly  a l k a l i c ' ;  a lk a l i s  

a re  more r e a l i s t i c a l l y  exp ressed  a s  a r e c a lc u la te d  percen tag e  o f th e  rock  

a f t e r  s u b tra c t io n  o f th e  s i l i c a  p e rc en ta g e . Thus th e  most s tro n g ly  'a l k a l i c '  

ro ck s  in  th e  diagram , th e  p la te a u  p h o n o lite s , com prise both metaluminous 

and p e ra lk a l in e  com positions, due to  t h e i r  h igh  alum ina p e rcen tag e .
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I t  shou ld  be s t r e s s e d  th a t  in  th e  a l k a l i s / s i l i c a  diagram  th e  two s u i te s  

in d ic a te d  by th e  d i f f e r e n t  symbols a re  s e p a ra te d  e n t i r e ly  on s t r a t ig r a p h ie  

g rounds, n o t ,  a s  i s  u s u a lly  th e  c a se , on a  co m p o sitio n a l b a s is .

Taken a s  a  whole th e  a l k a l i s / s i l i c a  p lo t  o f th e  Kamasia ro ck s  shows 

a s tro n g  resem blance to  th a t  o f th e  Rungwe ro ck s  (E ark in  o p .c i t . )  even 

to  th e  i s o la te d  h ig h - a lk a l i s  p h o n o lite  group and th e  f a r - f lu n g  o u tp o s ts  

o f h ig h - s i l i c a  t r a c h y te s .  However when th e  Kamasia younger s u i te  a lone  

i s  compared w ith  th e  Rungwe p lo t  a  s ig n i f ic a n t  d if f e re n c e  i s  seen ; above a 

s i l i c a  pe rcen tag e  o f 34 , a l l  bu t two o f th e  Rungwe ro ck s p lo t  on th e  

'n ep h e lin e -b ea rin g *  s id e  o f th e  Saggerson-V iilliam s l i n e ,  whereas in  th e  

same s e c t io n  o f  th e  Kamasia younger s u i te  on ly  fo u r ou t o f  s ix te e n  ro ck s  

occur i n  t h a t  f i e l d .

Comparison w ith  o th e r  p ro v in ces  e v e n tu a lly  becomes te d io u s  but a s  a  

g e n e r a l is a t io n  th e  Kamasia younger s u i t e  p lo t  in  th e  same a re a  a s  s im ila r  

basa l t -m u g e a r i te - t r a c h y te  a s s o c ia t io n s  from many o th e r  p ro v in ce s , e .g .

H aw aii, and can rea so n a b ly  be d e riv e d  by a c r y s ta l  f r a c t io n a t io n  p ro ce ss  

s t a r t i n g  w ith  an * average o l iv in e - b a s a l t* .  The o ld e r  s u i te  i s  more 

p ro b le m a tic a l and no t enough m a te r ia l  i s  y e t a v a i la b le  ( e i th e r  in  th e  

f i e l d ,  o r th e  la b o ra to ry )  to  draw many c o n c lu s io n s . A lso , in  th e  case  o f 

th e  younger s u i t e  th e  p ro p o r tio n s  o f ty p es  p lo t te d  in d ic a te  f a i r l y  c lo se ly  

th e  a c tu a l  p ro p o r tio n s  o f th e  ty p e s  p re se n t in  th e  f i e l d .  T h is i s  no t so 

in  th e  o ld e r  s u i te  where th e  p h o n o lite s , in  th e  p re se n t a re a , exceed o th e r 

ty p es  in  volume by about 13 to  1 .

The d i f f e r e n t i a t i o n  tre n d s  a re  a ls o  shown by a  p lo t  o f th e  ox ides 

ag e^ n st th e  's o l i d i f i c a t i o n  in d e x ' ( «go ;  FeO^f^FesO^H- Ma^O + KgO ^

o f Kuno e t  a l .  (193?) where smooth cu rves in d ic a te  con tinuous d i f f e r e n t i a t io n  

( f i g .  3 3 ) » On t h i s  diagram  th e  long  * ta i l*  between th e  c e n tre  and th e  

le f t - h a n d  s id e  o f th e  diagram  in d ic a te s  ro ck s  w ith  a  la rg e  accum ulate 

f r a c t io n .  From t h i s  p o in t o f view o th e r  ty p e s  o f index  a re  perhaps
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p re fe ra b le ,  bu t th e  p re se n t one i s  used to  f a c i l i t a t e  com parison w ith  

o th e r  p u b lish ed  accoun ts  o f E ast A frican  ro ck s  (H arkin  I 96O, Saggerson 

and W illiam s 1964).

A marked d isco rd an ce  between th e  tre n d s  fo r  th e  two s u i te s  i s  seen 

in  th re e  c a s e s .

( 1 ) In  th e  s i l i c a / s o l i d i f i c a t i o n  index  p lo t  th e  tre n d  fo r  th e  o ld e r 

s u i te  i s  p a r a l l e l  to  but c o n s is te n t ly  below th a t  o f th e  younger s u i t e ,  

even to  th e  e x te n t o f d iv id in g  th e  tra c h y p h o n o lite  group.

( 2 ) The tr e n d s  fo r  alum ina c ro s s  over one a n o th e r; th e  most b a s ic  

o f th e  o ld e r  s u i t e  have a low er alum ina p e rcen tag e  th a n  a l l  but th e  most 

o b v io u sly  raa fic -accu rau la tic  ty p e s  in  th e  younger s u i t e ,  bu t th e  tre n d  

in c re a s e s  s te a d i ly  to  th e  h ig h  alum ina v a lu e s  o f  th e  Noroyan a n a lc i te -  

trach y m u g ea rite  and th e  p h o n o li te s .  The s o l i t a r y  younger s u i te  rock  

p lo t t in g  w e ll above bo th  tre n d s  i s  a  s tro n g ly  fe ld sp a rp h y ric  ’b ig - f e ld s p a r ’ 

b a s a l t  from th e  K apara ina .

( 3 ) The t r e n d  fo r  t o t a l  i r o n  d iv e rg es  from th e  b a s ic  ty p e s  to  th e  

f e l s i c  d i f f e r e n t i a t e s  where th e  o ld e r  s u i t e  i s  d i s t i n c t l y  low er in  iro n  

th an  th e  younger s u i t e .

The cu rves fo r  th e  Rungwe and n o rth e rn  T anzania rocks a re  v e ry  s im ila r  

bu t com parison w ith  th e  alum ina p lo ts  i s  i n t e r e s t in g :  in  th e  n o rth e rn  

T anzania p lo t  th e  two s e r i e s  ( ’ m ild ly  a lk a l in e  ’ and ’ s tro n g ly  a lk a l in e ')  

a ls o  c ro s s  o v er, bu t a t  an 8 . 1 . v a lu e  o f about 3 » th e  tre n d  o f th e  

n e p h e lin e - f re e  ro ck s  dropping  s h a rp ly  below th a t  o f th e  n e p h e lin e -b e a rin g  

s e r i e s  which fo r  most o f i t s  le n g th  i s  c o n s is te n t ly  th e  low er o f th e  two.

In  th e  Rungwe p lo t ,  th e  tr e n d  r i s e s  s te a d i ly  to  an S . I .  va lue  o f about 7*5 

and d iv e rg e s  sh a rp ly  in to  two g ro u p s. With th e  la c k  o f a few tra c h y -  

m u g earite s  from th e  younger s u i t e ,  and no s t r a t ig r a p h ie  d i s t in c t io n  between 

s u i t e s ,  th e  Kamasia alum ina tr e n d  would have looked very  s im ila r .
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The Kamasia d i f f e r e n t i a t i o n  tr e n d  i s  a ls o  i l l u s t r a t e d  on th e  ATM 

diagram  ( f i g ,  ^6) which shows th e  r e l a t i v e l y  low er iro n  enrichm ent in  th e  

o ld e r  s u i t e .  The tr e n d  o f th e  l a t t e r  i s  f a i r l y  c lo se  to  th a t  o f th e  

Rungwe ro ck s  bu t th e  tre n d  o f th e  younger s u i t e  i s  more com parable to  

th o se  o f H aw aii, H eb rid es, M au ritiu s  e tc .

The Ca0/Na20/K£0  t r i a n g u la r  diagram i s  in c lu d ed  s in c e  i t  i l l u s t r a t e s

perhaps b e t t e r  th a n  any o th e r  th e  t r u e  r e l a t i v e  abundance in  th e  younger

s u i te  o f ro ck  ty p e s  in  th e  f i e l d .  F or t h i s  re a so n , th e  frequency  o f a l l

an a ly sed  specim ens from bo th  s u i t e s  i s  a ls o  p lo t te d  a g a in s t  a  c a lc iu m /

a l k a l i s  d i f f e r e n t i a t i o n  index  ( ■ ) in  th e  h is to g ram  ( f i g .vau + f4a2U +

3 8 ) .  T h is  shows th a t  a lth o u g h  th e  u su a l b im o d a lity  i s  pronounced i t  i s  

d ec id ed ly  asym m etric, th e  curve f a l l i n g  f a i r l y  s te a d i ly  from b a s a l t  tow ards 

m u g earite , f i n a l l y  r i s i n g  sh a rp ly  to  th e  f e l s i c  peak . ( I f  th e  p h o n o lite s  

were re p re se n te d  a s  a  t r u e  p ro p o r tio n  th e  f e l s i c  peak would be more th a n  

tw ice  a s  h ig h .)

Another i n t e r e s t i n g  diagram  i s  th e  p lo t  o f Na20  a g a in s t  K2O. In  th e  

younger s u i t e  t h i s  shows a  w e ll-d e f in e d  t r e n d , w ith  a  g ra d u a l in c re a s e  in  

K2O r e l a t i v e  to  Na2Û tow ards th e  f e l s i c  end; th e  p lo t s  o f th e  o ld e r  s u i te  

a re  more s c a t te r e d ,  bu t s t i l l  in d ic a te  th e  same p o ta sh  en richm ent.

2 , Norm ative an a ly se s

The norm ative a n a ly se s  a re  shown a s  s ta n d a rd  CIPW norms; (a  s l i g h t ly  

re v is e d  c a lc u la t io n ,  more s u i ta b le  fo r  th e  ro ck s  o f th e  a re a , has s in ce  

been d ev ised  by S.D . Weaver -  pers.com m ,).

In  th e  younger s u i t e  norm ative n ep h e lin e  in  th e  b a s a l t i c  ro ck s  i s ,  

w ith  one e x ce p tio n , alw ays l e s s  th a n  3  p e r c en t and d ecrea se s  a long th e  

d i f f e r e n t i a t i o n  t r e n d , m ugearite  and trach y m u g ea rite  being  s l i g h t ly  

q u a rtz -n o rm a tiv e , a s  a  r u l e .  In  th e  o ld e r  s u i te  b a s ic  and in te rm e d ia te  

ro ck s  however norm ative n ep h e lin e  v a r ie s  between 7 .2  and 2 2 .3  p e r c e n t, 

av erag in g  l 6 .2  p e r c e n t, bu t no d is c e rn ib le  p a t te r n  can be seen .
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The o ld e r  s u i t e  p h o n o lite s  average  over 20 p e r cen t nep h elin e  w ith  

more l e s s  th a n  l4  p e r c en t whereas a l l  th e  tra c h y p h o n o lite s  have norm ative 

n ep h e lin e  l e s s  th an  10 p e r c e n t, ag a in  em phasising th e  gap between th e  two 

g ro u p s. Normative q u a r tz  in  th e  Atim et a n a ly se s  i s  anomalous but may be 

caused by th e  a l t e r a t i o n  o f th e  n ep h e lin e  a n d /o r o c c u lt secondary s i l i c a .

The t r a c h y te s  v a ry  from 1 .4  ne-norm ative  to  6 .1  q -norm ative, and th e  

e x c e p tio n a l com endite from th e  K abarnet T rach y tes  ( I / 765) w ith  22 .5  per 

c en t norm ative q u a r tz .
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3 . T ab les o f chem ical a n a ly se s  ( a l l  a n a ly se s  by H, Lloyd)

Term inology o f ro ck s  p re f ix e d  * l / '  i s  by J .E .  M artyn.

V/hen two or more fo rm atio n s  a re  in c lu d ed  w ith in  one ta b le  th e  a n a ly se s  

a re  a rran g ed  in  ascend ing  s t r a t ig r a p h ie  o rd e r , from l e f t  to  r i g h t .  W ithin 

one fo rm atio n , th e y  a re  a rran g ed  in  ascending  o rd e r o f SiO^ percen tage  

u n le s s  o th e rw ise  s ta t e d  below. An a s t e r i s k  in d ic a te s  th a t  a  p é tro g ra p h ie  

d e s c r ip t io n  i s  a ls o  ta b u la te d  in  th e  p re se n t volume.

Index to  ta b le s :

Table 15

1/515

l/56?a
1 / 6 0 9 v

l / 609v i

Table lo

2/237*
2/340«
2/341*

2/329*

2/239*

Table 17 

2/ l 56b* 
1/409 

2/173* 
2/ 16* 

1 /296  

2/46*

Table 18

2/ 344*

V 761

1 /8 5 8

2/ 162*

2/ 100*

2/ 119*
2/ 136*

A nkararaite, Saimo B asa n ite s  Form ation 

A n a lc i te -b a s a n ite ,  Saimo B asa n ite s  Form ation 

A n a lc ite  o l iv in e - b a s a l t ,  Saimo B anan ites  Form ation 

(no p é tro g ra p h ie  d e s c r ip t io n )  Saimo B asan ite s  Form ation

H aw aiite , Noroyan Form ation 

A n a lc ite -h a w a iite , Noroyan Form ation 
A n a lc ite -h a w a iite , Noroyan Form ation 

A n a lc ite -h a w a iite , Noroyan Form ation 

A n a lc ite -m u g e a rite , Noroyan Form ation

O l iv in e - b a s a l t , K aparaina Form ation 

P i c r i t i c  b a s a l t ,  K aparaina Form ation 

D o le r i t ic  o l iv in e - b a s a l t ,  K aparaina Form ation 

B a s a l t , K aparaina Form ation 

F e ld sp a rp h y ric  b a s a l t ,  K aparaina Form ation 

B a s a l t , K aparaina Form ation

O liv in e -b a s a l t ,  Lokwetemoi, K abarnet Form ation 

A lk a l i - b a s a l t , Eron B a sa lts  

O liv in e -b a s a l t ,  Keiturwo B asa lt 
P i c r i t i c  b a s a l t ,  Kaperyon Form ation 

Z e o l i t i c  o l iv in e - d o le r i t e ,  Y epkarat S i l l  

O l iv in e - d o le r i te ,  Yepkarat S i l l  

D o le r i t ic  o l iv in e - b a s a l t ,  Nginyang B asa lt
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Table 19 

2/ 71* 

2/125* 

1/277 

1/996 
1/114 

1/97- 
1/99

T able 20 

2/ 26* 
2/ 345* 

2/ 298* 

1/765 
2/ 22* 

2/79*

Table ?1

2/ 62*

2/ 117*

2/ 133*

Table 22

2/ 315*
2/224*

2/ 225*

2/236

2 /1 0 8

2/84*

1 /5 1

T able 23 

1/596 

1/597

2/ 325*
2/314*

2/ 231*
2/ 211*

M ugearite , dyke in  K abarnet Form ation 

M ugearite , (b a s a i)  K aparaina Form ation 
B io t i te -k a ta p h o r i te -m u g e a r i te ,  K aparaina Form ation 

M ugearite , K aparaina Form ation 

M ugearite , Ndau M ugearites

A northoclase  tra ch y m u g ea rite , Songoiwa T rachym ugearites 

A northoclase  tra ch y m u g ea rite , Songoiwa Trachym ugearites

A lk a l i - t r a c h y te ,  K abarnet Form ation 

A lk a l i - t r a c h y te ,  K abarnet Form ation 

Q u a r tz - a lk a l i - t r a c h y te ,  K abarnet Form ation 

Comendite, in t r u s iv e ,  K abarnet Form ation 

A lk a l i - t r a c h y te ,  Ribon T rachyte  Form ation 

A lk a l i - t r a c h y te ,  Ribon T rachy te  Form ation

Q u a r tz - a lk a l i - t r a c h y te ,  p lug  in  K aparaina Form ation

T rach y te , K aparaina Form ation

Q u a r tz - tra c h y te , K aparaina Form ation

T rach y p h o n o lite , (Chemoigut) Tiim P h o n o lite s  Form ation 

G lassy  t r a c h y te ,  (A tim et) Tiim P h o n o lite s  Form ation 

P h o n o li t ic  t r a c h y te ,  (A tim et) Tiim P h o n o lite s  Form ation 

T rach y p h o n o lite , (A tim et) Tiim P h o n o lite s  Form ation 

P h o n o li t ic  t r a c h y te ,  Chemolingot 

T rach y p h o n o lite , Loyamarok T rachyphono lite  

A n a lc ite  p h o n o lite , Loyamarok T rachyphono lite

P h o n o lite , Sidekh P h o n o lite s  Form ation 

A n a lc ite  p h o n o lite , Sideldi P h o n o lite s  Form ation 

P h o n o lite , Sidekh P h o n o lite s  Form ation 

P h o n o lite , Sidekh P h o n o lite s  Form ation 

P h o n o lite , (Kamuiton) Tiim P h o n o lite s  Form ation 

P h o n o lite , (Suraet) Ew alel P h o n o lite s  Form ation
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TABLE 13 t SAIMO ( ’BASANITES*) FORMATION

1/515 l/5 6 ? a  1/ 609v l / 609v i

SiOg 41.46 4 3 .6 2 4 3 .9 0 4 5 .6 3

TiO^ 2.12 3 .5 6 2 .7 9 3 .1 1

AI2O5 1 3 .5 7 13.42 14 .3 8 1 6 .2 2

F ̂ 2^5 6 .1 7 5 .14 4 .5 8 3 .5 7

FeO 6 .9 5 7 .4 7 7 .6 8 6 .3 7

MnO 0.21 0 .21 0 .2 3 0 .1 8

MgO 6 .9 9 6 .2 0 6 .1 0 3 .7 5
CaO 1 2 .5 5 1 1 .1 5 10.48 8 .68

N&20 4 .8 2 5 .0 2 4 .5 5 5 .1 8

KgO 1 .2 8 2 .02 1 .5 6 0 .6 9
H2O+ 2.86 2 .1 6 2 .4 2 4 .46

H2O- 0 .22 0 .1 9 0 .3 5 1 .3 1
0.64 0 .5 2 0 .5 4 0 .4 5

C°2 - - - -

TOTALS 99.84 100.68 9 9 .5 6 9 9 .6 1

NORMS (CIPW)

or 7 .5 7 11 .94 9 .2 2

ab 1 .9 6 6 .3 9 12 .9 3
an 1 1 .6 2 8 .12 14.21
ne 2 1 .0 3 1 9 .5 5 1 3 .8 5
d i 3 7 .0 5 3 4 .9 1 2 7 .5 8
o l 3 .0 9 2 .01 5 .8 1
mt 8 .9 5 7 .4 5 6.64

i l 4 .0 3 6 .7 6 5 .3 0
ap 1 .5 1 1 .2 3 1 .2 7
H^O 3 .0 5 2 .3 3 2 .7 5

TOTALS 9 9 .8 6 100 .69 9 9 .5 6
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TABLE 16: NOROYAN FORMATION -  BASIC/INTERMEDIATE ROCKS

2 /237 2 /3 4 0 2/341 2 /329 2/239

S102 44.14 4 7 .3 6 5 0 .0 1 4 9 .0 8 49 .8 8

TiOa 5 .1 8 1 .9 0 1 .42 1 .7 0 1 .7 3

Al^O^ 15 .69 1 8 .54 20 .35 19 .3 2 19.14

Fe20^ 3 .2 7 3 .0 6 2.88 2.64 2 .3 7
FeO 11.40 3 .4 0 3 .0 2 4 .9 7 4 .5 5
MnO 0.24 0 .2 6 0.24 0 .2 3 0 .1 3

MgO 5 .1 5 2.14 1 .2 8 2 .5 8 2 .1 9
CaO 4 .0 0 6 .5 8 5 .3 7 6 .42 5 .6 3
N&20 5 .2 5 6 .22 7 .3 0 7 .46 6 .5 4
KgO 1 .6 9 3 .0 7 3 .4 0 2.68 2 .9 1
H2O+ 1.66 3 .4 1 3 .0 6 2 .26 2 .4 3
H^O- 0 .21 0 .6 7 0 .6 0 0 .2 8 0 .5 5

^2*^5 I . l 4 0 .4 7 0 .1 9 0 .3 7 0.46

CO2 - 0 .8 3 0.84 0 .0 9 1 .1 9

TOTALS 99.48 9 9 .9 1 99 .9 6 100 .08 9 9 .7 0

NORMS (CIPW)

or 10 .6 3 1 8 .15 20 .10 15 .85 1 7 .2 0

ab 3 8 .2 8 2 6 .0 2 29 .8 6 21.59 30 .45
an 1 2 .1 8 13 .1 8 12 .6 9 11.41 14.28
ne 7 .1 8 1 4 .38 17 .24 22.46 13 .29
d i 0 .4 3 10.04 5 .9 6 1 6 .8 0 8 .7 0

o l 1 5 .99 0 .4 9 2 .3 0 2 .01 3 .6 3
mt 4 .86 5 .8 3 4 .1 8 3 .8 3 3 .4 4

i l 7 .7 1 3 .6 0 2 .7 0 3 .2 3 3 .2 9
ap 2 .7 3 1 .11 0 .4 5 0 .8 7 1 .09

H^O 1 .8 7 4 .0 8 3 .6 6 2 .5 4 2 .9 8

TOTALS 101.88 96.88 99.14 100 .59  98.34
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2/ l 36b 1/409 2 /1 7 3 2 /1 6 1/296 2/46

SiO^ 44 .4 7 46 .31 46.66 46.86 47.46 48.21

TiOg 2.64 1 .5 3 3 .2 3 3 .7 5 1 .74 2 .1 1

^12^3 1 7 .1 1 12 .9 7 1 3 .2 2 15 .3 3 2 2 .1 1 1 6 .72

^®2°3 2 .9 7 3 .1 5 3 .3 1 5 .0 7 2 .7 5 3 .2 9
FcO 9 .1 0 7 .0 5 1 0 .0 1 7 .2 0 5 .5 7 7 .3 3
MnO 0 ,1 8 0 .1 6 0 .2 3 0.21 0 .1 3 0 .1 6

MgO 7 .2 5 12 .34 4.44 3 .7 3 2 .9 8 5 .8 7
CaO 11 .0 9 11 .9 9 8 .9 1 9 .7 9 10 .98 9 .5 3
Na20 2 .7 4 1.88 3 .9 4 4 .0 5 3 .4 3 3 .5 9
K^O 0 .9 8 0 .7 6 1 .6 0 1 .6 1 1 .2 0 1 .2 9
H2O+ 1 .1 1 1 .4 0 0 .3 0 0 .8 7 1 .6 1 1 .4 3
H2O- 0.44 0 ,3 1 0 .6 3 0 .3 7 0 .3 0 0 .1 7

^2°5 0 .3 5 0 .1 9 0 .42 0.64 0 .2 9 0 .3 2

CO2 - - 0 .7 2 0 .9 3 - -

TOTALS 100 .4 3 100.24 99.84 100.69 100 .37 100.04

NORI-IS (CIRV)

or 5 .7 9 4 .4 9 9 .46 9 .5 2 7 .0 9 7 .6 3
ab 14,07 1 5 .3 3 14.72 28 .1 6 24 .34 27 .93
an 31 .4 4 2 4 .7 1 19 .0 8 1 8 .9 0 41 .3 1 23 .7 0
ne 4 .9 2 0 .3 1 10 .0 7 3 .3 1 2 .3 2 1 .3 2

d i 1 9 .15 2 6 .7 3 17 .7 6 20 ,43 9 .2 3 15 .79
o l 1 3 .8 3 19.04 10.68 1 .9 5 6.01 10 .33
mb 4 .3 1 4 .5 7 4 .9 0 7 .3 5 3 .9 9 4 .7 7
i l 5 .0 2 2 .9 1 6.14 7 .1 2 3 .3 0 4 .01

ap 0 .12 0 .4 3 0 .9 9 1 .5 1 0.68 0 .7 6

H2O 1 .5 5 1 .7 0 1 .1 5 1.21 1 .9 0 1 .6 1

T0T.AL8 100.20 100.24 93 .80 99.48 100.37 100 .03



176

TABLE 18: BASALTS, AND DOLERITËS (MISCELLANEOUS - see p.lTl)

2 /3 4 4 1 /761 1 /858 2 /162 2 /1 0 0 2/119 2/136

Si02 4 4 .7 6 47.84 43.48 4 3 .1 1 46.16 4 3 .5 7 47.64

Ti02 3 .5 7 2 .6 2 1 .6 3 1 .7 7 1.66 2.42 1 .9 9

AI2O3 1 3 .0 1 16 .74 17 .2 2 1 4 .3 8 14.99 16 .36 16.48

E ̂ 2^3 3 .2 7 4 .7 2 3 .8 3 2 .3 6 2 .3 1 2 .6 0 2.66

FeO 9 .7 7 6 .3 4 3 .8 3 8 .0 6 8.84 9 .4 3 7 .5 4

MnO 0.24 0 .1 9 o . i4 0 .1 3 0 .1 7 0 .1 6 0 .1 7

MgO 5 .3 4 3 .1 0 7 .2 1 1 1 .7 4 7 .1 5 6 .7 9 7 .6 9
CaO 8.86 9 .2 8 13 .77 11 .8 3 1 0 .6 2 10 .78 11 .29
Na^O 3 .3 8 4 .0 2 2 .2 7 2 .0 7 2 .7 6 3 .2 1 3 .1 0

K2O 1.53 1 .3 6 0 .3 4 0 .3 4 0 .6 3 0 .7 6 0 .7 5
H2O+ 1.39 0 .88 1.24 1 .5 5 3 .7 4 1 .2 9 0.42

H2O- 0 .8 3 0 .2 3 0 .4 3 0.46 0 .7 0 0 .3 7 0 .0 6

P2O5 1 .5 7 0 .3 6 0 .3 8 0 .20 0 .1 3 0 .2 6 0.24

CO2 0 .4 2 - 0 .20 0.11 - 0 .2 3 -

TOTALS 9 9 .9 8 100 .28 100 .19 100 .33 100 .06 100 .4 3 100 .03

NORMS (CIPW)

or 9 .2 1 9 .2 2 3 .1 9 3 .1 9 3 .7 2 4 .4 9 4 .4 3
ab 22 .9 9 2 8 .6 1 16 .0 1 1 3 .8 3 2 3 .3 5 19 .4 3 22 .47
an 21 .19 2 3 .0 3 3 5 .2 1 2 8 .3 6 2 6 .66 2 8 .34 28.84
ne 3 .0 2 2 .9 3 1 .7 3 1 .9 9 - 4 .1 9 2.04
d i 16 .1 3 1 5 .5 0 24.46 2 3 .2 8 20 .36 18 .99 20 .67

hy - - - - 0 .0 8 - -
o l 11 .12 6 .7 7 8 .1 9 20.22 14 .16 13 .9 3 1 2 .9 0
mt 4 .1 9 6 .84 5 .5 5 3 .7 1 3.64 3 .7 7 3 .8 6
i l 6 .7 8 4 .9 8 3 .1 0 3 .3 6 3 .1 5 4 .6 0 3 .7 8
ap 3 .7 1 1 .3 2 0 .9 0 0 .4 7 0 .3 1 0 .6 1 0.33
H2O 2.24 1 .0 9 1 .6 3 2 .00 4.44 1 .6 3 0 .47

TOTALS 100 ,38  100 .29  9 9 .9 9  100.41 100 .07  100.20 99.99
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2 /7 1 2 /123 1/277 1/996 1/114 1/97 1/99

SiOg 5 3 .5 4 3 4 .0 6 4 9 .3 5 30 .8 9 5 1 .5 6 3 8 .4 0 3 8 .1 2

TiOg 1 .84 1 .4 3 2 .6 8 2 .0 1 2 .3 5 1 .3 1 1 .2 3

AlgO^ 15 .4 9 1 6 .39 1 6 .1 0 16 .3 5 1 6 .6 1 16 .18 16.48

F g 2 0 ^ 5 .8 5 3 .8 7 6.44 4 .3 3 2 .75 6 .7 8 3 .8 6

FeO 4 .1 0 6 .3 8 3 .0 4 3 .84 6 .2 3 2 .0 7 1 .7 4

MnO 0 .2 2 0 .2 7 0 .1 6 0 .1 7 0 .2 8 0 .2 2 0 .1 8

MgO 1 .6 7 1 .8 8 3 .1 8 3 .2 1 2 .8 7 0 .9 5 1.59
CaO 5 .3 6 4 .9 7 7 .5 3 5 .9 5 5 .3 3 2 .8 3 3 .9 3
Na£0 5 .1 6 5 .5 8 4 .4 7 4 .64 3 .48 6 . 6 8 6 .1 7
KgO 2 .8 2 2 .84 2 .4 3 2 .6 0 3 .4 4 3 .5 7 3 .9 9
H2O+ 1 .2 8 1 .3 7 1 .9 1 1 .5 2 1 .6 7 0 .3 5 0 .7 6

H2O- 2 .3 8 0 .6 1 0 .7 6 1.44 0 .3 4 0-35 0 .3 0

P2O5 0 .4 3 0 .3 9 0 .3 2 0 .8 8 0 .9 8 0 .3 4 0 .2 7

CO2 - 0 .3 0 - 0 .1 0 - - -

TOTALS 100 .16 100 .36 100 .37 100 .13 99 .89 100 .23 1 00 .72

NORMS (CIPW)

q 2 .7 8 1 .48 — 1 .1 1

or 1 6 .6 7 1 7 .0 0 1 4 .3 6 15 .3 7 2 0 .3 3 2 1 .1 0

ab 4 3 .6 6 5 0 .7 0 3 5 .36 3 9 .2 6 36 .3 8 5 6 .5 2
an 10 .7 8 1 3 .7 3 1 6 .7 0 16 ,66 10 .3 7 3 .6 3
ne - - 1 .3 3 - 5 .41 -
d i 9 .1 0 - 13 .44 5 .7 7 7 .7 8 5 .1 0
wo 0 .3 0 - - - - 0 .7 3
hy - 8 .2 0 4 .0 3 - -
o l - - 1 .1 8 3.84 6 .6 9 -
mt 8 .48 3 .46 9 .0 0 6 .2 8 3 .9 9 3 .5 9
hm - - 0 .2 3 - - 4 .3 0

i l 3 .4 9 2 .04 5 .0 9 3 .8 2 4.46 2 .4 9
ap 1 .0 6 0 .6 3 1 .2 3 2 .0 8 2 .3 1 0 .8 0

HgO 3.64 1 .9 8 2 .6 3 2 .9 2 1 .9 7 0 .8 9

TOTALS 100 .16 101.22 100 .37 100 .03 9 9 .89 100.26
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TABLE 20: TRACHYTES -  KABARNET AND RIBON FORMATIONS

2 /2 6 2/343 2/298 1 /763 2 /2 2 2/79

SiO^ 6 1 .2 8 61 .2 7 62 .97 7 2 .8 3 6 1 .12 61 .34

TiOz 0 .7 5 0 .7 2 0 ,6 6 0 .3 6 0 .6 7 0 .7 0

Al20^ 13.46 14.99 13 .9 3 13.84 1 3 .8 8 1 4 .36

FezO, 3 .3 5 4 .1 3 6 .1 0 1 .4 7 4 .5 5 3 .9 4

FeO 3 .9 7 3 .8 3 2 .24 0 .40 4 .44 3 .7 8
MnO 0.24 0 .3 2 0 .2 7 0 .0 3 0.24 0 .1 9
MgO 0.33 0 .3 0 0 .2 1 - 0 .3 3 0 .2 0

CaO 1 .33 1 .3 3 0 .6 8 0 .0 3 1 .6 2 1 .3 4

NagO 6 .8 3 7 .0 9 6 .6 0 3 .4 9 6 .1 3 6 .3 5
K2O 3 .4 9 3 .4 6 3 .14 3 .0 0 4 .84 5 .0 9
H2O+ 0 ,6 8 0 .3 1 0 .7 8 0 .1 8 1 .2 6 0 .4 3
H2 O- 0.42 0 .3 3 0 .7 9 0 .1 8 1 .0 7 0 .9 7
P2O3 0 .0 6 0 .0 3 0.04 0.04 0 .0 3 0 .0 1

CO2 - - - - - -

TOTALS 100 .39 100.33 1 0 0 .43 100 .07 100 .18 9 9 .8 0

NORMS (CIPW)

q — — 6 .0 3 2 2 .47 4 .0 8 1 .9 4
o r 32 .45 3 2 .3 0 3 0 .4 0 29 .3 5 2 8 .6 2 3 0 .08

ab 46.34 44 .10 4 3 .0 3 4 3 .3 6 4 4 .3 3 4 6 .3 6
ne 1 .4 3 1 .3 3 - - - -
ac 7 .7 8 1 1 .7 8 11 .26 2 .7 3 6 .5 9 7 .8 1
d i 5 .3 8 5 .6 3 2 .9 0 - 6 .64 5 .7 9
hy - ~ 0 .7 4 - 2 .0 8 2 .3 7
o l 3 .41 3 .3 1 - - - -
mt 0 .9 6 0 .0 7 3 .1 8 - 3 .2 9 1 .8 0
hm - - - 0 .5 3 - -
i l 1 .42 1 .3 7 1 .2 5 0 .9 1 1 ,2 0 1 .33
ap 0.14 0 .1 2 0 .0 7 0 .0 9 0 .0 3 0 .0 2
HgO 1 .1 0 0 .6 6 1.37 0 .3 6 2 .3 3 1 .9 0

TOTALS 100.40 100 .69 1 0 0 .4 3 100 .00 9 9 .1 9 9 9 .8 0
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TABLE 21 ; TRACHYTES -  KAPARAINA FORMATION

2/62 2 /117 2 /133

SiO^ 61 .95 63 .2 8 62 .36

TiOg 0 .6 9 0 .4 l 0 .6 9

AI2O2 14.33 15 .9 4 14.02

F ££0^ 4 .2 0 5 .3 1 6 .8 9
FeO 3 .7 4 0 .6 2 1 .4 0

MnO 0 .1 8 0 .1 2 0 .2 8

MgO 0.14 - 0 .1 6

CaO 0 .8 8 0 .5 7 1 .2 0

Na^O 6 .8 3 6 .3 3 6 .8 2

K2O 3 .0 1 5 .4 0 3 .0 1

H2O+ 0 .7 1 0 .9 3 0 .34

H2O— 1 .1 3 0 .8 6 0 .3 1

P£0^ 0 .04 0 .0 3 0 .0 9

CO2 - - -

TOTALS 1 0 0 .03 9 9 .8 0 9 9 .9 7

NORMS (CIPW)

q 2 .0 6 3 .6 0 4 .9 4
o r 2 9 .6 3 3 1 .9 2 2 9 .8 0

ab 46.69 5 1 .9 3 4 7 .2 0

ac 9 .7 5 1 .4 3 11.48
d i 3 .6 3 - 0 .8 8

wo - 1 .0 1 1 .7 4

hy 3 .8 0 - -

mt 1 .1 9 1 .2 0 1 .3 6
hm - 3 .9 9 1 .2 8
i l 1 .3 1 0 .7 8 1 .2 2

ap 0 .0 9 0 .0 7 0 .1 8
H2O 1.84 1 .7 9 1 .0 3

TOTALS 9 9 .9 9 9 9 .7 2 101 .13
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TABLE 22: TRACHYPHONOLITES

2 /315 2/224 2 /223 2 /236 2 /108 2/84 1 /5 1

S i02 5 7 .2 2 5 6 .7 9 56 .3 9 3 8 .0 4 5 8 .7 0 38 .3 6 5 8 .0 3

T i02 1 .1 5 0 .7 0 0 .7 4 0 .7 6 0 .3 6 0.64 0 .6 9
Ai^cy 1 6 .8 8 1 6 .0 0 16 .3 9 1 6 .0 3 1 5 .19 1 6 .38 16 .2 2

FC2O3 2 .7 4 3 .5 7 3 .6 4 4 .7 3 5 .0 8 4 .3 0 4.68
FeO 4 .1 3 4 .1 1 2 .2 7 2 .8 3 3 .7 2 3 .3 1 3 .2 0

MnO 0 .3 2 0 .35 0 .3 5 0 .2 6 0 .3 2 0.33 0 .3 6
MgO 1 .0 6 0 .5 7 0.64 0 .7 4 0 .3 4 0 .3 5 0.44

CaO 2 .5 2 1 .4 3 1 .0 8 1 .0 3 1 .4 3 1.46 1 .5 2
N&20 6 .3 7 6 .44 5 .2 1 6 .2 0 6 .7 5 7.48 7 .2 6
K gO 5 .1 1 3 .8 3 5 .5 5 3 .6 8 5 .04 5 .1 3 5 .9 2
H2O+ 1 .3 9 3 .5 9 2 .0 6 1 .8 2 1 .7 5 1 .6 1 1 .6 7

H g O - 0 .41 1 .8 6 1 .9 2 0 .4 3 1 .40 0 .6 8 0.84

P2O3 0 .2 1 0 .0 8 0 .04 0 .0 2 0 .0 2 0 .0 6 0 .03
C O g 0 .5 6 0 .2 6 1 .5 9 1 .1 7 - - -

TOTALS 100 .06 9 9 .5 8 100 .07 9 9 .8 3 100 .3 0 100.29 100.88

NORMS (CIPV/)

q 0 .2 1 1 .9 2 _ —

or 3 0 .2 4 2 2 .6 3 3 2 .8 0 3 3 .9 0 29 .7 9 3 0 .3 2 54 .99
ab 4 3 .6 7 3 4 .4 4 4 4 .0 8 3 4 .3 0 46.42 41 .74 33.04
an 2 .3 2 3 .41 4 .9 5 - - - -

ne 4 .44 - - - 1 .9 8 7 .5 6 9 .4 5
ac - - 1 .4 0 6 .20 6 .6 9 9 .6 5
d i 4 .44 1 .3 1 0 .1 2 - 6 .04 5 .9 3 6 .2 3

ny - 4 .84 1 .5 4 0 .3 4 - - -
o l 3 .3 3 - - l . l 4 1 .3 6 1.24 1 .6 3
mt 3 .9 8 3 .1 8 6 .3 1 3 .7 8 4 .2 6 3 .1 7 1 .9 5
hm - - 1 .2 9 1 .1 0 - - -

i l 2 .1 3 1 .3 3 1 .40 1 .0 8 1 .06 1 .22 1 .3 1
ap 0 .3 0 0 .1 9 0 .0 9 0 .0 3 0 .0 3 0.14 0 .12

HgO 1 .8 0 5 .4 3 3 .9 8 2 .2 7 3.14 2 .2 9 2 .3 5

TOTALS 9 8 .8 7 9 9 .0 1 98.48 9 9 .7 6 100 .30 100.28 9 9 .9 4
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TABLE 25: PHONOLITES - TUGEN HILLS GROUP

1/596 1/597 2 /323 2/314 2 /231 2 /211

SiO^ 55 .5 5 34 .8 8 3 5 .2 2 55 .3 5 5 5 .1 2 5 4 .7 2

TiOz 0 .57 0.46 0 .7 7 0 .3 8 0.48 0 .2 6

AlgO^ 1 9 .5 0 19 .8 9 21 .0 9 20 .76 19 .9 5 19 .27
FgrO^ 2 .6 3 2 .8 8 2 .0 2 2 .4 9 2 .4 3 5 .3 6

FeO 2 .8 3 2 .2 3 2 .1 9 1 .7 3 2 .4 0 0 .9 6

MnO 0 .3 1 0 .3 0 0 .2 6 0.24 0.24 0 .3 4

MgO 0 .3 2 0 .3 7 0.48 0 .3 7 0 .3 8 0 .3 4

CaO 0.99 1 .1 2 2 .2 1 1 .1 9 1 .2 6 1 .1 3
Na£0 6 .7 7 8 .6 3 9 .5 7 8 .9 8 7 .5 8 8 .2 8

K2 O 6 .6 0 6 .3 0 4 ,3 6 5 .9 4 6 .2 3 5 .64
H2O+ 3.57 2 .9 1 1.41 2 .2 0 2 .7 8 3 .0 9
H^O- 0 .3 0 0 .2 8 0 .2 3 0 .3 6 0 .3 8 0 .9 8

PpO^ 0 .0 3 0 .0 3 0 ,0 6 0 .1 0 0 .07 0 .0 2

CO2 1.04 - - - 0 .6 8 -

TOTALS 100 ,43 100 .74 100 .07 100.48 100 .22 100 .39

NORMS (C IP /)

or 3 9 .0 1 3 8 .4 2 26 .97 3 5 .1 3 3 6 .9 4 33 .3 6
ab 3 0 .8 7 19 .0 3 3 3 .4 7 2 6 .2 3 2 9 .4 9 34.64
an 3 .33 - 1 .0 8 - 1 .9 6 -
ne 1 4 .3 1 2 3 .5 0 2 3 .1 2 2 3 .5 2 18 .7 7 17 .8 3
ac - 6 .2 2 - 2 .0 3 - 2 .1 3
d i 1 .1 9 4 .4 3 4 .7 9 4 .86 3 .2 1 2 .9 8
wo - - 1 .2 3 - - 0 .6 1
o l 2 .42 1 .8 7 - 0 .1 7 1 .3 9 -
mt 3 .84 1 .0 6 2 .9 3 2 .5 9 3 .5 5 2 .3 8

i l 0 .7 0 0 .8 7 1 .48 1 .1 0 0 .9 1 0 .4 9

ap 0 .0 7 0 .1 2 0.14 0.24 0 .1 7 0 .0 3
H2O 3 .6 7 3 .1 9 1.64 2 .3 6 3 .1 6 4 .0 7

TOTALS 99.41 100 .73 9 8 .8 3 100 .43 9 9 .55 98 .34
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(c )  D if f e r e n t ia t io n  p ro cess

A n'average o l iv in e - b a s a l t '  was c a lc u la te d  fo r  th e  younger s u i te  u sing  

th e  chem ical sc ree n  o f I4anson ( I 967 ) .  The r e s u l t  i s  th e  average of e ig h t 

a n a ly se s , and in  ta b le  24 i s  shown to  be c lo s e ly  s im ila r  to  averages from 

th e  Rungwe, S c o t t is h  C arb o n ife ro u s , E ast Otago, H ebrides and Hawaii 

p ro v in c e s . Table 25 shows th e  r e s u l t  o f s u b tra c t io n  c a lc u la t io n s  to  

d e riv e  com position , and amount o f m a te r ia l  to  s u b t r a c t ,  from th e  average 

o l iv in e - b a s a l t  to  g ive  m ug earite , tra ch y m u g ea rite , t ra c h y te  and q u a r tz -  

t r a c h y te .  The r e s u l t in g  com position  i s  c lo se  to  th e  a c tu a l  com position o f 

a p i c r i t i c  b a s a l t  ( 2/ l 6 2 ) from th e  p re se n t a re a  and to  an ankaram ite  ( 8/ 81 ) 

c o l le c te d  by S.D , Weaver from T urkana, and c r y s ta l  f r a c t io n a t io n  seems to  

be a  rea so n a b le  e x p la n a tio n  f o r  th e  o r ig in  o f th e se  la v a s .

However, a s  i s  w e ll known, th e  volume o f f e l s i c  d i f f e r e n t i a t e s  in  th e  

E ast A frican  p rov ince  (and in  c o n tin e n ta l  p ro v in ces  g e n e ra lly )  i s  d is 

p ro p o r t io n a te ly  h ig h  compared to  th e  a l le g e d  b a s ic  p a re n ts .  W right ( 1963) 

in v e s t ig a te d  th e  p o s s i b i l i t y  o f a s s im ila t io n  o f s i a l i c  m a te r ia l  to  account 

fo r  th e  f e l s i c  la v a s , bu t concluded th a t  such a  p ro c e ss , a lthough  p o s s ib le , 

does no t n e a r ly  account fo r  th e  volumes o f p h o n o lite  and t r a c h y te .  B ailey  

( 1964) has su ggested  th a t  p a r t i a l  m e lting  o f m antle m a te r ia l  cou ld  account 

fo r  th e  s a l i c  la v a s  and backs th e  th e o ry  w ith  ex p erim en ta l d a ta  (B a iley  

and S c h a ire r  I 966 ) .  In  th e  w r i t e r 's  view, B a i le y 's  th e o ry  has a  t o t a l l y  

in ad eq u a te  e x p lan a tio n  fo r  th e  n e ce ssa ry  low ering  o f p re s su re  ( r a is in g  o f 

th e  'Kenya dome' by l a t e r a l  com pression) and does no t ta k e  in to  account 

th e  f a c t  th a t  b a s a l t i c  magma a lso  seem to  have been a v a ila b le  th roughout 

th e  h i s to r y  o f th e  p ro v in c e , s in c e  i t  i s  found in  sm all q u a n t i t ie s  in  th e  

p redom inating  p h o n o li t ic  and t r a c h y t ic  p i l e s  a s  w e ll a s  in  b a s a l t ic  

fo rm a tio n s . There i s  even evidence from th e  volcano Pakka o f b a s a l t  and 

t r a c h y te  being  e ru p ted  from th e  same v en t (S ce a l Ph.D. th e s i s  in  p re p a ra tio n )  

F in a l ly ,  H arkin ( 196O) invoked c a rb o n a ti te  in  th e  Rungwe p e tro g e n e s is . No
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c a r b o n a t i t ic  ro ck s  a re  known from th e  R i f t  in  n o rth  and c e n tr a l  Kenya and 

is o to p ic  d a te s  (B ishop e t  a l .  I 9 6 9 , Baker e t  a l .  in  p re s s )  show th a t  th e  

s tro n g ly  n e p h e lin ic  and c a r b o n a t i t ic  c e n tre s  o f w este rn  Kenya and Uganda 

a re  d i s t i n c t l y  o ld e r  th an  th e  p la te a u  p h o n o lite s  o f Kenya.

There i s  no a p r io r i  re a so n , as  Chayes ( I 963 ) p o in te d  o u t, to  invoke 

s i a l i c  c ru s t  to  e x p la in  th e  com position  o f th e  a lk a l i c  o l iv in e - b a s a l t /  

tr a c h y te  a s s o c ia t io n ,  s in c e  th a t  a s s o c ia t io n  a lso  o ccu rs  on oceanic 

i s la n d s .  Only th e  p ro p o r tio n s  a re  d i f f e r e n t .  The asymmetry o f th e  

frequency  h is tog ram  ( f i g .  3 8 ) does no t sug g est mixing of two se p a ra te  

magmas, b a s a l t i c  and f e l s i c .  The curve i s  s im ila r  in  both  oceanic  and 

c o n t in e n ta l  a s s o c ia t io n s  u n t i l  one c o n s id e rs  th e  sudden c o n tin e n ta l  f e l s i c  

peak, which i s  v i r t u a l l y  ab sen t in  th e  ocean ic  exam ples. I f  th e  c ru s t  

beneath  th e  R if t  has an average c o n t in e n ta l  th ic k n e ss  (which may be thrown 

in  some doubt by re c e n t g eo p h y sica l in v e s t ig a t io n s )  th en  th e  w r i te r  would 

su ggest th a t  th e  sim ple f a c t  o f s i a l i c  c r u s ta l  th ic k n e ss  may be a  f a c to r :  

i f  th e  c ru s t  i s  r id d le d  by magma chambers and ch an n e ls , i t  may a c t 

a s  a  g ig a n tic  s t i l l ,  in  which p ro g re s s iv e ly  l i g h t e r  and more f e l s i c  

d i f f e r e n t i a t i o n  p ro d u c ts  work t h e i r  to r tu o u s  wray to  th e  s u rfa c e , u n t i l  

f i n a l l y  only  th e  u l t im a te  p ro d u c ts  o f f r a c t io n a t io n  a re  e ru p ted  a t  th e  

s u r fa c e . B asa lt on ly  reach es  th e  su rfa c e  when ep iso d es  o f extreme lo c a l  

o r re g io n a l te n s io n  favour th e  fo rm ation  o f d e e p -p e n e tra tin g  dyke-swarms 

which ta p  th e  b a s a l t i c  source  n ear th e  c ru s t  -  upper m antle re g io n .

T his id e a  i s  g iven  some support by th e  a c tu a l  in t r u s iv e  bodies a t  

p re se n t exposed a t  th e  s u r fa c e :  a  f a i r l y  la rg e  number o f la rg e  p h o n o lite , 

m ic ro - fo y a ite , s y e n ite  and t r a c h y te  p lugs a re  known from th e  n o rth e rn  

R if t  (Jo u b e rt I 96 6 , McClenaghan o p .c i t . .  Weaver o p .c i t . ,  Golden p e rs .  

comm.) but v i r t u a l l y  th e  on ly  b a s ic  in t r u s iv e s  knov/n a re  dyke swarms 

and th in ,  and r a r e ,  d o le r i t e  s i l l s .
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TABLE 24: Average Baringo olivine-basalt compared tp

( 1 ) ( 2 ) (3) (4) (3) ( 6 )

SiO^ 4 6 .3 4 3 .2 4 7 .1 4 7 .1 4 6 .9 4 3 .4

TiO^ 2 .3 1 .9 2 .9 2 .3 2 .4 3 .0

Al20^ 1 6 .1 1 6 .3 1 3 ,8 14 .7 1 3 .4 14 .7

^®2^3 3 .5 4 .0 4 .0 3 .3 3 .9 4 .1
FeO 7 .5 8 .7 8 .3 9 .0 9 .8 9 .2
MnO 0 .2 0 .2 0 .2 0 .2 0 .3 0 .2
MgO 7 .4 7 .8 7 .4 8 .7 8 .4 7 .8
CaO 10 ,9 11 .2 9 .4 10 .2 9 .6 1 0 .3

Na^O 3 .1 2 .8 3 .1 3 .1 2 .3 1 .9
K2O 1 .1 1 .1 1 .3 0 .9 0 .6 0 .7

P2O3 0 .4 0 .7 0 .3 0 .3 0 .2 0 .4

(1) Average o f e ig h t o l iv in e - b a s a l t s  from th e  younger s u i t e ,  

B aringo .

(2) Rungwe (H ark in  ( 196O) p .132)

( 3 ) C arb on iferous o f S co tlan d  (Tom keieff 1937)*
(4) E as t Otago (Benson 1942)*

(3 ) H ebrides (B a ile y  e t  a l .  1924)$
( 6 ) Hawaii (Macdonald ( I 968) p .302)

* A n a ly sis  o b ta in ed  from Turner & Verhoogen ( 1960 ) p p . l68 & I 9 2 . 

t  A n a ly sis  o b ta in ed  from H arkin  ( I 96O) p .132 .



185
TABLE 25: C om positions o f sm a lle s t amounts o f m a te r ia l  to
be s u b tra c te d  from average BarinRO o l iv in e - b a s a l t  to  y ie ld

more f e l s i c  la v a s

( 1 ) ( 2 ) (3) (4) (5)

SiOg 4 4 .5 0 42.75 4 2 .9 0 4 3 .0 0 4 2 .7 0

TiO^ 1 .9 0 2 .6 0 2 .2 0 2 .5 0 2 .6 0

Al^O^ 1 5 .2 5 1 5 .6 0 1 5 .3 0 1 5 .8 0 1 6 .0 0

^®2^3 1 .4 0 3 .2 0 3 .4 5 3 .3 0 2 .8 5

FeO 9 .4 0 8 .1 5 9 .2 5 8 .4 0 9 .1 0

I-lnO 0 .3 0 0 .2 0 0 .2 5 0 .2 0 0 .25

MgO 1 1 .1 0 1 0 .7 0 9 .5 0 9 .4 0 9 .6 0

CaO 14.00 14.25 1 3 .6 0 1 3 .35 13 .8 0

Na2Û 1 .9 0 1 .7 5 2 .1 0 2 .1 0 2 .0 0

Amount
s u b tra c te d : 60^ 75^ 80^ 8590 85^

NORMS

ab 7 .3 6 .1 8 .4 1 0 .7 7 .3
an 3 3 .0 3 4 .7 3 2 .3 3 3 .6 3 4 .6

ne 4 .7 4 .7 5 .1 3 .8 5 .2

wo 1 5 .2 1 5 .1 1 5 .7 1 3 .6 14 .1

d i en 9 .6 1 0 .5 9 .4 9 .3 9 .2

f s 4 .7 3 .3 4 .3 3 .3 4 .0

o l fo 12 .8 11 .4 1 0 .1 1 0 .0 10 .4
fa 6 .8 3 .9 5 .1 3 .9 5 .0

rat 2 .0 4 .6 5 .0 4 .8 5 .0
i l 3 .6 4 .9 4 .2 4 .7 4 .9

(1 ) M a te r ia l s u b tra c te d  to  y ie ld  m ugearite  ( l /2 7 ? )
( 2 ) " " ” " trach y n iu g earite  (2 /125)

( 3 ) " *' " " trach y m u g earite  (1 /99)
(4) " " " " t ra c h y te  (2 /79 )

( 5 ) " ” " " q u a r tz - t r a c h y te  (2/133)
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(d) Summary

Evidence from th e  Kamasia su g g es ts  th a t  any p e tro g e n e tic  th e o ry  fo r  

th e  R if t  v o lc a n ic s  must t^alce in to  accoun t th e  fo llo w in g  s a l i e n t  f a c t s :

(1) There i s  a  d i s t i n c t  b im o d a lity  in  th e  frequency  o f ro c k -ty p e s , 

w ith  f e l s i c  ty p e s  exceeding b a s a l t s .  In te rm e d ia te  ro ck s  a re  p re sen t but 

s c a rc e .

( 2 ) B a s a lt ic  magma h as  been a v a i la b le  th roughou t th e  h i s to r y  of 

th e  p ro v in c e .

( 3 ) The most s ig n i f ic a n t  change in  com position  o f la v a s  w ith  tim e 

i s  n o t, as Baker e t  a l .  ( in  p re s s )  su g g es t, from b a s a l t ic  to  t r a c h y t ic ,  

but from s tro n g ly  u n d e rsa tu ra te d  to  s a tu r a te d  or o v e r -s a tu ra te d  w ith  

r e s p e c t to  s i l i c a .

(4 ) The above change i s  r e l a t i v e l y  sudden and, in  th e  Kamasia 

a t  l e a s t ,  c o in c id e s  w ith  a  m ajor ep isode o f R i f t  f a u l t in g ,  su g g es tin g  

a connec tion  between te c to n ism  and magma g e n e s is .

(3 ) The younger s u i t e  i s  alm ost in d is t in g u is h a b le  from s im ila r  

s u i te s  in  ocean ic  p ro v in ces  and can rea so n ab ly  be d e riv ed  from a b a s a l t ic  

p a re n t by a  c r y s t a l  f r a c t io n a t io n  p ro c e ss . The la rg e  volume o f t r a c h y te s  

i s ,  however, a  m ajor problem .

(6) There have n o t ,  y e t ,  been d e sc rib e d  any ro ck s  w ith  t h o l e i i t i c  

or c a lc - a lk a l in e  a f f i n i t i e s .  The ' r h y o l i t e s ’ and ’a n d é s i te s ' o f Turkana 

a re  in  f a c t  p a n t e l l e r i t e s , com endites and m u g earites  e t c .  (Walsh and 

Dodson 1969) .
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CONCLUSIONS

S in c e , as  Kiartyn ( 1969) a ls o  re c o rd s , th e  Kamasia Range exposes 

th e  th ic k e s t  and most com plete sequence known in  th e  l a t e r  T e r t ia ry  

o f Kenya i t  i s  su g g ested  th a t  many o b se rv a tio n s  in  t h i s  r e l a t i v e ly  

sm all a re a  may be o f g e n e ra l re le v an c e  to  th e  whole Kenya R i f t .

The th ic k  group I I  p h o n o lite  su ccess io n  im m ediately  su g g ests  

th a t  th e  source  o f th e se  la v a s  l i e s  w ith in  th e  r i f t  r a th e r  th an  in  

th e  main a re a  o f th e  p re se n t o u tc ro p  o f th e  r i f t  sh o u ld e rs . Is o to p ic  

age d e te rm in a tio n s  show th a t  th e  Kamasia sequence com prises phono- 

l i t e s  bo th  younger and o ld e r  th an  th o se  on th e  f la n k in g  p la te a u x .

The K aparaina B a s a lts  Form ation (group I I I )  em phasizes th a t  

th e re  were two m ajor ep iso d es  o f b a s a l t  e x tru s io n  in  th e  n o rth e rn  

r i f t ,  th e  e a r l i e r  group ( l )  being  o v e r la in  by th e  group I I  phono- 

l i t  es in  Turkana and on th e  Elgeyo and L a ik ip ia  escarpm ents, and th e  

l a t e r  group ( i l l )  o v e rly in g  th e  p h o n o li te s .  The two groups have 

a lre a d y  been confused  in  o th e r  a re a s  and id e n t i f i c a t i o n  i s  l i k e l y  to  

be d i f f i c u l t  a g a in  in  a re a s  where th e y  a re  c o -e x te n s iv e .

The f o s s i l i f e r o u s  sed im en tary  u n i t s  a re  p a la e o n to lo g ic a lly  very  

im p o rtan t in  th a t  th ey  span th e  form er P lio cen e  gap in  th e  f o s s i l  

v e r te b r a te  re c o rd  o f A fr ic a  sou th  o f th e  S ah ara . Furtherm ore th ey  

occur in  a  f u l l y  documented s t r a t ig r a p h ie  sequence w ith  c lo se  c o n tro l 

by is o to p ic  d a te s .

R adiom etric  d a tin g  o f a  sequence, th e  s t r a t ig r a p h y  o f which i s  

a lre a d y  e s ta b l is h e d  by mapping, has a ls o  allow ed a c r i t i c a l  a s s e s s 

ment o f th e  r e s u l t s  and p rov ided  an in d ic a t io n  o f th e  r a t e s  o f 

te c to n ism  and volcanism  in  th e  a re a .

The te c to n ic  c o n tro l  o f o b servab le  th ic k n e ss  v a r ia t io n s  in  th e  

Ngorora Form ation and th e  Muruywr Beds le a d s  th e  w r i te r  to  su sp ec t 

th a t  o th e r  sed im en tary  u n i t s ,  cropp ing  out a s  th in  in te r c a la t io n s
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in  t e c to n ic a l ly  ’high* a re a s ,  e .g .  th o se  in  th e  Sidekh P h o n o lite s , 

may be re p re se n te d  by much th ic k e r  sequences in  th e  te c to n ic  

b a s in s , now concealed  by l a t e r  accum ula tion . The t o t a l  th ic k n e ss  

o f th e  C ainozoic su cc e ss io n  in  t h i s  a re a  may th u s  be even g re a te r  

th an  th e  10,000 f e e t  (3 km.) dem onstrable minimum. T h is  has 

s ig n i f i c a n t  te c to n ic  im p lic a t io n s  (see  below ).

Even i f  th e  C ainozoic sequence t o t a l s  no more th an  3 kci. th e  

base o f th e  sequence must be d ep ressed  to  a maximum o f 6 ,000 fe e t  

(1 .8  km.) below sea  l e v e l  in  th e  Saimo a re a .  T his f ig u re  i s  com

p a ra b le  to  th e  maximum e le v a tio n  o f th e  sub-C ainozoic su rfa c e  o f

6 ,000 to  7 ,000  f e e t  above s e a - le v e l  on th e  Elgeyo Escarpment 

(o m ittin g  th e  C heringan i m ass if  which i s  a  much o ld e r  e ro s io n a l 

rem nant)•

The most rem arkable f e a tu re s  o f th e  f a u l t in g  in  th e  a re a  a re  

th e  f a u l t - a r c h e s  and ha lf-d o m es, which c le a r ly  in d ic a te  a  n o r th -  

sou th  com pressional component complementing, and p o s s ib ly  a  secondary 

r e s u l t  o f ,  th e  re g io n a l  e a s t-w e s t te n s io n a l  s t r e s s  f i e l d .  These 

f e a tu re s  may a ls o  be produced by a s l ig h t  t r a n s c u r re n t  f a u l t  movement 

but th e re  i s  no ev idence a t  a l l  fo r  s t r i k e - s l i p  movement on any of 

th e  f a u l t s .  E as t-w est s t r a t a l  ex ten s io n  i s  a ls o  m inim al, amounting 

to  l e s s  th an  0 .5  km. in  th e  map a re a .

The w este rn  l im i t s  o f minor f a u l t in g  and v o lc an ic  accum ulation 

have r e t r e a te d  eastw ards w ith  tim e but th e  m ajor f a u l t  system s 

(E lgeyo, Saimo and K ito  Pass f a u l t s )  have been in te r m i t te n t ly  a c t iv e  

from t h e i r  p ro b ab le  p re -v o lc a n ic  in c e p tio n  to  th e  Q uaternary . Had 

th e  l a t e s t  movement on th e  Elgeyo F a u lt  no t o ccu rred  th e  Kamasia 

f a u l t  system  would now appear to  be th e  w estern  m argin o f th e  r i f t ;  

i t  i s  no tew orthy  th a t  th e  average  r i f t  w id th  o f 45 km. i s  th e  

d is ta n c e  between th e  Kamasia and L a ik ip ia  escarpm ents and th a t  th e  

a re a  o f Q uaternary  g r id - f a u l t in g  and volcanism  i s ,  a t  t h i s  l a t i t u d e .
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median to  th o se  b o u n d a rie s . Thus, th e  r o le  o f w estern  r i f t -  

boundary has perhaps been t r a n s f e r r e d  from th e  Elgeyo to  th e  

Kamasia and i t  i s  th e  form er which i s  now anomalous.

As Martyn (o p .c i t . )  a lso  found, a lth o u g h  major f a u l t in g  

ep iso d es  have o ccu rred , th e re  have a lso  been freq u en t sm all move

ments on th e  l a r g e s t  f a u l t s .  The Kamasia Range has been a topo

g rap h ic  fe a tu re  s in c e  th e  f i r s t  m ajor f a u l t in g  ep isode (7 .O -

8 .0  m .y .) and may a t  tim es s in c e  th en  have approached i t s  p re sen t 

d im ensions. However, much o f th e  p re se n t r e l i e f  i s  due to  

Q u aternary  f a u l t  movement.

I t  h as  been p o s s ib le  to  dem onstrate  by q u a n t i ta t iv e  methods 

th e  form er p resen ce  o f lo c a l  e ro s io n  su r fa c e s  in  th e  e a s te rn  fo o t-  • 

h i l l s  o f th e  Kamasia, and i t  seems l i k e l y  th a t  much more in v e s

t i g a t io n  o f t h i s  s o r t  cou ld  be done in  a re a s  f re e  from Q uaternary  

v o lc a n ic s .  The p resence  o f la v a s  s u i ta b le  fo r  ra d io m e tric  d a tin g  

would g iv e  v a lu a b le  in fo rm a tio n  on r a t e s  o f e ro s io n , a t  p re sen t an 

alm ost com ple tely  unknown f a c to r  in  t h i s  a re a .

A lthough th e  su cc e ss io n  would seem to  in d ic a te  volcanism  of 

th e  * p la te a u  la v a ' ty p e  work in  a d ja c e n t a re a s  has shown th a t  in  

t h i s  re g io n  no sharp  d i s t in c t io n  can be made between 'c e n tra l*  and 

'p la te a u *  e ru p tio n s . For t h i s  reaso n  i t  has been suggested  th a t  

th e  group I I  p h o n o lite  sequence in  th e  Kamasia may re p re se n t th e  

f la n k  la v a s  o f la rg e  low -ang le  c e n t r a l  complexes now concealed  

benea th  th e  r i f t  c e n tr e .

A rem arkab le  f e a tu re  o f th e  group I I  p h o n o lite s  i s  th e  g re a t 

th ic k n e ss  o f in d iv id u a l  flow s, up to  8OO f e e t  (240 m.) in  th e  case 

o f th e  Sumet P h o n o li te .

W hile i t  i s  t r u e  th a t  th e  w estern  l im i t s  o f v o lcan ic  accumu

l a t i o n  have moved eastw ards w ith  tim e , r e s t r i c t e d  c h ie f ly  by 

te c to n ic  topography , th e re  i s  l i t t l e  evidence from t h i s  a re a  o f th e
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lo c a t io n  o f e x tru s iv e  so u rc e s .

Emphasis has been l a i d  on th e  d i s t i n c t  pe tro ch em ica l break  

which occurs a t  th e  unconform ity  marking th e  f i r s t  m ajor f a u l t in g  

ep iso d e , both  m afic and f e l s i c  la v a s  o f th e  younger s u i te  being 

more s i l i c i c  th a n  t h e i r  e q u iv a le n ts  in  th e  o ld e r  s u i t e ,  and on th e  

f a c t  th a t  th e re  a re  two com pletely  d i s t i n c t  ty p es  o f 'p h o n o li te ' 

in  th e  a re a , th e  more u n d e rsa tu ra te d  type  being  e n t i r e ly  confined  

to  th e  o ld e r  s u i t e .

From co m p o sitio n a l c o n s id e ra tio n s  i t  i s  f e a s ib le  to  d e riv e  

th e  in te rm e d ia te  and f e l s i c  ro ck s  o f th e  younger s u i te  from a  

b a s a l t i c  p a re n t by c r y s ta l  f r a c t io n a t io n ,  but in  both  s u i te s  th e  

v e ry  h ig h  p ro p o r tio n  o f f e l s i c  d i f f e r e n t i a t e s  rem ains a  major 

problem .
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P la te  6 Plow -ljaiiding in  Kainuiton P h o n o lite , 
Kaharsero gorge#

•-Tn:

P la te  7 Sumet meeas from th e  n o rth i



Plojre 8 i^ th m ic  u n it s  in  th e  Kgorora Form ation, member 
D , Kabarcero. C l i f f  fe a tu r e s  are th e  upper  
(pum iceous) p a r ts  o f  each u n i t .

P la te  9 . The Chepkesin g r i t  (to p  o f  th e  Ngorora Form ation) 
and IiuAiet (1 ab am et Trachyte capping Sumet 
P h o n o lite )  from theold  Chepkesin dukas.



P la te  10 Yatya -  K abam et Trachyte o v e r ly in g  deeply- 
w eathered Sumet P h o n o lite

P la te  11 Yatya -  co n ta c t between Kabarnet Trachyte 
(above) and Sumet P h o n o lite  (below)
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P la te  15 In th e  K ie i t e i  Gorge -  E aham et Trachyte

Y

P la te  16 P i s p i l i t y  in  th e  K aham et T rachyte, K ie i t e i  
Gorge
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P la te  21 Sp h ero id a l w eathering  in  lo k w a le ih it  b a s a l t s ,  
e a s t  o f  Nakipurat

P la te  22 i'he •Nginyang su r fa c e* , sou th  from Karmosit 
mesa, s ix  m ile s  north  o f  Kginyang



P la te  23 A n kara*ltlc  a n a X o lte -taava iite , Nereyan Foxnatlcm , 

Noroyaa, ahowiag a u g lte  and a lte r e d  o l iv in e  pheno« 

e ry a te  in  an  a n a lo ite« -r ich  gzoundaass* z -n ic h o ls  

X 20 spec* 2/233

P la te  24 I n a lo it e - ih a v a i it e ,  Horqyaa Form ation, Boroyan, ^ w i n g  

phenoorymte o f  a n d asin e , r e so r te d  k aersu td te  (dark) 

and a a g ite  in  a  f ln id a l  groandmaaa tegrture* P .P .L .

X 20  spec* 2/333



Xate 25 Oasay ne]ph#lino4m m iite #  Hooroyma F o r m tim #  iîoroyan, 
abovlng n epbelin e and a sd o a im  la t h s  in  a  u a tr ix  o f  
trovn  g iaoa* P .r .L . x  50 apeo. ^ 2 5 4

P la te  26 /n a le lte^ tx a ch y m u g ea r ite t I«oroyea Form ation, M ia e t ,

sh oe in g  e n d s s in a /o l ig o e le s e  phenoexyate la  a  traoh yto ld  

groimAaaaa o f  ^potaah-oU goclm ie and a n a lo ite #  P .P # i#  

% 20  epoo. Z 233



a  t e  2 7  OliTl n e -tB— l t ,  Kaparaiaa F e m a tlo n , E & tell H iv er , 
|hm riag o l i v i a e ,  a a g ite  aaA la tr a d o r lte  phenSexyste.
z -n io h o ls  X 10  3pcc* 2 /1 0

P la te  26 le ld a p erp h y r ie  t e s a l t ,  Kapexetiaa F ezsa tlem , tzr*

Chepodhom, ehoelqg la rg e  sœxed phenooiyots o f  la t r a d o r lte .  
x -n io h o la  x  10 epee* ^ 1 3 0



m

m

P l a t e  2 9  C O L l v in e - t a a & l t ,  K a p a r a i n a  F o r m t l o n ,  A d o z y a s a s ,  s h o v i n g  

p h e n o c r y e t s  o f  l a t r a d o r l t e  a n d  d a r k  r e d  p e e u d o m o r p h s
r iq h h

( t l a o k ,  t o p  a f t e r  o l i v i n e *  P . P . L .  x  2 0

s p e c *  2/32

P l a t e  3 0  l A i g e e r i t e ,  K a p a r a i n a  F o r m a t i o n ,  K a a s o r o r ,  s h o w i n g

a n o r t h o c l a s e  p h e n o a r y s t s  i n  a  f i n e - g r a i n e d  a n d e s i n e /  

o l i g o c l a s e  g r o u n d m a s s .  X H i i c h o l s  x  2 0  s p e c *  2 /1 2 3



i

P la te  31 F orp h yritic  o l iv in e • d o l e r i t e ,  Humoch S i l l ,  nr# T e g it ,  

sh ov in g  la tr a d o r ite  phenocrysts in  an o p h it ic  ground*» 

m ass. x -n ic h o la  x  10 apec* 2 /317

P la te  52 Z e o lit io  o l iv in e - d o le r i t e , Yepkarat S i l l ,  Y ^ k a r a t, 

shoving o p h it ic  t e x tu r e , w ith a n a lo it e  (dark grey , 

c e n tr e )  and n a t r o l i t e  (w h ite , top  r i ^ t ) .  x - n id io ls  
X 20 s p e c . 2/100



%

w m m

P la te  35  ̂I k a l i- t r a c h y t e , .ü b a m e t  Form ation, Mokhungo, shaving

san id in e  B lcrophenociys ts  In  a f lu id a l  grounâmass o f  

e a n id in e , a e g lr in e ,  arfved son iye  and a en ig m a tite . 

P .P .L . I  20 s p e c . 2/ 3A3

P la te  54 <haarta-trachyte, ICaparaina Format io n ,  M on yasas,

shoving an orth ocla se  phenocxysts in  a è^oundmaas o f  

a lk s l i - f e ld s p a r  and a e g ir ia e -a u g ite  w ith  s o a l l  quarts  

lacunae (r ig ^ t  c e n tr e ) .  x -n ic h o ls  x  20 sp e c , ^ 1 5 5



P la te  33 T rad syp h on o lite , Loyesarok T iaeh yp h on o llte , n orth em  

Leyanerok, sh ov in g  n ephelin e ntozDphenoozTsts in  a  

tra e h y to ld  groundmass. P .P .L . z20 sp ec . ^84

W:

rm
P la te  56 F h o n o llte , upper Sidekh P h o n o lite e , A t im e t, showing 

phenoorysts o f  c le a r  n e p h e lia e , an o rth o c la se  (low er 

l e f t  and r i g h t ) ,  h i o t i t e  and green  pyrozené (ce n tr e )  

P .P .L . X 20 sp e c . ^ 3 2 2



P la to  37 F h o n o lite , lo v e r  Sidekh P h o n o lite e ,  S id ek h , eh ov isg  

la rg e  a lte r e d  s e jh e l in e  phenoexyot. P .P .L . % 20 

sp e o . 2 /514

P la te  38 P h o D o lite , Sunot (E e a le l)  Phono 11 t e ,  Bsœtahea, ehaving  
sm all sa n id in e  and n ep h elin e  phen eorysta . T yp ica l 

•Kamasia type* tex tu r e  w ith  p o l k i l i t i o  a e g ± r in e -* u g ite ,  

a e n i^ a a tlte  and k a ta p h o r ite  in  th e  groundoaea. P .P .L . 

X 10 sp eo . 2 /271



P la te  59 Graded k a s a lt io  t u f f ,  Kaperyon Form ation, Chesoton, sh ov in g  

g la a s sh a rd s, p la g io c la s e  c r y s t a ls  and very  rare l i t h i c  

(b a sa i# ) fragments in  fin in g -u p vard s u n i t s ,  ^ loh secondary  

c a l c i t e .  P .P .L . % 10 s p e c . 2/ l 6l

*

P la te  4 0  Conglom erate, «gorora ïb ia a t ia n ,  Chepîœsin, shoving p ebb les  

of phonol i t e ,  trach yp h on o lite  and c a lc i f i e d  pum ice, w ith

sm aller  a lk s l i - f e ld s p a r  c r y s t a l - c la s t s  in  a z e o l i t i c  m a tr ix .
P .P .L . X 10 s p e c . 2/229


