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I - INTRODUCTION. 

The compilation of t h i s report was commenced as a 
spare time study while the writer was attached from the 
Gold Coast? Regiment, R.W.A.F.F., to various Water Supply-
Units of the East Africa Command as a Geologist and Geo-
physicist between February 1941 and February 1944. I t 
has been completed since his release from the Armed Forces 
to c i v i l employment. 

Numerous water supply investigations carried out 
by the writer i n Kenya, Northern Tanganyika, Southern 

e 

Abyssinia and B r i t i s h Somaliland convinced him that cer
ta i n additions to the earlier work on Kenya Water Supply 

-of Mr. H.L.Sikes,C.B.E. (Sikes 1934) could be made, arid 
some of his deductions amplified or modified i n the l i g h t 
of knowledge gained from the d r i l l i n g of many new bore
holes i n various parts of the Colony. 

I t i s hoped that t h i s work may be of some value at 
a time when a good deal of interest i s being expressed 
i n the p o s s i b i l i t i e s of closer white settlement of the 
Kenya Highlands as a<measure of post-war reconstruction 
land development. I n the most suitable climatic areas, 
closer settlement w i l l necessitate additional water suppl
ies for domestic and stock consumption. The majority of 
such additional supplies w i l l most probably have to be 
produced by boring, .and i n the body of t h i s paper results 
obtained i n the-past and probabilities for the future 

are 
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are indicated for the main areas of the Colony. 
Fot the two geological formations i n which.most bore

holes have been d r i l l e d ; the Basement Complex and the 
Kainozoic Volcanics, an attempt has been made to show 
probabilities both as to depth to water and relative yields 
at various depths. The method used i s similar to that 
used by Fromniirze for boreholes i n South Africa (Iromm-
urze 1937). This method consists of the pl o t t i n g of 
curves of the frequency with which water i s struck at 
any given depth and of the yields expressed -as percent
ages of the t o t a l output at that depth, against the depth.. 
Typical asymmetrical curves of the form 

dy _ y(x» a)" . dx ~ f ( x ) 
are thus produced, such as are used with irregularly var-
ying quantities. I t i s possible that the curves plotted 
for certain large areas of the Colony" w i l l have to be 
modified to a certain extent when more boreholes have bee*) 
d r i l l e d , but those for the more restricted areas l i k e the 
Machakos-Sultan Hamud area of the Basement Complex rocks 
and the Nairobi area of the Volcanics should remain more 
or less constants;. 

Provisional Water Table Sontour maps have als o been 
produced for the Nairobi area where a considerable mass 
of information i s available. The lack of a reliable con-
tour map of the area necessitated reliance on height read
ings with an aneroid barometer on the various borehole 
sites; thus minor flexures in-the subsurface contours 

due 



due to variations of surface topography are not shown on 
the maps, which must be regarded only as provisional 
frameworks. 

Analytical tables are also given for tha chief format
ions and l o c a l i t i e s . The card indexing of the results fro»«) 
a l l boreholes and the analytical work necessary for the 
preparation of the above mentioned tables, maps and^prob-
a b i l i t y curves has been done by the. writer. 

' During the progress of the work many of the boreholes 
have been vi s i t e d and the'general geological features of 

4. 

the areas studied. I t has also been possible to d£ermine 
from an examination o$ samples collected by d r i l l e r s of 
the more recent holes, many of which were sited by the 
writer, the nature of the strata passed through. For earl
i e r holes, the records have been snppihied by the Hydro-
logical Section of the Public Works Department of Kenya, 
whose assistance i n the investigation i s gratefully ac
knowledged. 

Increasing use has been made i n recent years i n Kenya 
of geophysical methods of prospecting for water,, usually 
by means of the Evershed and Vignoles Geophysical Megger. 
To the accurate interpretation of the results obtained 
from the use .or t h i s instrument, much of the success of 
the new d r i l l i n g may be attributed. By this time a con
siderable mass of information has been accumulated on the 
correlation of the Depth Resistivity Curves with their re
f l e c t i o n in the strata passed.through by boreholes d r i l l e d 

on 



7 
on the tested sites. I t is. now possible to decide, by 
the use' of such comparison curves, for different areas and. 
different geological conditions, the p o s s i b i l i t i e s of any 
particular site without recourse to the somewhat complic-
-ated mathematical interpretation of the curves. This saves 
mueh time i n the iShoice of sites i n the f i e l d . I t i s 
well, known ,however, that anomalies do occur i n these 
curves, and that they.are not i n f a l l i b l e and must be i n 
terpreted i n the l i g h t of accurate geological knowledge 
of xhe area under consideration; i n other words, the geo
physical investigations are merely an additional aid to 
the geologist i n the selection of the most suitable sites 
for drillin g - . I t i s not proposed to discuss the question 
of type curves' for Separate areas since this w i l l be of 
interest only to geologists and geophysicists working i n 
these areas and not applicable to water-supply problems 
as a whole. 

A t o t a l of 505 boreholes with an average depth of 
269 feet i s considered here, representing a l l records 
available up to October 1943. Many sunk since that date 
are not included here since completion reports were not to 
hand. Of the t o t a l holes sunk, 319 have been classed as 
successful, that i s , they have a tested yield of more tha«) 
90 gallons per hour (90 g.p.h.) or a theoretical safe yieU 
taken as ttao thirds of the tested yie l d , of 60 g.p.h. • 
This gives a percentage success for d r i l l i n g over the whoU 
Colony of 63.2 . The average depth of the successful holes 
was 285 feet, water being struck at an. average depth of 

205 



205 feet, under a hydrostatic head of 85 feet, thus 
bringing the average rest level to within 120 feet of the 
surface. The average tested yield, of a l l boreholes was 
1310 g.p.h., that is,»an aggregate tested y i e l d from a l l 
boreholes i n .the Colony of just over 10,000,000 gallons 
per day. Only 18 holes gave water which was too saline 
for use, while 168 boreholes gave less than 90 g.p.h. on 
test , taking a t o t a l of 186 boreholes classed as unsucc
essful, of which the average depth was 244 feet. 

Most of the boreholes were d r i l l e d by the Public 
V/orks Qepartment or by private d r i l l i n g companies 'for 
farmers and native communities, but since 1940 many have 
been sunk by the m i l i t a r y authorities. 

These results are considered i n de t a i l in' l a t e r sect-
tions of the paper according to the i r distribution i n the 
main geological formations , and also, where possible, i n 
more restricted areas within these formations. 

I I - GENERAL GEOLOGICAL AI'TD PHYSIOGRAPTTCAL FEATURES. 

The rocks of Kenya range in age from the pre-Cambriat? 
Basement Complex to Recent deposits i n the form of wind
blown sands, lake-shore deposits, alluvium and soils, and 
include representatives of most of the recognised geol
ogical systems, with the exception of rocks of Palaeozoic 
age. The Basement Complex and the Kainozoic Volcanics 
are the most widely exposed, covering i n the aggregate 
about two thirds of the area of the Colony. The Jurassic 

and 
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and Miocene (?) also have a relatively wide d i s t r i b u t i o n , 
while the other systems represented, ranging i n age from' 
Permian to Recent, are mainly restricted to a belt of 
country some 60 miles wide running parallel to the coast 
and imrnddiately behind i t . 

The outcrop of the various geological formations is 
shown on the 1;2,000,000 map, which i s a reduction from 
the"1:1,000,000 Provisional Geological Map of Kenya", 
compiled by the writer i n 1941 and reproduced by the ICast 
African Survey Group, East African Command. Descript
ions of the formations are given i n later sections of 
this paper. -

• Sikes (1934) has likened the Colony physiografahically 
to "a f l a t arch vdth i t s spring'ings at different levels 
and i t s crown f i t t e d with a sort of -elevated gutter runn
ing longitudinally". The elevated gutter represents the 
Kenya section of the R i f t Valley, the flanks of which, 
varying i n general elevation from 6,000 to 13,000 feet, 
together with the lower slopes of Mt. Kenya (17,040 feet), 
form the well-known Kenya Highlands, one of the most 
suitable areas for white settlement i n tropical Africa. 

The R i f t Valley is' the outstanding topographic feat^ 
ure of Kenya and i s a small part of the system of troughs 
which .extends through some 50® of latitude from Palestine 
to the Zambezi. The evidence indicates that the r i f t 
system i s eseantially one gigantic structural feature. 

The Kenya section of the R i f t Valley averages some 
45 
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45 miles i n width and has a roughly north-south direction 
Within it s ' boundaries occurs a wide range of geological 
and physiographical features, while naturally,over such 
a large .area., ciimatological factors vary within wide 
l i m i t s . The flanks of the R i f t Valley are usually t i l t e d 
away from the margins of the main depression and hence 
give rise to predominantly exterior drainage conditions. 
The valley floor i s s p l i t by a series of minor "en echel
on " faults which break i t up into a number of miniature 
r i f t valleys with narrow parallel blocks between. This 
type of structure is well" seen from the top of the Kik-
uyu scarp, looking westwards towards tne extinct volcano 
of Susv/a. 

The landscape of the R i f t Valley i s characterised by 
enormous masses osff eruptive material, the earliest vol
canics being soda-rich types probably extruded from f i s s 
ures. Most observers are of the opinion that the fa u l t i n g 
•©as i n i t i a t e d at the same time as the fissure eruptions, 
but that i t continued for long after the fissure eruptions 
had ceased. The fissure eruptions-were followed by more 
violent localised eruptions which formed great thicknesses 
of beaded ashes, t u f f s and agglomerates. 

Lake sediments, deposited i n tne formerly much more 
extensive lake system or the R i f t Valley, are intercalated 
i n many places with volcanic rocks,, while Becent lake 
deposits also cover f a i r l y large areas of the R i r t Valley 
fl o o r . 

Topographic 
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Topographic features of importance other than the 

great dome of the Highlands and the R i f t Valley, are Mt. 
Ilarsabit, The Mathews Range, Mt. Kenya, the Huri H i l l s • 
etc., and the widespread plains of the Northern Frontier 
D i s t r i c t , the lava plains of Athi and Kapifl and the. low-
lying, gently undulating country underlain by Basement 
Complex rocks, which stretches westwards from the 60 
miles wide coastal belt to the lower slopes of the Kenya 
Highlands. 

The pre-Kavirondian volcanics and the overlying meta
morphosed Kavirondian sediments with granitic intrusions, 
extensively developed on the west side of the Colony alonj 
the eastern shores of Lake Victoria, are not described in 
this paper since no boreholes have been sunk i n them.,' 

'EEL- GSN5RAL HYDROLOGICAL CONDITIONS. 
I n the greater part of the Colony there are two sep

arate and dist i n c t rainy seasons, the "long" rains from 
the end of March to about the end of June and the "short"' 
rains .for about six weeks between October and December. 
The mean annual r a i n f a l l varied i n different l o c a l i t i e s 
from less than 10 inches i n parts of the Northern Front
ier D i s t r i c t , to over 70 inches i n the plateau country 
i n the"Lake Victoria rain belt. The settled areas of the 
Colony a l l average 25 inches<•or more per annum. 

In the coastal belt the r a i n f a l l varies from 50 to 
60 inches i n the south to about 20 inches i n the north 

towards 
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towards the old Kenya-Italian Somaliland f r o n t i e r , i t 
also decreases inland from the coast and produces the ari& 
plains, with a mean annual r a i n f a l l of 20 inches or there
abouts, which- occur between the coastal belt and the 
Highlands. As the Highlands are approached, the r a i n f a l l 
increases, gradually from 35 inches, as in the Nairobi 
area, to 60 inches at Molo,and, where i n addition to the 
monsoonal rains, the influence of the Lake Victoria rain 
belt is f e l t , many places have a mean annual r a i n f a l l i n 
excess of 70 inches. A break i n the general increase 
from east to west occurs in the R i f t Valley, i n which, i n 
general, the r a i n f a l l i s only about §0 inches per annum. * 
Parts of the N>.D., for example , the Wajir and Mandara . 
d i s t r i c t s , receive just less than 10 inches per annum, 
while Lodwar receives only about 6 inches, the lowest 
recorded average for any station in the Colony. 

From the foregoing i t would appear that the settled 
parts of the Colony on the whole are well watered, but 
the r a i n f a l l i s unfortunately very uncertain both i n 
amount and seasonal" incidence. Uniform conditions are 
maintained to a large extent over the low-lying coastal 
belt and the plains behind, but i n the Highlands r a i n f a l l 
shows great local variations. 

The- surface drainage of the Colony may- be convenient' 
l y divided into three main systems- (a) that draining 
eastwards to the Indian Ocean, (b) that draining westwards 
to Lake Victoria, and (c) the internal drainage of the 

R i f t 
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R i f t Valley.. 

The most str i k i n g feature of (a) i s that only two 
perennial rivers reach the Indian Ocean, The Tana and 
the Sabaki. Many other large streams have their origin i n 
the volcanic Highlands but on reaching the plains mainly 
composed of Basement Complex rocks, their dry season flow 
is rapidly reduced , and, i n most cases, soon disappears 
entirely. The streams of the westerly drainage system, 
which drainaan area of higher r a i n f a l l than the easterly 
one, do not diminish in volume as they pass from the High-' 
lands towards their outlet in Lake Victoria. The Basement 
Complex rocks.of t h i s area y i e l d more readily to weather
ing and the heavy s o i l mantle forms an .excellent reser
voir which supplements the dry season flow of the streams. 
Thas area i s so well watered oh the whole that very few 
boreholes have been necessary. The R i f t Valley drainage 
system i s entirely internal i n that no stream entering i t 
leaves i t again at the surface, nor do any of the great 
lakes within i t discharge outside i t . Sikes calculated 
that 94% of the t o t a l r a i n f a l l offthe R i f t Valley must be 
accounted for by evaporation from.temporary pools, c a p i l l 
ary movement through the s o i l , transpiration by vegetation 
and absorption. Of these factors the- last i s no doubt the 
most impojjtant, and, as w i l l be shown later, the percolat' 
ing water must go down to great depths over most of the 
R i f t Valley floor. 

Springs are not on the whole of great importance i n 
Kenya 
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Kenya except i n the volcanics, from which issue several 
of considerable magnitude, which are the sources of some 
of the major rivers of the Colony and their t r i b u t a r i e s . 
Hot springs and heavily mineralised springs are common i n 
certain parts of the R i f t Valley, the outstanding examples 
of the'latter being found i n the Lake Magadi l o c a l i t y . 
Steam jets are also common, particularly i n the Eburru 
l o c a l i t y near Lake Slmenteita, where I n places the steam 
is condensed and the water used for human and stock con
sumption. 

IV- DESCRIPTION 0? FORMATIONS. 
(a) THE 3ASEMENT COMPLEX. 

I n Kenya roughly one t h i r d of the surface area i s 
occupied by rocks of the Basement Complex. Prom the Aby
ssinian border i n the Moyale neighbourhood they extend i n 
a belt varying i n width roughly from 100 miles i n the 
north to 70 miles i n the south, to a position just short 
of halfway between Buna and Wajir, where they disappear 
beneath the Merti Beds. This area of Basement Complex 
rocks i s bounded to the east by the Jurassics and to the 
nest by the volcanics of the Dida Gulgalla. 

The largest continuous outcrop of these rocks,form- 1 

ing roughly the central portion of Kenya i n a belt running 
approximately north and south, i s again bounded to the 
west by volcanics. Erom the southern end of Lake Rudolf, 
the western boundary runs roughly south to the neighbour

hood of 
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hood of Rumuruti, where the belt narrows due to the east
ward extension of the lavas. The boundary then swings i n 
an arc* down to the Nanyuki l o c a l i t y and thence i n a north
easterly direction to the Isiolo area. From here i t runs 
northwards to just south of Archerfe Post, where i t swings 
of f to the east and then crosses the Isiolo-Wajir road a 
few miles west of Garba Tulla. From here i t s boundary with 
the volcanics is highly sinuous, but with a roughly south-1 

westerly trend , down'to the Tanganyika border. To the' 
east the- rocks disappear beneath the I.Terti Beds, the boun
dary being roughly north and south. From about latitude 
3° s. the eastern boundary i s against the overlying Dur-
uma Sandstone and crosses the K.U.R. Nairobi-Mombasa line 
i n the neighbourhood of Mackinnon Road, paesing southward 
from here to the Tanganyika border. 

Lying on this main mass of Basement rocks are many 
smaller areas of volcanics. I n some cases these are merely 
th i n cappings on small prominences, as for example i n the 
area bordering the Laisamis-Marsabit road. I n other places 
for instance the Chulyu H i l l s , large masses of - volcanics 
have been b u i l t up on the Basement Complex rocks, forming 
prominent .topographical features. 

The width of this main body of Basement rocks varies 
from about 110 miles i n the north to just over 20 miles 
i n the Garba Tulla area and then gradually widens again 
to some-200 miles at the Tanganyika border. The l a t t e r 
width i s over-all and includes the isolated patches of 
volcanics overlying the Basement rocks. 
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A t h i r d extensive area" of Basement rocks i s located 

along the west side of the Colony, with i t s eastern bound
ary against the volcanics. From a water-boring point of 
view t h i s area has so f a r been unimpofctant since very few 
boreholes have been sunk i n i t . Many- i n l i e r s of the ancier»l 
rocks also appear among the' overlying lavas i n various 
parts of the Colony. _ 

The Basement rocks comprise a varied series of meta
morphosed igneous and sedimentary types, the most charact
e r i s t i c of which i s probably a gneiss composed mainly o f 
microcline and quartz (Gregory 1921). Associated 
w i t h t h i s are biotite-and muscovite-gneisses and occasion
a l l y a horneblendic type.. 

The Turoka Series (Parkinson 1913) i s a sub-divis
ion of the Basement Complex, the name being given to a 
series of altered sediments, now represented by'granulit-
i c quartzite, c r y s t a l l i n e and flaggy limestone, graphit
i c - s c h i s t , kyanite-schist, b i o t i t e - s c h i s t eta, which are 
c h a r a c t e r i s t i c a l l y developed i n the neighbourhood of the 
Turoka River i n the Magadi area. 

The Turoka Series is. now known to have a very wide 
d i s t r i b u t i o n i i f the Colony. Glenday and Parkinson (1926) 
note that there is. also a series of metamorphosed sedim
ents i n the Suk H i l l s area, known as t i n Maripu Series, 
with contemporaneous ashes .(the Marich Schists), thought 
to have been intruded by a'magma o r i g i n a l l y having the 

approximate 
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approximate composition of a syenite, but now forming 
quartz -ho rneblende schists. These rocks are associated 
with massive g r a n i t o i d gneisses which make up such prom
inent h i l l s as Qingeret, Maral and Latertum. Parkinson 
and Glenday point out that the metamorphosed sediments 
resemble the Turoka Series so closely i n p e t r o l o g i c a l 
character, that although the nearest d e f i n i t e l y kno^n 
occurrence of the l a t t e r series i s south of Marsabit, 

. some 200 miles away t o the east, there can be l i t t l e doubt 
of t h e i r general contemporaneity. I f t h i s c o r r e l a t i o n i s 
v a l i d , then these metamorphosed sediments are d i s t r i b u t e d 
over a b e l t of country some 700 miles i n length by 250 
miles i n width. Similar rock types have also bean report-

i 
edby Parkinson- from the Buna area of the N.F.D. of Kenya. 

Quartz veins intrude the Basement rocks at various 
places, but so f a r very l i t t l e mineralisation has been 
found i n association with them. Pegmatite veins are every
where common and i n some cases a t t a i n widths of up to 900 
fe e t , as i n the area j u s t south of Laisamis. Very l i t t l e 
accessory mineralisation appears to be associated with the 

i 

pegmatites except where they are in t r u s i v e i n t o schists, 
but i n some such areas, Roberts,of the 42nd.Geological 
and Geophysical Section, S.A.E.C., has found garnets, up-
to one inch i n diameter and hornblendes and tourmalines 
up t o three inches i n length. Other accsessories,sometimes 
developed i n f a i r l y large amount i n favourable l o c a l i t i e s , 
are b i o t i t e and muscoVite..Attempts at mining the mica 
have been made i n various parts of the Colony, but so f a r 
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with only very l i m i t e d success. 

Roberts, i n an unpublished report, gives the fellow
's 

ing l i s t of rock types noted by h i s party i n the•Basement 
Complex of the northern part of the'Colony:-

Quartzite 
Garnet-granulate 
Biotite-para-gneiss 
Biotite-ortho-gneiss with much quartz and felspar 
B i o t i t e - s c h i s t 
Amphibolite 
Hornblende-gnaiss and schist 
Garnet-biotite-schist 
Gsr net-hornblende-schist 
Garnet-hornblende-biotite-schist 
Calcite-tremolite stringers of unknovm sedimentary 

or igneous o r i g i n 
Talc rock 
Pegmatite veins(rarely carrying 2rinch muscovite) 
Quartz-tourmaline and quartz veins 
Coarse-grained"granite" with 2-inch idiomorphic 

crystals of orthoclase 
• Several u n i d e n t i f i e d hybrid rocks where intru s i v e s 

have mixed with the.surrounding country rocks, 
and states that " the biotite-gneisses.. are the 
predominant types, through which run the various schist 
bands which are exposed on the-West Suk Plain More 

• detailed work w i l l probably prove the existence of at 
least two ages of sediments, followed by g r a n i t i c i n t r u s 
ions. A l l the ancient sediments have been folded and conr-
t o r t e d along a general north-south axis and into 
t h i s altered mass has been injected! the younger granites 
and i t s offshhots, the. quartz and pegmatite veins." 

The more elevated areas of Basement Complex rocks 
are c h i e f l y made up of high l y r e s i s t a n t g r a n i t i c gneisses 
i n sharp contrast to the low-lying, gently undulating 
country associated with the more easily eroded- siliceous 
b i o t i t e - s c h i s t and gneiss. Examples of inselbexg type • 

of 
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of scenery,produced where the granite-gneiss, i s surround
ed by the more easily eroded schists,may be seen at Hgom-
ei i i near the Thika-Garissa road, between Archer's Post 
and Laisamis, near Kacheliba i n the West Suk, at Loriguma 
and i n many other l o c a l i t i e s . I n these d i s t r i c t s the i n -
selbergs are only a few hundred fe e t above the old pene
p l a i n . Examples of old mountain ranges also generally of 
gr a n i t o i d gneiss are to be fouhfl i n the Ndoto-Matthews 
Range west of Laisamis, and on the Cherengani-Moroto-
Muruanisigar Ranges between Ki t a l e and Lodwar. The h i l l y 
broken country around Mwingi on the Thika-Garissa road 
appears to be a deeply-dissected peneplain on these massive 
c r y s t a l l i n e rocks. -

The characteristic surface features of areas underlain 
by Basement Complex rocks i n Kenya, especially i n the.. 
N.F.D., are wide-spread plains with a sandy s o i l which 
quickly loses i t s water during the dry sea.son. I n areas 
of low r a i n f a l l the vegetation consists of'scattered 
t u f t s of dry and parched herbage i n the dry season, and 
such drought-resisting trees as the spiny acacia and: cand-
alabra euphorbia. I n the more humid areas, however, good 
a g r i c u l t u r a l land i s found, as i n the Machakos area, the 
Cherengani area north of K i t a l e and elsewhere. 

From a water-bearing point of vvsvr, the c r y s t a l l i n e 
rocks of the- Basement Complex are of great importance x± 
since they are found over extensive areas and can usually 

be 
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be r e l i e d upon to give steady, though possibly small,supp
l i e s of water. The more coarsely c r y s t a l l i n e members,such 
as granites, are usually poor water-yielders and at any 
considerable depth are iinugene-r.al completely devoid of 
water. Boreholes i n g r a n i t i c rocks mainly r e l y on s t r i k 
ing well-developed j o i n t s f o r t h e i r supplies. Such supp
l i e s are not often large, but exceptions to t h i s have 
been noted. The j o i n t s are usually very i r r e g u l a r i b size, 
d i r e c t i o n and d i s t r i b u t i o n , t h i s being p a r t i c u l a r l y the 
case with v e r t i c a l and h i g h l y - i n c l i n e d j o i n t s , the h o r i z 
ontal j o i n t s being .generally s l i g h t l y more regular. For 
t h i s reason supplies from boreholes i n close proximity to 
each other may vary considerably. The j o i n t s and cracks 
tend to become t i g h t e r and fewer with increasing depth 
and y i e l d s . w i l l normally be found to decrease.accordingly. 
This i s borne out by a study of the p r o b a b i l i t y curves 
f o r the Basement Complex of Kenya (Plate I ) , a f u l l e r 
discussion of which i s given l a t e r . 

Schists do not usually have such well-developed cracks 
and j o i n t s as the gneissic and g r a n i t i c rocks and those 
which do occur are usually .closed at a shallower depth. 
The f i n d i n g of water i n any quantity i n such rocks dep
ends on s t r i k i n g a decomposed or softer layer of coarser 
grain than usual below the water table. Where smch oecurs 
i t i s generally a bed of siliceous b i o t i t e - s c h i s t . This 
has a considerable d i s t r i b u t i o n i n the Colony as part r of 
the Turoka Series and i s usually w e l l decomposed and open-

grained 
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i 

grained t o considerable depths. 
When choosing borehole sites i n the Basement Complex 

i t i s wise' to make use, where possible, of drainage l i n e s 
leading from large catchments. Depth of decomposition i s 
also of great importance, since water i s more l i k e l y to 
be stored i n decomposed material than i n the more compact 
unweafthered zone' below, which carries i t s water, i f any, 
in. cracks and j o i n t planes. One of the most useful and 
simple methods of determining' the depth of decomposition 
i s by use of the geophysical "Megger". This instrument 
also has i t s uses i n determining the depth of any softer 
layers, such as bif c t i t e - s c h i s t s etc., intercalated with 
the harder rock.types. Bisset (1941) makes the i n t e r e s t i n g 
point that i n g r a n i t i c gneiss,tdecoraposition of the f e l 
spars may r e s u l t i n the formation of enough k a o l i n to e f f -

adequate 
e c t i v e l y prevent/recharge of any reservoir which exists 
below the weathered zone, by c u t t i n g down the i n f i l t r a t 
ion of rainwater and also increasing the run-off. 

. BOREHOLE RESULTS IN THE BASEMENT COMPLEX. 
An examination of a l l available records of boreholes 

d r i l l e d i n the Basement Complex of Kenya shows tha t out 
of a t o t a l of 160 holes d r i l l e d , 109 or 68.1% were succ
essful. The average depth was 229 f e e t , while that of the 
successful holes was 236 fee t , water being struck at an 
average depth of 139 f e e t , r i s i n g under pressure to w i t h i n 
82 feet of the surface', i . e . under and average hydrostatic 

head ' 
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head of 57 f e e t . The average testeed y i e l d of amDorehole 
was 1,000 g.p.h. The attached tabular representation of 
the r e s u l t s (Table I ) analyses the depth at which water 
was obtained and the y i e l d at various depths. I t i s i n 
t e r e s t i n g to-note t h a t a high proportion of the holes 
struck water at a depth of less than 100 f£et (12 holes 
between'0 and 50 feet averaged 1,287 g.p.h. and 30 holes 
between 50 and 100 feet averaged 1,200 g.p.h.). 47 holes 
struck water - at between 100 and 200 feet and averaged 
787 g.p.h. only. The number- of holes s t r i k i n g water below 
200 feet was small (20 only) and these•averaged 990 g.p.h. 
with a maximum y i e l d from .one of the holes of 2,900 g.p.h. 
•No boreholesreached water at a greater depth than 390 
fe e t . 

These results have also been shown graphically-as 
p r o b a b i l i t y curves. A study of these curves (Plate I ) 
suggests that the chances of obtaining water at depths . 
greater than 270 feet, are not great enough to warrant 
d r i l l i n g to greater depths unless geological and geophy
s i c a l indications are exceptionally favourable. Anomalies 
may have been produced i n these curves because of the 
small number of resul t s available f o r use, a f a c t o r which 
gives too much prominence' to the deeper holes. Only 6.4% 
of the t o t a l number of successful holes gave water below 
270 feet and these produce 7.6% of the t o t a l y i e l d . 

pnly 4 boreholes i n these rocks struck water i n any 
quantity which was too saline f o r use. Two others struck 

very 
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very small amounts (20 to 30 g.p.h.) and are not consider
ed here. These saline holes averaged 373 fe e t h i n depth, 
an average y i e l d of 1,150 g.p.h. being obtained at 173 
fee t , r i s i n g under pressure to w i t h i n 150 fe e t of the 
surface. 

BOREHOLES- TN THE BASBHEHT COMPLEX OF THE MACHAKOS-SULfAft 
HAMUD AREA. 

This area has been treated separately i n the tables 
because a higher percentage success has been obtained 
here than i n any other area- of Basement Complex rocks i n 
the Colony, and also because more, boreholes -have been 
sunk than i n any other l i m i t e d area of Basement Complex 
rocks. 

The boreholes were d r i l l e d , i n both the Turoka Series 
(metamorhhosed sediments)and the g r a n i t o i d gneisses, but 
unfortunately there i s i n s u f f i c i e n t evidence available to 
make possible a comparison in. the y i e l d s and depths to 
water i n the two di s t i n c t . r o c k groups. 

I n a l l , 72 boreholes have been d r i l l e d i n t h i s area, 
of which SI were successful, a percentage success of 70.8 . 
The average depth 4>iff a l l holes was 233 f e e t , with that of 
the successful holes 243 f e e t . The average depth to water 
was 146 fe e t , a tested y i e l d of 990 g.p.h. being obtained 
under an average hydrostatic head of 54 fe e t . 

Table I I shows t h a t only three of the successful 
holes struck water below 250 feet and these averaged ohly 
510 g.p.h., the highest yi e l d s being obtained from holes 

s t r i k i n g 
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s t r i k i n g water at depths of between 50 and 100 f e e t . The 
result's .are excellently i l l u s t r a t e d i n the p r o b a b i l i t y 
curves (Plate 1%) which show that boring i n t h i s area to' 
depths of morevthan 210 feet w i l l - b e highly speculative. . 
Most of the water occurs above 200 fe e t with high prop
ortions of successful holes, at 90 and 150 f e e t . Progress
ive tightening of j o i n t s wath^de^thsis.-.also indicated by 
the lower average y i e l d as depth to water increases. No 
boreholes i n t h i s area yielded water which was too s a l 
ine f o r use. 

A f u r t h e r a n a l y t i c a l table (Table I I I ) and probabil-
c. 

i t y curves(Plate IJ?S) are given f o r boreholes i n the Base» 
ment Complex outside the Machakos-Sultan Hamud area. The 
value of the l a t t e r however, i s doubtful, as they are 
scattend over an immense t r a c t of country. The curves do 
however, exhi b i t s i m i l a r tendencies to those of Plates l a . 
and Hboin tha t they show maxima at 60 fe e t v e r t i c a l i n t e r 
vals, i n t h i s case at 50, 110 and 170 f e e t , with a small
er peak at 210 f e e t . Very few boreholes struck water 
below 210 feet and, as i s the case f o r the resu l t s over 

, the whole of the Colony, the small number available may 
have produced anomalies i n the curves. 

IV ( b ) — THE DURUMA SANDSTONE SERIES. 
I n the area behind the coast from the Tanganyika bor

der to some distance north of Mambrui i s exposed a series 
of grits,sandstones,flagstones and sandy shales of t e r r 
e s t r i a l and lacustrine o r i g i n , named by Reichenbach (1896) 
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the Duruma Sandstone Series. They occur i n & b e l t , rough
l y p a r a l l e l to the coast, some 35 miles i n width and r i s -

't elevation 
ingjto a maximum/of some 1700 feet, above sea l e v e l . They 
d i r e c t l y overlie the gneisses and schists of the Basement 
Complex to the west and are themselves overlain by J u r 
assic shales and limestones, or by Magarini Sands and 
coastal sands and corals to the east. To the north they 
disappear beneath the so-called' Merti Beds which i n t h i s 
area are now also thought to be of Jurassic age. 

Gregory (1921) c l a s s i f i e d the series as follows, the 
youngest beds being at the top of the table:-

• (a) The Shimba G r i t s - coarse quartzo-felspathic gritjs 
w ith micaceous bands,layers of quartz conglomer
ate and beds of ferruginous sandstone. Wind-pol
ished facetted pebbles suggest desert o r i g i n . 

(b) Mazeras Sandstone- coarse felspathic g r i t s isfe&r-
bedded .with; red, b u f f and white sandy*shale s, 
ripple-marked white sandstones interbedded with 
"thick shales and cross-bedded sandstones. 

(c) Mariakani Sandstones- flaggy fine-grained compact 
white sandstones, - grey and yellow sandstones. 

(d) Maji ya Chumvi Bedsr- hard shales and olive-green 
sandstones'with bands of j o i n t e d sandstones. 

• • (e) Taru G r i t s - coarse quartzo-felspathic g r i t s • 
interbedded with hard .black shales; pebbles and 
sand grains derived from gneiss. 

.The Series ranges i n age from the Permian Taru Grits 
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the Triassic Shimba G r i t s , and has not so f a r proved to• 
be such an important water bearer as have si m i l a r arr'en-
aceous successions i n other parts of the world, though 
i t has not yet been intensively d r i l l e d . 

Sixteen boreholes have been sunk i n the Series,, of 
which 13 have given supplies of potable water. Ten of the 
holes are i n the Mariakani Sandstones and three of these, 
•according to Si&kes, probably entered the Maji ya Chumvi 
Beds. Borehole No.103 at Samburu started i n the Maji .ya 
Chumvi Beds and probably passed down i n t o the Taru Grits . 
while four other holes were d r i l l e d f o r the vhole of t h e i r 
depth i n the Maji ya Chumvi Beds. The Mazeras Sandstones . 
have not yet been explored by. d r i l l i n g , but since springs 
issuing from them are fresh, i t i s l i k e l y that good supp
l i e s of potable water would be obtained from them. 

Four boreholes, 2 i n the Mariakani Sandstones and 2 
i n the Maji ya Chumvi Beds, struck large supplies of high
l y saTine water at shallow depth, but by casing and grout
ing o f f these supplies and going deeper, good supplies of 
only s l i g h t l y saline water were obtained. One of these, 
holes, M/38, 7.4 miles from Mariakani Station,gave a 
small artesian supply (228 g.p.h.) of water which was at 
f i r s t charged with methane, but t h i s gas l a t e r disappear
ed. Six boreholes sunk some years ago, which produced 
s l i g h t l y saline water at f i r s t , have now become highly . 
saline. The reason f o r t h i s has not yet been explained. 
I t may be tha t there i s p o l l u t i o n -of the lower water by 
more saline' water from higher levels, or i t may be due to 

over-pumping 



» • A27. 
over-pumping, w i t h consequent exhaustion of the fresh 
water layer l y i n g above more saline water. 

The average t o t a l y i e l d of the 13 siicessful holes • 
was 1,300 g.p.h. from a depth of 231 f e e t , the res t l e v e l , 
being 58 f e e t . The average t o t a l depth of the holes was 
305 f e e t . 

IV ( c ) - TK5- JURASSIC ROCKS. 
Two main areas of Jurassic rocks are known i n Kenya, 

one more or less p a r a l l e l to the coast and overlying the 
Duruma Sandstone Series, and the other, which i s of much 
greater, extent, i n the Northern Frontier D i s t r i c t i n the 
north-east corner of the Colony bordering I t a l i a n Soraali-
and and Abyssinia. Relatively l i t t l e geological work 
has been done on the rocks of the l a t t e r area, but Gseg-
ory collected a considerable amount of data on those of 
the coastal area near Mombasa, and sub-divided, the rocks 
as follows:-

(a.) Chamgamwe Shales- ( C o r a l l i a n ) . This i s the upper
most of the four divisions of the Jurassic i n the 
coastal area and i s essentially an olive-green 
and yellow shale w i t h calcareous and ironstone 
nodules, septaria and many ammonites and belem-
n i t e s . 

(b) M i f c i t i n i Shales- (Oxfordian).Dark-grey to black 
unfo s s i l i f e r o u s shales with calcareous nodules 
interbedded with h a l f - i n c h layers of arragonite. 

(c) Kibiongoni Beds-
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(c) Kibiongoni Beds- (Callovian).These occur inland 

of the M i r i t i n i Shales and are c h a r a c t e r i s t i c 
a l l y shales,yellow micaceous sandstones, cherjsy 
mudstones and shelly sandstones. Some of the.4 
jsandstones are strongly false-bedded and some 

a, 
show evidence of shrinkage creeks and r a i n p i t t -
ings. 

(d) Kambe Limestome- (Bathonian). This i s the lowest 
member of the Jurassic i n t h i s area and contains, 
three main types, the most abundant being a dark-
grey u n f o s s i l i f e r o u s rock which may be sandy and 
contain p y r i t i c nodules. The second v a r i e t y . i s 
l i g h t - g r e y i n colour and packed with massive cor
als, while the t h i r d , which i s found interbedded 
w i t h both the other types,is o o l i t i c and piso-
l i t i c . 

There has been some argumentjas to the r e l a t i o n be
tween the Duruma Sandstone Series and the Jurassic rocks 
which overlie them, but Gregory favours an unconformity 
between the two series, rather than that the Kambe Lime
stone formed a .passage bed between the Duruma Sandstones 
and the Jurassic. 

Records of boreholes i n the Jurassic beds of the 
north-east corner of the N.F.D. show that a l t e r n a t i n g 
bands of limestone, shale and sandstone are found down -
to depths of 400 feet- along the Wajir-Sl V/ak road (as at' 
Wajir Bor and Mile 46) while nearer to SI Y/ak, sandstones 
are penetrated f o r some considerable depth before pass

ing i n t o 
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ing i n t o limestones and shales. The sandstone?, the Mar-
ehan type, have been referred by Busk (1939) to the Dur-
uma Sandstones 9but the borehole evidence disproves t h i s 
c o r r e l a t i o n . They have been classed by other geologists 
as Cretaceous, but Dixey (personal communication) now 
suggests that they are Jurassic i n age, since he has not
ed that the f o s s i l i f e r o u s marine limestone passes up i n t o 
them by. a l t e r n a t i o n at the foot of the Marehan scarp of 
the Bamba H i l l s . 

Water supplies i n the Jurassic rocks of Kenya would 
appear to be on the whole extremely poor. Limestones are 
known to vary greatly under d i f f e r e n t conditions i n t h e i r 
usefulness as aquifers, mainly due to the differences i n 
the extent to which they have been subjected to the s o l 
vent action of percolating waters. I t i s w e l l known that 
young limestones contain many voids between the i n d i v i d -

fragments 
u a l calcareous/ERHiHK of which they are composed, but 
these usually become f i l l e d with calcareous cemfent depos
i t e d by solutions passing through the rocks. I n t h i s way, 
older limestones become compact and impervious except alonj 
cracks, caves and passages developed by solution along 
bedding planes and cracks. Unless such fissures or caves 
are struck i n the d r i l l i n g , i t i s u n l i k e l y that large 
supplies of water w i l l be produced from boreholes i n "lime
stone, which accounts f o r the extremely sporadic occur
ence ,of successful boreholes i n t h i s type of rock. 

The second main d i v i s i o n of the Jurassics, the shales, 
are 
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are amongst the worst water bearers of any type of rock. 
Sj§hje][ys, being formed by the induration of' clays, have 
extremely f i n e p a r t i c l e s with minute i n t e r s t i c e s . Under 
ordinary hydrostatic pressure they w i l l not give up any 
water they do contain, but i f j o i n t s and bedding planes 
are w e l l developed i n the zone of decomposition near the 
surface, small supplies may be obtained from t h i s zone. 

Two boreholes only were d r i l l e d i n the Jurassics of 
the coastal b e l t . Borehole I\7o. 107 at Vitengeni gave 875 
g.p.h. of highly saline water at 136 f e e t , at the base of 
a shale bed above' limestone. This was cased o f f and a 
supply of 350 g.p.h. of potable water was obtained- at 386 
fe e t , i n sandstone which i s possibly' the Mazeras Sandstone 
of the Duruma Sandstone Series. Borehole Wo.173 at Kiten-
wangi gave 1,000 g.p.h. of saline water, u n f i t f o r use, 
at 190 feet i n a sandy band i n grey calcareous shale, and 
although d r i l l i n g was continued t o 550 f e e t , no supplies 
of fresh water were encountered. 

The Jurassic beds of the caastal area are repeated 
by f a u l t i n g and t h e i r actual thickness i s not known, but 
there i s no doubt that they are of considerable thickness. 
I t i s doubtful whether they could-be penetrated economic
a l l y from a water-boring point of view to reach the Duruma. 
Sandstones below, except where they t l i n out towards their 
surface contact with the l a t t e r series, 

Sight boreholes, were d r i l l e d i n the Jurassics of the 
N.F.D. and only one of these was successful, No,160 at 
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mile 46- on the Wajir-El Wak road. This hole yielded 90 
g.p.h. at 280 feet and 350 feet i n t h i n sandstone bands 
i n the shales. The rest l e v e l i n t h i s hole was 280 f e e t . 
Borehole No.169 at mile 76 on the same road gave a t o t a l 
y i e l d of 50 g.p.h. and i s classed as unsuccessful. Other 
holes were d r i l l e d to varying depths up to 400 fe e t with
out s t r i k i n g any water. 

A summary of d r i l l i n g i n the Jurassics therefore , 
shows only 20% success, the two successful holes averag
ing 401 fee t i n depth, with water at 368 f e e t , r i s i n g to 
w i t h i n 200 feet of the surface. 

IV ( d ) - THE TURKANA GRITS. 

Mr. A.M.. Champion (see Campbell Smith 1938) has re
ported three d i s t i n c t and rather widely separated areas 
of sedimentary rocks which are mainly felspathic g r i t s 
and sandstones with minor developments of conglomerate, 
from the Turkana D i s t r i c t , west of Lake Rudalf .• The name 
Turkana G r i t s has been applied to t h i s sedimentary series. 

I n the Labur' H i l l s they r e s t on the Basement Complex 
and are themselves overlain by flows of amygdaloidal bas
a l t or compact basalt which i s either poor i n o l i v i n e or • 
e n t i r e l y o l i v i n e free. The sediments i n t h i s area have, 
also been described by Arambourg (1935). who named them 
the "Serie de Labur" and correlated them p r o v i s i o n a l l y 
with the Adigrat Sandstones'of Abyssinia. Fuchs (1939) 
points out that "this c o r r e l a t i o n cannot stand, because 

f o s s i l 
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f o s s i l trees found i n these beds have shown them to be 
not older than Cretaceous and more probably to be of 01-
igo-Miocene age.. 

A seeond and .more extensive outcrop occurs south of 
Kosekria and north of the Kagwalas fiiver (Champion) and. 
here the g r i t s appear to be cut by microfoyaite dykes-. At 
mile 74 on the Kalin-Lodwar road i n t h i s l o c a l i t y , Simp
son of the 42nd. Geological and Geophysical Section,S.A.E.C 
reported "a f a i r l y extensive deposit of sedimentary beds 
consisting of arkoses and conglomerates. Traversing these 
beds .are a number of p a r a l l e l dykes running roughly north 
and south." I n Arambourg1 s map (1935) t h i s area of g r i t s 
i s shown expending to the Kagwalas River and round the 
southern end of the Lothidok H i l l s . He also shov/s another 
area of g r i t s to the south of the Turkwell River. 

At Kosekria and six miles north of Kosekria Camp on 
the Kalodeke-Lokitaung road, Champion noted hard compact 
conglomerates, apparently at the top of the g r i t s and 
sandstones. Pebbles i n these conglomerates are said by 
Campbell Smith to be well-rounded and many of them are up 
to' two centimetres i n diameter. They consist mainly of 
pale-buff and greenish f e l s i t i c rocks set i n a matrix of 
eith e r angular fragments of f e l s i t i c or felspathic mater
i a l i n a dark base, or of ferruginous and c a l c i t i c mater
i a l . 

Roberts also reported conglomerates of t h i s series 
from various l o c a l i t i e s , as at t h i r t y miles north of Lodvar 

and 



and again at Taban and Loruth-where flat-bedded conglom-' 
erates overlie lava of the augite-porphyry type. I n the 2 
Taban-Loruth area, the conglomerate i s f i n e r grained'than 
that nearer Lodwar and has been much more indurated by 
secondary siliceous solutions. Further proof of the c i r 
c u lation of these siliceous solutions i s found i n the v a l 
ley 3/4 mile due south of Loruth, where angular pebbles 
of weathered gneiss have been cemented i n t o a hard brecc
i a . Roberts found a few felspar pebbles i n the conglomer
ate,but i n s u f f i c i e n t to j u s t i f y the name arkose. The scar
c i t y of felspar and the rounding of the quartz grains and 
pebbles indicate that the conglomerates have had a long . 
transportation h i s t o r y . Their provenance has not yet been 
determined. 

Fuchs (1939) suggests that the Turkana Grits may be' 
correlated with Gregory 1s Kamasian i n i t s e a r l i e r r e s t r 
i c t e d sense i n the Lake Baringo area, which i s probably of 
Miocene age. 

The only borehole d r i l l e d , i n 'the Turkaha Grits (SA/29 
at mile 83 on the Kalin-Lodwar road) was not logged i n 
d e t a i l but sandstone was reported throughout the whole of 
i t s depth (188 f e e t ) . Water was found at 94 fe e t , r i s i n g 
under pressure to w i t h i n 90 feet of the surface. The t e s t 
ed y i e l d was over 3,000 g.p.h, and i t would .appear that 
these sediments should prove a valuable source of borehols 
water supplies i n the f u t u r e . 

IV-(e)- THE MERTI BEDS. 



IV ( e ) - THS MERTI BISDS. 
The series of nodular limestones, sjr^ady, clayey and • 

pebbly beds with minor gypsiferous developments, which 
covers a great part of the northern Frontier D i s t r i c t and 
the eastern part of Kenya, and i s c h a r a c t e r i s t i c a l l y dev
eloped i n the Merti area, has been named the Merti Beds. 
I t has been assumed by many geologists who have v i s i t e d 
these parts of the Colony that such deposits are only 
t h i n surface coverings upon Basement Complex gneisses and 
schists, but d r i l l i n g has shown them to be some hundreds 
of feet t h i c k over a great part of t h e i r outcrop. 

Some 17 miles south-west of the Merti "dukas", ah 
excellent c l i f f section of 250 to 300 f e e t i n thickness 
has been reported and described by Roberts (unpublished • 
r e p o r t ) . This section shows a complete succession from 
the. Basement Complex gneisses, through^the Merti Beds, to 
a capping of lava which Roberts c l a s s i f i e d as a Pleistoc
ene basalt. He observed that i n t h i s c l i f f section the 
pebbles of the gravel were extremely well-rounded, except 
immediately above the gneiss, i n d i c a t i n g a long transport
ation h i s t o r y . No current bedding was observed, but the 
absence of .dreikanter, desert varnishing and f r o s t i n g , t o 
gether with the poor grading, suggested'that the beds had 
an aquatic (marine or lacustrine) axxspaa rather than an 
aeolian o r i g i n . Fo f o s s i l s were found, but t h i s may be ac
counted f o r by the f a c t that only the more robust types 
would be expected t o be preserved i n such coarse gravel 

deposits. 
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deposits. Fossil wood (as yet undetermined) has recent
l y been found by Dixey i n comparable beds i n the'Chaibi 
Desert, east of Lake Rudolf. No volcanic material has 
been observed i n the sediments of the Merti area, the bed* 
being made up e n t i r e l y of gneissic debris. 

The volcahics which cap the sediments i n the Merti 
area have been classed by Roberts and others as Upper 
Pleistocene i n age. This may w e l l be correct i n the base • 
of the lavas of the pla i n s , but where isolated h i l l s (up 
to 400 f e e t above"the l e v e l of the surrounding country) 
are lava-capped, i t would appear tha t the lavas, and 
therefore the underlying sediments, are much plder than 
t h i s since denudation to a depth of 400 feet i n Eecent 
times i s scarcely l i k e l y . I t has been suggested th a t the 
sediments wese l a i d down i n the early T e r t i a r y pre-volcan-
i c p l u v i a l period and possibly correspond i n age with-the 
Turkana .Grits west of Lake Rudolf as described by Champion 
(1938)' and Fuchs (1939). Recent work by Dixey,however, 
has led him to the conclusion t h a t these beds i n the ; main 
are merely i&isi a continuation of the Jurassic beds of the 
northeeast corner of the F.F.D., wi t h a change i n facies 
from calcareous (as i n the north-east corner) to arenac
eous and argillaceous as represented by the sands, gravelSj 
and clays developed i n other areas. Dixey also suggests 
Jpersonal communication) t h a t roughly west of a l i n e : t h r 
ough Marsabit the sediments are of Miocene age. The' foss
i l wood already mentioned may be of value i n f i n a l l y ass

essing the 
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essing the age of these deposits. 

Additional information regarding t h i s series has been 
obtained from boreholes sunk i n i t during the course of 
m i l i t a r y operations i n East A f r i c a i n 1940 and. 1941. The 
deepest hole was sunk at mile -245 on the Thika-Gar issa 
road. Here 480 feet of a l t e r n a t i n g sands and clays were 
penetrated before d r i l l i n g was stopped, and a very small 
quantity of highly saline water was obtained at the b o t t 
om of the hole. Several boreholes were sunk at i n t e r v a l s 
along the Garba Tulla-Wajir road i n t h i s formation.. Most 
of them show limestone deposits, usually of a nodular, 
nature, with intercalations of sandy beds, down to depths 
of 100 to 200 f e e t , followed by a l t e r n a t i n g sandy,clayey 
and pebbly beds. Boreholes 5A/3, 38 and 61-, the logs of . 
which are shown below,• are t y p i c a l of holes i n th(§ji> loc
a l i t y . 

SA/3- Lak Bpggal.' 
0- 3 f e e t - Sand 
3- 35 

35- 200 
200- 270 
270- 280 
280- 310 
310- 325 

Soft Limestone. 
Soft quartz i t i c limestone 
Quartzitic white clay 
Red quartz sand 
Limestone, clay and sand. 
Red quartz sand and clay. 

SA/38- Ndeges Nest«20 miles south of Wajir. 
0- 5 f e e t - S o i l 
5- 59 " Gravel and limestone 

59- 131 11 Sand and clay 
131- 354 11 Sand, clay and gravel. 
SA/S1- Cross roads,Merti-Wajir-Arba Jahan-Habaswein. 

0- 3 f e e t - S o i l 
3- 25 " Hard q u a r t z i t i c limestone 

25- 90 " Q u a r t z i t i c limestone 
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90- 116 f e e t - Sand and limestone 

116 -245 • " Sand and clay. 
Borehole M/4 at SI Dera, on the Isiolo-Habasweim road 
(mile'93) penetrated the Merti Beds at 305 f e e t , passing 
at t h i s depth i n t o weathered biotite-gneiss of the Base-' 
ment Complex. The log of t h i s hole i s as below. 

0- 3 f e e t - Top-soil 
3- 90 11 Sandy clay 

90- 305 " A l t e r n a t i n g sand and clay beds 
305- 349 " Weathered bibtite-gneiss 
349- 408 " Hard unweathered gneiss. 

A small quantity (30.g.p.h.) of highly saline water was 
struck i n the hard unweathered gneiss at 368 f e e t , the re&t 
l e v e l being 358 f e e t . 

I n addition t o the extensive outcrop of these deposits 
down the eastern side of the Colony, another wide-spread 
occurrence of s i m i l a r beds i s seen i n the Chalbi Desert 
area, bounded to the east, north and west by volcanics 
and to the south by Basement Complex rocks. Qood outcrops.-
may beeseen adjacent to the new Marsabit-Mega road from 
mile40 .to mile 55 and are described i n d e t a i l i n the secow i 
p a r t of t h i s thesis. 

Only one borehole was sunk i n t h i s area (SA/112), at 
mile 55, j u s t below the. low lava scarp, and yielded 
1,200 g.p.h. of excellent q u a l i t y water from a sandy con
glomerate at'a depth of 140 f e e t . The rest l e v e l was 
135 feet.. 

Boring f o r water•in these deposits has,on the whole, 
been singularly unsuccessful. Out of a t o t a l of 30 holes 
sunk, only 6 were successful, two produced water which 

was 
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was too' saline f o r use and 22 were- complete f a i l u r e s , a 

th a t f o r 
percentage success of 20 only, which apart from/the Jur-
assics, i s the lowest recorded f o r d r i l l i n g i n any form
ation i n Kenya. The average tested y i e l d was 580-g.p.h. 
at an average depth of- 249 fe e t . The average res t l e v e l 
was. 237 f£et and.the average t o t a l depth 260 f e e t . The 
average depth of a l l the holes was 266 f e e t . 

The six successful holes wees 
'. SA/112- mile 55 on the Marsabit-Mega road- 1,200 g.p.W. 

. at 140 f e e t . 
SA/69- L i b o i - 400 g.p.h. at 290 fe e t . 
SA/70- Galma Galia- 1,000 g.p.h. at 245 feet*- saline 

but potable. 
SA/98- Kolbio- 300 g.p.h. a t 194 f e e t - saline but 

potable. 
SA/68- Galma Galla- 200 g.p.h. at 270 fe e t - saline 

but .potable.. 
SA/67- Hagadera- 620 g.p.h.. at 357 f e e t . 

I t w i l l be noted th a t of the 6 successful*holes, three 
gave saline but potable water. 

With reference to the Hagadera area, Simpson (unpub
lis h e d report) states " At Hagadera f a i r l y well-consolid
ated sandstone was encountered i n borehole SA/67, y i e l d 
ing a good supply of fresh water. On the road'to L i b p i , 
which runs as f a r as Wardeglio on Lak Dera, these sand
stones outcrop i n the banks of the Lak, and specimens 
taken show them to be f i n e and coarse g r i t s w i th frequent 
layers of conglomerate. The pebbles are mainly rounded ^ 
quartz with.occasional pebbles of gneiss so that tfle 

sandstones 
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sandstones and conglomerates are mainly composed of gran
i t i c debris The beds d i f f e r e n t i r e l y from the , 
sands and clays of the Merti Beds to the north round Hab-
aswein and may be Duruma Sandstones". 'The difference 
noted by Simpson does not a f f e c t the c l a s s i f i c a t i o n of 
these beds as Merti since those to which he refers i n 
the Habaswein area are, as noted l a t e r , the products of 
res o r t i n g .of the Merti Beds by the Uaso Nyiro River. 

The majority of the. successful holes were sunk ei t h e r 
i n or i n the immediate v i c i n i t y of pans or dry luggahs. 
Dixey (personal communication) has pointed out i n t h i s con
nection t h a t most of the larger pans' are not merely hap-
hasard depressions i n the general l e v e l of the country, 
but are most probably c u t - o f f meanders of an ancient r i v e r 
system. A certain amount of evidence i n support of t h i s 
view has been noted by the w r i t e r i n the neighbourhood 
of the pans i n the Gherille area on the Wajir-3ardera 
road, where a .very varied assemblage of .well-rounded^ pebb-r 
les was noted. These included'gneiss, sandstone, quartzitc, 
ironstone, quartz, chert etc., i n addition to the more 
common nodulaB limestone fragments. 

Considering the above facts i l l i s not improbable that 
the meagre water supplies of the F.Ĵ F.D. could be augment -
ed to a certain extent by the d r i l l i n g of boreholes s u i t 
ably sited i n some of the larger pans. A f u r t h e r p o i n t i s 
that none of the holes so f a r d r i l l e d have been taken to 
any great depth. I n t h i s connection there i s reason to 

suppose 
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suppose t h a t by suitable geophysical methods, the sub
surface topography of the underlying Basement Complex 
could be mapped i n many areas. Boreholes put down i n old 
valleys i n t h i s ancient land surface should have a good 
chance of s t r i k i n g water, though t h i s might prove to be 
saline. I t would of necessity e n t a i l d r i l l i n g to consid
erable depths and would also require detailed preliminary 
geological and geophysical investigations. 

IV ( f ) - TH5 HABASWEPT DEPOSITS. 

These deposits, very simil a r i n general character to 
the Merti Beds, are found on each side of the Uaso Nyiro 
River i n the neighbourhood of Habaswein. The are,in a l l 
p r o b a b i l i t y , the products of r e s o r t i n g of the Merti Beds 
by t h i s r i v e r as i t s h i f t e d i t s - course from time to time 
during e a r l i e r periods of i t s h i s t o r y . Roberts suggests 
that the f i n e dust which i s so.prevalent i n t h i s area may' 
be c l a s s i f i e d as- a. weathered or possibly unconsolidated 
loess with a non-calcareous cement. Many mollusc remains 
of the T u r r i t e l l a type are, however, found i n t h i s mater
i a l , and i t ±s therefore seems much more l i k e l y that i t is 
an e l u v i a l or a l l u v i a l s i l t . 

I n t h i s area a ce r t a i n amount of success has been ob
tained by d r i l l i n g . Out of a t o t a l of 18 holes d r i l l e d , 
6 were successful, averaging 550 g.p.h. at a depth of 64 
f e e t , the average rest l e v e l being 54 f e e t . The average 
depth of a l l the holes sunk was 100 f e e t , the deepest,-

(dry) 
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(dry) being 237 f e e t . The d r i l l e r s ' l o g s are unfortunately 
not detailed, a l l showing only t o p - s o i l and then a l t e r 
nating sands and clays to the .bottom of the holes. Four 
of the boreholes classed as unsuccessful would have y i e l d 
ed water i f an e f f e c t i v e method of separating the water 
from running sand could have been devised. Further supp
l i e s could no doubt be developed i f necessary i n t h i s 
area'by d r i l l i n g both up and down t h i s old stream course. 

IV ( g ) - THE KAIHOZOIC VQLCAHIC5. 

A great part of Kenya Colony l i e s i n a.volcanic zone 
extending from Abyssinia to Nyasaland, i n .which volcanic 
a c t i v i t y has been more or less continuous from possibly 
as early as Cretaceous times to the present day: Isolated 
volcanoes and numerous steam j e t s and mud volcanoes are 
s t i l l active i n several l o c a l i t i e s i n the R i f t Valley. 

During t h i s immensely long period of v u l c a n i c i t y , 
lavas and pyroclastics were spread over enormous areas 
of the Colony, and the two highest mountains of A f r i c a , 
Mts. Kilimanjoro and Kenya, were b u i l t up. The eminent 
s u i t a b i l i t y of the Kenya'Highlands f o r white settlement 
i s due not only Jo i t s pleasant climate but also because 
the weathering of the volcaniies i n the more humid areas 
has produced a very f e r t i l e s o i l which constitutes the 
most highly productive a g r i c u l t u r a l land i n the Colony. • 

. The volcanics of Kenya may be divided i n t o three 

main 
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main areas,within which smaller divisions may be made., 
while several other smaller and less important areas occur 
i n various parts of the Colony. 

The f i r s t main area considered i s i n the Turkana 
D i s t r i c t of the f a r north-west corner of the Colony be
tween Lake Rudolf and the Uganda border. To ,the west the 
rocksaare bpunded by the Basement Complex, while to the 
east they are masked by the' alluvium of Lake Rudolf. From 
north to south the extent of t h i s p o r t i o n of the volcanic 
f i e l d i s from the Abyssinian border to about l a t i t u d e 3° 
Horth. The continuity of outcrop over the area i s broken 
by patches of Basement Complex and Turkana G r i t s , as'in : • 
the Todenyang-Lokitaung area,' and by Turkana Grits again 
i n the Khosa and Loupi River l o c a l i t i e s . Large spreads of 
r i v e r alluvium and swamp deposits occur i n the north-cen
t r a l portion and i n the Kagwalas and Turkwell River areas 
i n the south. 

• A comprehensive series of rock types collected from 
t h i s area by Mr. A.M.Champion has .been described by Camp
b e l l Smith (1938-) who found the southern p o r t i o n to be 
made up of a series of olivine-basalts, o l i v i n e -nephe Un
i t e s and phonolites of the Kenya type of Gregory's Laik-
i p i a n d i v i s i o n . Younger phonolites and trachytes were f o l 
lowed by Reeeht extrusions of basanites and divine-bas
a l t s . The northern part of the area shows a series of bas
a l t s followed by p a n t e l l e r i t i c trachyte and r h y o l i t e , the 
r e l a t i o n of which to the rocks of the south i s uncertain. 

Arambourg 
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Arambourg (1935) described another series of basalts from 
the Lothidofe H i l l s (roughly the east-central p o r t i o n of 
the area) which he c l a s s i f i e d as Laikipian and which may 
be i d e n t i c a l w i th those described by Campbell Smith. 

The second large area of volcanics i s found i n the 
northern part of the Northern Frontier D i s t r i c t , bounded 

1 

to the east by Basement Complex rocks. The eastern bound
ary runs from 16 miles west of Moyale on the Abyssinian 
Frontier i n a south-westerly d i r e c t i o n to the neighbour- -
hood of l a t i t u d e 3°.15' H. and longitude 39°S. -whence i t . 
follows a roughly southerly d i r e c t i o n t o ©feouib-lafî ude'o 
1?45' N". Here the boundary has a sinuous course to the 
west-north-west, passing the foot of the Marsabit"scarp" 
some 14 miles south of Marsabit and across to l a t i t u d e 
2°N., longitude 37°.35' S. Here a long tongue of Basement 
Complex rocks and sediments of the Chalbi Desert breaks 4= 
the continuity of outcrop up to l a t i t u d e 3°.50' N.before 
the volcanics are again encountered as a wide band along 
the- eastern shores of Lake Rudolf. Mamy isolate d plateaux, 
are also capped by volcanics i n the N.F.D..outside the 
main area as described above, as f o r instance the Merti 
Plateau and many other's of greater or less extent on both 
sides of the Archer's Post-Marsabit road. 

Very l i t t l e d etailed p e t r o l o g i c a l work has so f a r 
been done on the volcanic rocks of t h i s p a r t i c u l a r area, 
though numerous general traverses have been made from.tima 
to time, usually with the object of attempting to f i n d 

means 
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means o f i n c r e a s i n g the water supplies o f the a r i d barren 
area. Such traver s e s have been c a r r i e d out by Parkinson 
and v a r i o u s members o f the H y d r o l o g i c a l Section o f the 
Public Works Department o f Kenya, w h i l e more r e c e n t l y a 
great deal of reconnaisance work has been done by members 
o f the 42nd.Geological and Geophysical Section, S.A.3.C., 
and 41st. (E.A. )V/ater"Supply Company, i n c l u d i n g the w r i t e r . 

The area round Marsabit i s t y p i c a l of the v/hole o f 
t h i s great v o l c a n i c f i e i d ; i s o l a t e d cones o f ash and aggl
omerate r i s e above the general l e v e l of the p i a i n , on 
which h i g h l y - v e s i c u l a r . o l i v i n e - b a s a l t s form low r i d g e s , 
w h i l e large blocks of s i m i l a r m a t e r i a l are scatter^, over 
the i n t e r v e n i n g areas. The harder and more r e s i s t a n t bas
a l t s make up.the f l a t or g e n t l y u n d u l a t i n g country, w h i l e 
the s o f t e r ashes and agglomerates u s u a l l y stand out as 
low h i l l s and cones. Since the r e l a t i v e l y s o f t and uncon
s o l i d a t e d p y r o c l a s t i c s form the main topographic f e a t u r e s 
i t i s obvious t h a t they must be considerably younger than 
the lavas themselves , which Puchs(1939) mapped as Upper 
Pleistocene i n age. As the H u r i H i l l s are approached, the 
country i s covered w i t h l a r g e l a v a boulders and f l a t - t o p p e d 
r i d g e s o f h i g h l y - v e s i c u l a r basalt.. This l a v a type breaks 
up i n t o l a r g e , r o u g h l y r e c t a n g u l a r blocks r a t h e r t ^ n i n t o 
rounded boulders as produced by the l e s s v e s i c u l a r type. 
The v e s i c l e s i n many instances have a l i n i n g o f c r y s t a l l 
ine c a l c i t e . I t i s suggested t h a t the l a v a tongues are 
the end phase of the f i s s u r e e r u p t i o n s i n t h i s l o c a l i t y 

when . 
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h i g h l y viscous m a t e r i a l c a r r y i n g a h i g h percentage o f v o l 
a t i l e s was erupted. I n these r i d g e s are also seen many 
roughly c i r c u l a r s h a f t s some 6 t o 8 f e e t i n diameter 
which are p o s s i b l y l a t e ' d r y explosive vents. I n the H u r i 
H i l l s , ash and agglomerate cones increase i n number and 
the peaks of t h i s range, are a l l formed o f t h i s m a t e r i a l . 
Their lower slopes c o n s i s t o f a f i n e - g r a i n e d o l i v i n e - b a s -
a l t c a r r y i n g small idiomorhhic o l i v i n e s i n a f i n e - g r a i n e d 
black ground-mass. 

Microscopic examination by the w r i t e r o f several spec 
imens o f the two main l a v a types shows t h a t they are'of 
normal o l i v i n e - b a s a l t , w i t h the more v e s i c u l a r types poss 
i b l y grading towards'ankaramite. 

The lava-capped plateaux p r e v i o u s l y mentioned, the 
M e r t i Plateau and several others i n the neighbourhood of 
Laisamis, o f t e n r i s e t o a h e i g h t o f 400 f e e t above the 
surrounding country, which i t s e l f may be e i t h e r of Base
ment Complex rocks or l a v a , The la v a caps may d i r e c t l y ov 
e r l i e Basement Complex rocks or sedimentary beds o f the 
M e r t i "type. I t i s obvious t h e r e f o r e , t h a t the la v a caps 
must be of considerably g r e a t e r age than the lavas of the 
p l a i n s , since erosion must have removed a t l e a s t 400 f e e t 
o f material.between the e x t r u s i o n o f the l a v a of the caps 
and t h a t of the p^&lins. 

Many d e f i n i t e voltcanic cones and c r a t e r s , .from which 
bombs and l a p i l l a e of various c r y s t a l l i n e rock types have 
been ej e c t e d , occur i n t h i s area. Notable among the eject-
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amenta are u r , f o l i a t e d g r a n i t e s and coarse-grained u f l i t r a -
basic types c o l l e c t e d from p o i n t s as f a r apart as Magada 
and Tass i n Southern Abyssinia, Marsabit Mountain and. the 

T 

Mgombe Crater near I s i o l o . Only the u l t j a - b a s i c s from the 
Magada-Tass area have been examined m i c r o s c o p i c a l l y , and 
they show a wide range of rock types, i n c l u d i n g o l i v i n e -
p y roxenite w i t h garnet(almandifae), a u g i t e - p e r i d o t i t e , 
a u g i t e - p e r i d o t i t e w i t h garnet, d u n i t e , amph'ibole-olivinite 
and a m p h i b o l e - o l i v i n i t e w i t h garnet, but i n hand•specimen 
at l e a s t , those c o l l e c t e d from the other l o c a l i t i e s ment
ioned are similar.(See Part I I o f t h i s t h e s i s f o r d e t a i l s 
o f the above r o c k s ) . 

The t h i r d and by f a r the l a r g e s t contiuous spread o f 
v o l c a n i c s i n the Colony s t r e t c h e s from the north-west'side 
of Lake Rudolf down through the whole l e n g t h og the Kenya 
Highlands, bounded along i t s western margin by Basement 
Complex rocks, t o the Tanganyika border, some 20 miles 

t 

west of Lake ITatron. The eas^rn margin o f the mass f o l l o w s 
a roughly s o u t h e r l y d i r e c t i o n from the south end o f Lake 
Rudolf towards Maralal and Rumuruti where i t swings away 
t o the south-east t o some few miles n o r t h o f Nanyuki. 
Here a l a r g e tongue spreads north-east through I s i o l o and 
Archers Post, and thence f o l l o w s the Uaso Nyiro River to 

I 
the neighbourhood of Chander's F a l l s before-swinging round 
to the Garba T u l l a Area. From t h i s l o c a l i t y the margin 
f o l l o w s a s o u t h e r l y l i n e t o Chuka and thence east o f the 
K.U.R. Nairobi-Kanyuki l i n e t o the west side o f Donyo Sabuk 
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Sabuk. A narrow tongue f o l l o w s the east side o f the A t h i 
River from t h i s p o i n t as f a r south as Tsavo, wh i l e the 
margin o f the main mass swings t o the east o f N a i r o b i , 
through A t h i River township, t o K a p i t i P l a i n s S t a t i o n on 
the K.U.R. Nairobi-Momoasaaline. From here the boundary 
f o l l o w s a sinuous l i n e w i t h a general south-westerly tren4. 
t o the Tanganyika border a t the north-west corner of Lake 
Natrom. This eastern border abuts e n t i r e l y against Base
ment Complex rocks except i n small isol^aJed l o c a l i t i e s a 
few miles east and south o f N a i r o b i , where lake sediments 
outcrop beneath the v o l c a n i c s . 

The general succession and pe.trology o f the v o l c a h i c s 
of t h i s area Lave been described by Prior,Gregory,Sikes 

to. them 
and o t h e r s , §o only b r i e f r e f e r e n c e / w i l l be made when 
d e a l i n g w i t h borehole r e s u l t s i n d i f f e r e n t ' p a r t s o f the 
area. 

Other l a r g e i s o l a t e d masses make up the Chulyu H i l l s , 
Mt. K i l i m a n j a r o and T.Ht.'Elgon, w h i l e other smaller occurren
ces are found along the eastern shores of Lake V i c t o r i a 
i n the area south o f Kisuma. 

B a i l e y W i l l i s (1936) p o i n t s out t h a t t h i s v o l c a n i c 
e r u p t i v e 

r e g i o n i s d i s t i n g u i s h e d s t r u c t u r a l l y from other/areas 
associated w i t h the formation of R i f t V alleys i n t h a t the 
e a r l i e r lavas issued mainly from f i s s u r e s , the i s o l o ^ t ) e d 
volcanoes of t h i s age being mainly i n c i d e n t a l . L a ter, the 
great cones o f K i l i m a n j a r a and Kenya were b u i l t up. Such 
cones, as Menengai, Suswa, Longonot e t c . , are probably of 

f a i r l y 
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f a i r l y recent age, since the weathering o f the s o f t mat
e r i a l has so f a r been s l i g h t . I t would appear t h a t the 
e a r l i e r lavas, have, i n the main-, r i s e n through the Base
ment Complex along s t e e p l y d i p p i n g f i s s u r e s , and have' spr 
ead out on reaching the surface t o cover the Basement 
rocks w i t h an enormous thickness o f e x t r u s i v e m a t e r i a l . 

Gregory ( 1 9 2 1 ) ' c l a s s i f i e d the v o l c a n i c rocks-of East 
A f r i c a g e n e r a l l y as ranging i n age from the Upper Cretac
eous t o the Upper Pleistocene. His d a t i n g o f the o l d e r 
r e p r e s e n t a t i v e s , from the TJpper Cretaceous K a p i t i ^honol-
i t e s t o the Hiocsae L a i k i p i a n b a s a l t s and a u g i t i t e s , i s 
based mainly upon h i s i n t e r p r e t a t i o n o f the age o f ; ( a ) t h e 
t o r r e n t i a l gravels i n the v i c i n i t y of the Kavirondo Gulf 
o f Lake V i c t o r i a , i n which fragmental remains of Dino-
therium hobleyi^/ere found and which he considered t o be 
of Miocene age (see also Oswald 1914), and (b) the so-
c a l l e d Kamasian Lake 3eds i n v a r i o u s p a r t s o f the R i f t 
V a l l e y . W i l l i s (1936) i s o f the o p i n i o n t h a t the f o s s i l 
i n (a) above has i n , f a c t been t r a n s p o r t e d and redeposited 
i n Pliocene Beds,, but Kent (1944) proves c o n c l u s i v e l y 
t h a t the beds c o n t a i n i n g the f o s s i l are o f Miocene age 
and o v e r l i e an o l d e r agglomerate which he t h i n k s i s o f 
H a r l y T e r t i a r y age, r e s t i n g d i r e c t l y on the Basement Com-
.plex. Leakey and Solomon, working on the I3fi\ajasian Beds 
which Gregory classed as Oligocene f i n d , from the evidenc 
of p a l a e o l i t h i c implements c o l l e c t e d from c e r t a i n o f the 
beds, t h a t they must be of Pleistocene age, w h i l e other 

beds 
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beds i n which no implements have been found are consider-
t o be not older than Miocene. 

Much work remains t o be done on these rocks and the 
i n t e r c a l a t e d sediments before they can be d e f i n i t l y dated 
but a l l the a v a i l a b l e evidence- i n d i c a t e s only t h a t the 
e a r l i e s t agglomerate i s o l d e r than Miocene and the*E app-
'ears t o be no d i r e c t evidence t h a t the K a p i t i a n and Doiny-
an are pre-Miocene i n age. 

GENERAL WATER BEARING PROPERTIES OF THE VOLCANIC ROCKS. 
Tolman (1937 p.309) c l a s s i f i e s the f a c t o r s governing 

groundwater movement and accumulation i n lavas under three 
heads :-

(a) V e r t i c a l p e r m e a b i l i t y due t o f r a c t u r e s , 
(b) H o r i z o n t a l p o r o s i t y and p e r m e a b i l i t y i n horizons 

c o n t a i n i n g openings due t o f l o w and gas expansion 
d u r i n g s o l i d i f i c a t i o n , and 

(c) The occurrence o f impervious horizons and dykes. 
Massive u n f r a c t u r e d l a v a i s impervious and a good example 
o f t h i s i s the K a p i t i p h o n a l i t e o f Ken^, which so f a r has 
proved t o be p r a c t i c a l l y useless as a water bearer and 
y i e l d e r i n boreholes. This i s the o l d e s t of the Kainozoic 
lavas of Kenya and i n i s o l a t e d instances i t has been poss
i b l e t o penetrate i t t o reach the u n d e r l y i n g Basement Com
p l e x rocks, which have y i e l d e d water i n a g r e a t e r or l e s s 
er degree. I n other cases water has been obtained from 
o l d weathered land surfaces between successive f l o w s . Ex
amples o f t h i s w i l l be discussed l a t e r . 

I 
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Of the other l a v a types, the more basic v a r i e t i e s , 

such as basalts,, are usually, the most u s e f u l v/ater bearers, 
The f r a c t u r i n g o f such rocks, due t o volume shrinkage on 
d e v i t r i f i c a t i o n , i s appreciable,and these f r a c t u r e s not 
only provide adequate tfogtry f u r the water above the water 
t a b l e b ut also f r e e l y y i e l d up t h e i r v/ater from i n t e r c o n n 
e c t i n g f r a c t u r e s below the water t a b l e . I n a d d i t i o n t o the 
shrinkage f r a c t u r e s , the basal p o r t i o n s of the v a r i o u s 
fl o w s o f t e n have a bouldery h a b i t due t o the r o l l i n g over 
o f the r a p i d l y cooled upper surface of the viscous l a v a t o 
the under side as the f r o n t o f the f l o w advanced, again 
t e n d i n g t o produce a very f r e e water channel. Furthermore, 
the weathered surfaces between the var i o u s flows and the 
grea t e r s o l u b i l i t y o f the commoner minerals o f the basic 
lavas tend t o produce greater p o r o s i t y and p e r m e a b i l i t y 
i n them than i n the more.acidic types. 

R h y o l i t e s and other a c i d i c types o f t e n remain vitreous 
on s o l i d i f i c a t i o n , and thus have a smaller number of. less 
well-developed shrinkage f r a c t u r e s than the more basic 
v a r i e t i e s , butm on the other hand, they c o n t a i n mote gas 
openings and thus amygdaloidal and scoriaceous t e x t u r e s 
are more common.- On the whole, however, these rocks are 
less u s e f u l as water bearers than the basic types. 

P y r o c l a s t i c rocks (ashes , t u f l f s , and agglomerates) 

which make up a large p r o p o r t i o n o f the v o l c a n i c s of • 

Kenya, have two d i s t i n c t water-bearing p r o p e r t i e s depend

i n g mainly on t h e i r mode o f d e p o s i t i o n . Sometimes the 

f i n e r 



f i n e r grained beds are deposited, a f t e r being cooled (by 
t h e i r passage through the a i r , i n compact masses y/i t i i o u t 
r e s u l t a n t c o o l i n g cracks. Such deposits form impervious 
l a y e r s and i n h i b i t the passage o f water t o lower beds. 
Due t o t h e i r compactness, they are u s u a l l y dry below the 
Weathered zone, or a t any r a t e do not r e a d i l y y i e l d any 
water they may con t a i n . Such beds are, hov/ever , o f import
ance when u n d e r l y i n g more porous' beds i n depth, by v i r l a i e 
o f t h e i r impervious nature. , 

I n the other .extreme case, geat thicknesses o f only 
k 

l o o s e l y consolidated p y r o c l a s t i c s may be so porous as to 
allow water t o p e r c o l a t e t b such a depth as t o make i s 
recovery by boreholes uneconomic. This type of occurrence 
i s common i n c e r t a i n p a r t s o f the R i f t V a l l e y , w h e r e ; i t 
i s probablp t h a t ground water descends t o such a depth 
t h a t o i t becomes vaporised and r i s e s t o the surface again 
as steam from the numerous fumaroles which are o f such 

> 

wide spread, occurrence i n t h i s p a r t o f Kenya. Thus the 
p y r o c l a s t i c s . as a whole are o f s p e c u l a t a t i v e value as 
water bearers. I s o l a t e d instances where they have proved 
t o be u s e f u l are discussed l a t e r . 

Of major importance from the water supply p o i n t o f 
view are the numerous o l d l a n d surfaces between the la v a 
flows and the i n t e r s t r a t i f i c a t i o n o f o l d lake sediments 
w i t h the v o l c a n i c s i n v a r i o u s p a r t s of the Colony. 

.Apart from the c o n d i t i o n s o f d e p o s i t i o n , subsequent 

weathering, f r a c t u r i n g , e t c . , mentioned above, the occurr
ence of 
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ence of ground water i n the v o l c a h i c s i s dependent on sev
e r a l other f a c t o r s such as topographic and r a i n f a l l f e a t 
ures. I t i s , t h e r e f o r e , somewhat d i f f i c u l t t o g e n e r a l i s e on 
con d i t i o n s f o r the lavas as a whole, but i t has been poss
i b l e t o make c e r t a i n deductions f o r areas where d r i l l i n g 
has already been c a r r i e d out on a f a i r l y i n t e n s i v e seals, 

RESULTS OF DRILLING IK THE VOLCANICS OVER THE WHOLE 
COLONY. 

An examination o f a l l a v a i l a b l e records shows t h a t 
245 boreholes have been sunk i n these rocks t o an average 
depth o f 304 f e e t . Of these, 167 or 68.2 % have been succ
e s s f u l , d r i l l e d to an average depth o f 327 f e e t , v/ith 
water s t r u c k a t 248 f e e t , r i s i n g under pressure t o w i t h i n 
147 f e e t o f the surface, i . e . under an average h y d r o s t a t 
i c head ofl 101 f e e t . The average t e s t e d y i e l d was 1,503 
g.p.h., the t o t a l t e s t e d Jrie l d therefore being t h e o r e t i c 
a l l y over 6,000,000 g a l l o n s per day. 

Table IV analyses these r e s u l t s from the p o i n t o f 
viBw of the depths a t which the main supplies were str u c k 
and the y i e l d o f holes at these depths. I t w i l l be noted 
t h a t most o f the boreholes s t r u c k water betv/een 50. and 
450 f e e t (156 of the successful holes f a l l w i t h i n these 
l i m i t s ) , w h ile 74 stru c k water between the-narrower l i m 
i t s of 200 and 350 f e e t . Below 450 fleet not only does the. 
number of successful holes f a l l o f f r a p i d l y b u t also the 

average y i e l d , which f a l l s t o 1,000 g.p.h. f o r 8 holes 
h o l _,„ ., . t h a t hi*^gh y i e l d s 
below t h x . depth, i t v , i l i a l s 0 b e / ~ S are 
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are not common, only 15 holes producing q u a n t i t i e s i n ' 
excess o f 3,000 g.p.h., o f which 2 gave y i e l d ^ s o f otter 
5,000 g.p.h. 

The p r o b a b i l i t y cmrves ( P l a t e l l a t ) show very l i t t l e ^ 
o f i n t e r e s t since they represent a comparatively s m a l l 
number of holes i n a l a r g e area. I t w i l l be seen that-
the f i g u r e o f 450 f e e t f o r the f a l l i n g o f f i n the number 
of successful holes and the average y i e l d i s reduced t o 
410 f e e t . 

F u r t h e r a n a l y t i c a l t a b l e s and p r o b a b i l i t y curves 
(Table V and PlatellB) are given,, from which the r e s u l t s 
o f the successful holes i n the N a i r o b i area (see' separate 
s e c t i o n l a t e r ) have been abstracted from the r e s u l t s f o r 
the'whole Colony. These show t h a t outside the l i m i t e d . 
N a i r o b i area, 156 boreholes- have been sunk o f which 94 
or 60.3 % were successful. The average depth o f a l l these 
holes was 269 f e e t , the successful holes aver ageing 267 
f e e t . Water v/as struck a t an average depth of 197 f e e t 
under a pressure head o f 78 f e e t , b r i n g i n g t h e . r e s t l e v e l 
t o w i t h i n 119 f e e t of the surface. The average yield.was 
1436 g.p.h., s l i g h t l y less than the average f o r the v/hole 
Colony. From the t a b l e i t w i l l be seen t h a t holes s t r i k 
i n g water at' depths o f l e s s than 200 f e e t gave higher 
y i e l d s than holes below t h a t depth,'while the g r e a t e r 
p r o p o r t i o n o f holes reached water above 350 f e e t (81 out-
of a t o t a l , of 94). The p r o b a b i l i t y curves show the sjn^e 
r e s u l t s g r a p h i c a l l y , though the essplanation o f the major 

- dips 



. • 5 4 « 

d i p s at.MlO and 170 f e e t i n both curves i s not apparent. 

DETAILED DRILLING RESULTS IN THE VOLCANIOTS. 
Having set f o r t h above the generalised r e s u l t s f e u 

d r i l l i n g i n the v o l c a n i c s over the whole Colony, the small
er separate areas w i l l now'be d e a l t w i t h i n r a t h e r more 
d e t a i l i n ' t h e f o l l o w i n g order:-

(1) The Northern F r o n t i e r D i s t r i c t , i n c l u d i n g Turkana, 
the Dukana area, Marsabit-Huri H i l l s area and the 
Isiolo-Garba T u l l a area. 

(2) The Nanyuki area. 
(3) The Plateau Lava d i s t r i c t s , i n c l u d i n g L a i k i p i a , 

the Uasin Gishu and the A t h i R i v e r - X a p i t i P l a i n s 
area. 

(4) Examples o f l a v a - b u r i e d v a l l e y s , e g . Taveta and 
Hakuyu areas. 

(5) The R i f t V a l l e y proper and the Kinangop Plateau. 
(6) The N a i r o b i area. 

(1) The Northern F r o n t i e r D i s t r i c t . 
T h i r t y boreholes have been sunk i n a wid e l y scattered, 

area i n t h i s d i s t r i c t , and 13 of these gave successful 
r e s u l t s , averaging 193 f e e t i n t o t a l depth/The average 
flepth t o water was 111 f e e t , the r e s t l e v e l being 74 f e e t 
and the average t e s t e d y i e l d 1,140 g.p.h. The low percent
age o f successes i n t h i s area i s no doubt due t o the f a c t 
t h a t a l l the boreholes were sunk by the m i l i t a r y author
i t i e s d u r i n g the opening stsges o f the East A f r i c a n Cam

paign an4 
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paign and many holes were, sth'erefore, d r i l l e d i n l o c a l i t 
i e s where the chances o f success i n any case were low, 
but where water was ungently needsd and d r i l l i n g the only-
pos s i b l e means o f o b t a i n i n g i t . ^ e v e r a l holes too were 
abandoned, a t shallow depth when the forward movement'of 
troops no longer n e c e s s i t a t e d the p r o v i d i n g o f water.supp
l i e s a t these p a r t i c u l a r p o i n t s . 

I n the-Turk ana. D i s t r i c t 14 boreholes were sunk t o , an 
average depth o f 213 f e e t , and o f these, G, averaging 
194 f e e t i n depth, were successful. I'.'ater was s t r u c k a t 
an average depth o f 100 f e e t , r i s i n g under pressure t o 
65 f e e t , the average t e s t e d y i e l d being 750 g.p.h. Two 
boreholes,however, a t Taban and K a l i n , y i e l d 2,000 and 
2,600 g.p.h. r e s p e c t i v e l y and account f o r the bulk o f the 
water obtained, ^ ' i t h these abstracted from, the t o t a l , the 
other 6 successful holes,-'yielding an average of only 
230 g.p.h. are a l l l o c a t e d i n the Lokitaung area. The 6 
unsuccessful holes are ranged along the Kalin-Lodwar road 
and average 252 f e e t i n depth. 

I n the Dukana area, 3.boreholes were a l l unsuccessful 
averaging 114 f e e t i n depth. I t seems l i k e l y t h a t these 
holes would have had. a f a i r chance o f success i f they had 
been taken deeper, since though t h i s area i s somev/hat 
a r i d , there are several w e l l - d e f i n e d water courses and 
drainages which may w e l l have considerable q u a n t i t i e s of 
water s t i l l s tored i n open-textured beds of t u f f and agg
lomerate below the w e l l - j o i n t e d b a s a l t s . 
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I n the M a r s a b i t - ^ u r i M i l l s area, 7 boreholes were 

sunk, averaging 250 f e e t i n depth. Of these o n l y 1 was 
successful., s i t e d at . the southern f o o t o f the JTarsabit 
"scarp", where'water t o the extent o f 600 g.p.h. was struck 
a t 233 f e e t i n o l d lake sediments l y i n g immediately below 
the lavas. The unsuccessful holes were i n the thiizk beds 
of extremely porous t u f f s and agglomerates of I l a r s a b i t 
Mountain and the H u r i H i l l s . More s u i t a b l e s i t e s ei i s t 

n o r t h e r n • 
i n the area between t h e / f o o t o f Marsabit and the southern' 
slopes o f the H u r i H i l l s , where the v o l c a n i c s could be 
penetrated t o reac"1-- the u n d e r l y i n g sediments. The area. i s ? 

however, completely useless from an economic p o i n t o f 
view, being a barren wilderness of tumbled black l a v a bould
ers w i t h no v e g e t a t i o n , so i t i s u n l i k e l y that, c d d i t i o n a l 
water supplies w i l l be r e q u i r e d here i n peace time. The 
nomadic Roran, g r a z i n g t h e i r herds on the sparse veget
a t i o n o f the Chalbi Desert, g a i n t h e i r supplies o f water 
mainly from small springs i s s u i n g from the base of the 
b a s a l t i c lavas a t t h e i r j u n c t i o n w i t h the u n d e r l y i n g 
sediments. 

S i x boreholes i n the I s i o l o - G a r b a - T u l l a area average 
130 £eet i n depth, and o f these,- 4,. averaging 173 f e e t , 
were successful. Water was s t r u c k a t an average depth o f 
102 f e e t i n these holes, r i s i n g under pressure t o 59 f e e t 
and producing an average of 2,050 g.p.h. on t e s t . The 
successful holes were a l l s i t e d close t o I s i o l o , the water 
being produced from bedded t u f f s - and sediments below the 

main 
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inani l a v a ' f l o w s . Two o f the holes gave s l i g h t l y s a l i n e 
water but t h i s was s t i l l p o t a b l e . The two unsuccessful 
holes were d r i l l e d at m i l e 30 and mile 45 on the I s i o l o -
Garba T u l l a road t o depths o f 182 and 133 f e e t r e s p e c t i v e 
l y , and there appears reason t o b e l i e v e t h a t i f they had 
been c a r r i e d deeper they would have given a c e r t a i n am
ount of water. 

(2) - The Nanyuki Area. 
Here, i n the neighbourhood of Mt. Kenya, 11 holes 

have been sunk averaging 227 f e e t i n depth. S i g h t o f these 
were successful averaging 233 f e e t i n depth. Water was 
str u c k a t an average depth o f 200 f e e t , r i s i n g t o 130 
f e e t under pressure, and 'giving an average t e s t e d y i e l d 
o f 1,210 g.p.h. Sikes (1934) published the r e s u l t s o f 
d r i l l i n g i n t h i s area up. t o 1932. Subsequent d r i l l i n g has 
y i e l d e d s i m i l a r r e s u l t s . Water occurs e i t h e r i n weatherefl 
Kenyte l a v a or i n coarse morainic or f l u v i o - g l a c i a l mater-
i a l , derived from the former g l a c i e r s o f the mountain, i n -
terbedded w i t h the l a v a f l o w s . 

(3) - The Plateau Lavas of L a i k l p i a . the Uasin Gishu and 
the A t h i and K a p i t i P l a i n s . 
The p l a t e a u laxzas, c o n s i s t i n g mainly of successive 

flows o f neplifeline p h o n o l i t e , which appear t o have w e l l e d 
up q u i e t l y from- huge f i s s u r e s along the f l a n k s o f the 
R i f t V a l l e y , cover very l a r g e areas o f Kenya. Since the 

r u n - o f f 
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run-off i s very high i n these rocks, due to t h e i r extreme 
l y compact and s o l i d nature, i t i s neeessary to provide 
water supplies for stock by boring. These phonolites- are 
very poor water bearers, but weathered surfaces between 

general 
successive flows , when struck below the/water table of 
the d i s t r i c t , have often given good supplies. 

Of the 48 holes sunk, in these rocks i n widely separ
ated areas, 30, averaging 288 feet"-in depth, have been 
successful. V/ater was struck at an average depth of 208 
feet under a pressure head of 106 feet, the average teste«l 
y i e l d being 1,060 g.p.h. 

L a i k i p i a i s the high plateau country r i s i n g from the 
east side of the R i f t - g a l l e y from Kedong i n the south to 
the Lake Baringo area in-the north. I t v a r i e s i n altitude 
from 5,000 to 7,000' feet, stretching eastwards towards 
Mt. Kenya. To the south i t . i s bounded by the Kikuyu up
lands and to the north passes towards the southern end of 
Lake Rudolf v i a the Thomson's Falls-Rumuruti area. Phonolitts, 
basalts and phonolitoid. kenytes make up the mass of the 
L a i k i p i a plateau, but subordinate occurrenees of pyroclast-
i c s are found bear the centres of extrusion. Twenty four 
boreholes have been sunk.in t h i s area to an anerage depth 
of 317 feet, and of these,. 17 were successful, averaging 
300 feet i n depth. Water, averaging 840 g.p.h. on t e s t , 
was struck at 212 feet under an average pressure head of 
100 feet. Pressure heads of up to 270 feet have been en
countered i n t h i s l o c a l i t y and one borehole ( C/ 226),in 
•the Thomson's F a l l s area, actually gave a small a r t e s i a n 

supply. 
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supply. Four boreholes gave an aggregate yifijejd of 9,000 
g.p.h. thus reducing the average y i e l d of the I S remaining 
holes to 400 g.p.h. The logs of the successful holes 
indicate that the main supplies of water were struck i n 
old land surfaces between the-$av&bflows^or i n weathered 
zones i n the lavas immediately below such surfaces. LTinor 
supplies have also bean obtained from rare fracture planes 
i n the usually compact phonolites. 

The Uasin^Gishu plateau Onidoret-Kipkabus- area) i s 
e s s e n t i a l l y s i m i ^ j r geologically to. the L a i k i p i a plateau 
but l i e s on the opposite side of the main. R i f t Valley. 
Only seven boreholes have been sunk i n the plateau lavas 
i n t h i s area ;. f i v e were successful, averaging 297 feet 
i n depth. -Water was struck at 235 feet under an average 
pressure head of 183 feet, the highest noted being 290 
feet. The tested y i e l d of the holes averaged 1,290 g.p.h. 
Of the two unsuccessful holes, one was abandoned at 27 
feet and the other was only taken to 242 feet, which i s 
barely below the average depth to water in t h i s l o c a l i t y . 

The Athi Plains and S a p i t i Plains area, situated 
j u s t south and south-south-east of Nairobi , i s s i m i l a r 
geologically to the two areas described above, exceptn 
that i t s general elevation i s l e s s and the lavas here are 
almost exclusively of Kapiti phonolite. Here are wide 
p l a i n t s of gently undulating nature, we^l grassed and 
supporting huge herds of game of a l l descriptions. Of the 
17 holes d r i l l e d to' an average depth of 209 feet, 8 were 

successful 
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successful, averaging 248 feet feet i n depth. Water was 
struck at 177 feet, r i s i n g under pressure to 112 feet ana 
averaging 1,400 g.p.h. on t e s t . The 9 u n s u c c e s s f u l holes 
averaged 175 feet in depth and of these, 5 were abandoned 
"before reaching a reasonable depth. 

The Athi River l o c a l i t y had bee£ up to quite recently, 
regarded as unpromising for borijig, but i n lc542, of 5 
holes d r i l l e d by the m i l i t a r y - a u t h o r i t i e s some three miles 
along the Kadjiado road from Athi River, .3 gave excellent 
r e s u l t s and one of- the unproductive holes was abandoned 
at very shallowdepth (47 f e e t ) . More recently, additional 
attention has been focussed on the area by the highly 
successful borehole between L i e b i g 1 s Factory and the r i v e r 
which tapped an artesian supply of some 10,000 g.p.h. 
This borehole must, however, be regarded as a spe c i a l 
case, being s i t e d (within h a l f a mile of a borehole which 
gave only 250 g.p.h.), on what appears to be the downthrow 
side of a f a u l t of considerable magnitude i n the Kapiti 
phonolite. The younger volcanics and lake sediments ex
posed on the h i l l s i d e on the.Nairobi side of the r i v e r dip 
towards t h i s f a u l t and t h i s no doubt accounts for the 
quite unusually high y i e l d and true artesman character of 
t h i s borehole. The r e s u l t s from t h i s hole have not been 
included i n the general analysis .of 'results since completa 
d e t a i l s were' not to hand' when t h i s report was written.. 
I t i s possible that simi/S^r s i t e s may be found i n t h i s 
area in the neighbourhood of the' f a u l t , the extent of 
which has not yet been determined 



.61. 
(4) Taveta and Makuyu Areas. 

These two areas, though widely separated, have been 
treated together because the conditions under which bore
hole water supplies are found are s i m i l a r i n both instanc
es, i n that - Basalt flows have f i l l e d old stream v a l l e y s 
i n the pre-existing land surface* (see also' Sikes 1934). 
At Taveta the water i s found i n soft t u f f s and sediments 
below a bouldery basalt flow of the Kilimanjaro lavas. 
Six boreholes were sunk,- of which four were successful, 
one was abandoned at 50 feet and the other s i l t e d up 
a f t e r s t r i k i n g water. The successful holes averaged' 122 
feet i n depth, water being struck at an average depth of 
102 feet and r i s i n g to 60 feet, with an average tested 
y i e l d i n excess of. 3,000 g.p.h. 

At Makuyu a basalt flow f i l l e d an old v a l l e y in. the 
Basement Complex gneisses and the. water i s obtained from -
a bouldery bed in. "the basalt above the gneiss. One hie 
only of the four d r i l l e d .here was a f a i l u r e and that 
was presumably.sited outside the main v a l l e y . The other 
three holes were a l l high' y i e l d e r s , and two of them, i n 
close proximity to each other, pumped by a i r - l i f t methods, 
gave 122,000 gallons per day continually and t h i s only 
lowered the 'general water table by 2 feet; The average 
depth of these holes was 156 fe e t , water being struck at 
75 feet and r i s i n g to between 2 and 13 feet of the surface-

Similar occurrences may be expected i n other parts otf 
the Colony and w i l l be of great value when found. ; 
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(5) The R i f t Valley. 

The section of t h i s great topographic feature dealt • 
with here i s mainly within the trough i t s e l f , from the 
neighbourhood of Kedong i n the south, through Naivasha 
and Uakuru, to the southern end of Lake Baringo i n the 
north. Certain holes which f a l l j u s t outside t h i s main 
area have been included (eg.' at TTjoro and the Mau) since 
conditions there are e s s e n t i a l l y s i m i l a r to those of the 
main trough. Other boreholes in. the Kikuyu-Limoru area, 
which should properly have been included, are dealt with 
l a t e r , i n the section on the Nairobi area, as they f a l l 
more naturally into that section i n view of the l o c a l i t y 
treatment of r e s u l t s adopted here. Boreholes on the south
ern edge of the Kinangop plateau have also been treated 
separately (following Sikes),since they f a i l outside the 
main S i f t Valley drainage system.'Other boreholes d r i l l e d 
the the R i f t Valley for the whole of t h e i r depth i n lake 
sediments are also dealt with l a t e r . 

I n . a l l , 45 boreholes of an average depth of 331 feet 
are considered here. Of these, 29 were successful to an 
average depth of 32S? feet, water .being struck at and aver 
age dppth of 247 feet, ri? ing under pressane to 161 feet 
and yielding an av.orage on t e s t of 1,410 g.p.h. The un
successful holes averaged 340 feet i n depth. The percent
age success for d r i l l i n g over the whole area i s f a i r , but 
in mamy individual areas where water i s urgently required 
geological conditions are auch as to almost e n t i r e l y 
preclude the chances of even small supplies being • •' 

from 
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from boreholes. Such areas are those where soft, porous . 
and r e l a t i v e l y unconsolidated ashes and t u f f s extend to 
great depths with no impervious beds to hold up the water 
before 'it reaches a depth at which i t i s l i k e l y to be 
vaporised. The deepest borehole i n the Colony (C/115),,±s " 
on the Kijabe-Farok road some 20 miles from Kijabe Station, 
i s a case i n point. This hole was d r i l l e d to a depth of 
320 feet.through alternating beds of soft lavas and sedi- • 
ments without s t r i k i n g any water and the temperature of 
the borehole - i s said to have' been high. Another boreholes 
(on the Mt.Margaret Sstate) , was carried to 727 feet 
before s t r i k i n g water (300 g.p.h)'which rose to 7Qd feet, 
making i t uneconomic to pump. This small supply was struck 
in. the f i r s t r e l a t i v e l y hard lava-encountered, a rhydlite, 
overlain by alternating beds of pumice^ t u f f s , agglomer
ates and s i l t y and clayey beds. I n such areas, which are 
very common i n the R i f t Valley, the chances of s t r i k i n g 

a 
water at moderate/depth, where i t i s not found i n the 
s u p e r f i c i a l deposits, are e n t i r e l y dependent on the i n t e r 
section of some r e l a t i v e l y impervious bed of lava or t u f f 
below the soft porous beds. Geophysical investigations 
should be of great assistance i n locating such s i t e s . 

• Several boreholes i n the R i f t Valley and along i t s 
flanks have struck steam or draughts of hot a i r and i t 
has been found without exception,that a f t e r such condit
ions have been encountered, deeper d r i l l i n g does not prod
uce water. 



The Kedong Valley area has not been productive of 
good d r i l l i n g r e s u l t s since only three of the eight holes 
d r i l l e d produced water and even these only gave supplies 
of the order .of 300 to 400 g.p.h., the conditions encount
ered being similar to those dealt with i n some d e t a i l 
above. North of t h i s however, i n the v i c i n i t y of Lake 
Kaivasha, greater success has been obtained-, with high 
average y i e l d s . Six of the.8 holes d r i l l e d i n t h i s l o c a l 
i t y were.successful, averaging 2,200 g.p.h. from ah aver
age depth of l e s s than 100 feet. A l l the "holes obtained 
t h e i r water either from old lake sediments or f a i r l y : 
coarse-grained p y r o c l a s t i c s r e s t i n g on more impervious 
beds of s o l i d lava. Their proximity to Lake ITaivasha no 
doubt accounts to a large extent for t h e i r high y i e l d s at 
such shallow depths.' Tlusr two unsuccessful holes f a i l e d .to. 
strike, any s o l i d impervious layer down to flepths of 320 
and 520 fleet respectively. 

I n the Uakuru area, 10 holes h'ave been, sunk of which 
6 were successful. I t should be pointed out that 4 of the 
successful holes were sunk in. a very small area on the 
f l a t s of the Ngo-sur stream a t the foot of the extinct 
Menehgaiu volcano. • I n other parts of the Nakuru area.no 
great success has been obtained from boring, as the cond-

i n .the . ^ 
i t i o n s are s i m i l a r to those/previously described jfedong 
area. 

The Njoro area has given good r e s u l t s , 8 out of 10 
holes being successful, though i n most cases a greater 
depth than usual (300 to 570 feet) had.to be d r i l l e d be

fore s u r . p e s s 
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fore success was attained. 

The Rongai area produced small supplies from three of 
the four boreholes sunk ( 100 to 250 g.p.h.) but -none of 
the boreholes was taken to more than medium depth ( 350 
f e e t ) , except"", the unsuccessful one which v*as d r i l l e d to 
466 feet. Boreholes i n the Mau Summit area gave s i m i l a r 
r e s u l t s . 

Sikes (1934) has described the r e s u l t s 0 f 5 boreholes 
on the Kinangop Plateau. He pomnts out that t h i s area 
d i f f e r s from-most other parts of the R i f t Valley i n that ft 
r h y o l i t e s , ttoachytes and t u f f s of L a i k i p i a n age have not 
been appreciably affected by the l a t e r Naivashan faul t i n g . 
Only one boeehole was successful and i t s y i e l d was low 
(450 g.p.h.). Sikes suggests that since the Kinangop i s 
an area of high r a i n f a l l i t should be possible to meet 
the water requirements of places where surface supplies 
are inadequate, by suitably s i t e d shallow wells or dams. 

(6) The Nairobi Area. 
The area now to be considered i s some 20 to 25 miles 

square with.the Nairobi Municipality situated roughly in' 
i t s centre. I t may be considered as a small segment of t 
the gently r i s i n g plateau from the Athi River i n the-east 
to the main eastern flank of the R i f t Valley i n the ,y.west, 
and varies i n general elevation from 5,400 to 7,500 ;feet. 
She drainage, of the afp-a has a roughly east to eaist-
south-east trend, i e , from the direction of th"2 R i f t V a l l 
ey flank towards the Athi River, The streams are on .the 

whole 
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whole smallj though running for the most part in large" 
v a l l e y s . Moreover many of them are seasonal, and hence the 
provision of additional water from boreholes i n t h i s thick
l y populated area i s of great importance. The-higher elev
ations, as in thp Kikuyu and Limoru d i s t r i c t s , are better 
watered generally than the lower-lying areas of the east., 
ana therefore, additional supplies are not so urgently 
required, although a considerable, number of boreholes Has 
been sunk to augment surface supplies for minor i n d u s t r i a l 
and domestic purpo-ses. 

Sikes, i n h i s excellent paper (1939) on the geology 
of the country surrounding Nairobi, points put that the 
volcanic sequence i n t h i s area i s notably complete i n 
comparison with other portions of the R i f t Valley ramp, 
since a l l divisions are represented from the Basal Kap'iti 
phonolite to the products of modern vu l c a n i c i t y . I n gen
era l ^ ' successively younger volcanics are encountered i n 
passing westwards from the Athi River to the R i f t Valley 
flank. The general succession i s as below, -the.youngest 
beds being at the top.of the table:-

5. F y r o e l a s t i c s . 
4. Limoru'Trachyte. 
3. Naifcobi Trachyte. 
2. Athi Plains Phonolite. 
1. Kapiti Phonolite. 

The Ngong Basic Series ',locally developed i n the Ngong-
H i l l s in. the south-west comer, of the area, i s intermed
iate i n age between the A|h\t|i Plains Phonolite and the 
Nairobi Trachyte*. With a l l these lavas are associated more. 

or 
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or l e s s important beds of py r o c l a s t i c s and' the existence 
of many old land surfaces between individual flows i s 
evidence of th? long period during which these flows yie&e 
extruded. T h i s . i s p a r t i c u l a r l y noticeable'in the case of 
the break between'the Kapiti Phonolite and the Athi Plains 
Phondlite, where t y p i c a l lake sediments with sub-aqueous 
t u f f s have been proved Toy boreholes i n the south-east and 
east-central portions of the area to reach thicknesses of 
over 300 feet, without any intercalated lava flows.-

The petrological characters of the lavas have been 
described i n d e t a i l by Sikes (1939) and reference to them 
w i l l , therefore, only be made i n so f a r as they a f f e c t 
the water bearing properties of the rocks. 

The K a p i t i Phonolite i s not .exposed i n the area under" 
review but has-been intersected i n at l e a s t one borehole*? 
here. 

The Athi Plains Phonolite, exposed over much of the 
south-east and east-central portion of the area,-with 
tongues fingering up several v a l l e y s away from the main 
outcrop,is, l i k e the Kapiti Phonolite, not a good producer 
from boreholes. Meagre supplies have been obtained occas
io n a l l y from the very infrequent cracks and f i s s u r e s i n 
the-rock but in no case have they been of importance. 
The lava I s , i n hand specimen^a fine-grained tough dark-
grey rock (c a l l e d by Sikes the Fai r o b i Phonolite) and • 
d i f f e r s only .in appearance from the' K a p i t i Phonolite i n 
having smaller and l e s s conspicuous phenocrysts of felspar* 
and nepheline. Boreholes i n . t h i s formation r e l y for t h e i r 
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water 1 on the sub-aqueous t u f f s and lake sediments below 
the lava. The core of a s h o t - d r i l l hol^e recently d r i l l e d 
some three miles east of Nairobi on the Nairobi-rTanyuki 
l i n e of the K.TJ.R. , shows that the phonolite i s divided 
into several flows with 4r*»e products of weathering betwee*? . 
them. The f±->v:s i n d i v i d u a l l y are t h i n near the top of. the 
formation but increase in thickness lower down. After' 

• passing through the lava, about 10D feet of fine-grai'nafL 
sub-aqueous t u f f s and ashes were intersected before reach
ing the t y p i c a l lake beds, which are mainly composed of 
interbedded fine-and goarser-grained sandy beds with minov 
developments of bentonitic material. A detailed study of 
the core could not be made by the writer as the hole was 
completed only a short time before he l e f t ^ a s t A f r i c a . 
Other s h o t - d r i l l holes are projected for the same l o c a l 
i t y and should be of great assistance i n the elucidation 
of several of the problems of succession and petrology 
of both the lavas and the sediments. 

' The Ngong Basic Series' i s made up of a varied assemb
lage of basic lavas, t u f f s and agglomerates i n the Ifgbng 
H i l l s and f o o t h i l l s east of them. The basic volcanics 
range from nephelinites to basanites, basic tephrites, 
and phonolitic tephrites and are thought by Sikes 'to 
correspond to Gregory* s Lower L a i k i p i a n d i v i s i o n of older 
basalts, which make up much of the Aoer&eii-es, Settima 
ana western L a i K i p i a . I n common with other basic volcan
i c s , these lavas are usually good water bearers, and ex
ce l l e n t r e s u l t s have been obtained from S r i l l i n g i n them. 

Apart 
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Apart from t h e i r well-weathered and fis s u r e d nature, there 
are also numerous old land .surfaces between the various 
flows which give, good supplies under C-.suitable conditions.. 

The" Nairobi Trachyte, with i t s associated tuffs:and 
minor developments of agglomerate, covering roughly a 
t h i r d of the area i n the centre, disappears eventually 
beneath the younger flows of Limoru Trachyte i n both west
e r l y and northerly directions. The individual flows of the' 
trachyte are usually t h i n and have ŝ me old land surfaces 
between them,, but tuffaceous intercalations form the major 
separations between the' flows. The trachyte v a r i e s great
l y i n hardness i n different bands and presents c e r t a i n 
d i f f i c u l t i e s i n d r i l l i n g , for which i t does not compensate 
i n the amou* t of water i t produces . As a water bearer i t 
i s extremely poor and. boreholes have yielded, on the whole, 
disappointing r e s u l t s . Occasional holes have given good 
supplies from old land.surfaces but these cases are ex
ceptional, p a r t i c u l a r l y i n the immediate v i c i n i t y of 

i 

F a i r o b i . . " 
The Limoru Trachyte i s the best, water bearer of a l l 

the lavas of the area and i s exposed over most of the 
western and northern portions. I t i s e s s e n t i a l l y a por-
p h y r i t i c .trachyte containing p o i k i l i t i c quartz i n small 
•ampunt i n the groundmass. The porphyritic c r y s t a l s of 
a l k a l i f e l spar are stumpy in. habit, set i n a pale-grey 
groundmass. This rock weathers ea.silj'-, becoming l i g h t -
grey to almost.white i n colour.•Even • when fresh i t i s 
r e l a t i v e l y soft and d r i l l i n g in i t i s quick and easy. . 

Associated 
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Associated v/ith i t are ejectamenta of various types and 
old land.surfaces between individual flows are common, i n 
the Kiambu area these trachytes cap many ridges, while 
deeply-incised stream beds sxpose the underlying Nairobi 
Trachyte i n many places. 

A t o t a l of 39 boreholes i s considered i n t h i s section 
with an average depth of 267 feet. Of these, 73 holes..or 
32.0 ?! to an average.depth'of 404 feet, were successful., 
l/ater was struck at an average depth of 312 fe e t under 
a pressure head of 129 feet, thus bringing the average 
r e s t l e v e l to within 183 fe e t of the surface. The average 
tested y i e l d was 1,586 g.p.h. Of the 16 unsuccessful holes 
11 were abandoned before reaching the depth at which water 
could be expected,- and t h i s : i s r e f l e c t e d i n the figure of 
198 feet for the average depth of the unsuccessful holes. 

The summary of r e s u l t s for the successful holes 
(Table VI) shows that a high proportion obtained their. : 

water between 200 and 400 feet.(50 out of 73) and these 
aneragea 1,700 g.p.h. on t e s t . Five holes gave y i e l d s i n 
excess of 3,OX g.p.h.. . 

The probability curves (PlateHe.) are of i n t e r e s t , as 
they show that oser the area as a whole, the highest prov
able y i e l d s (and also the highest probability of obtaining 
water) are between ih« depths of 250 and 320 feet. This 
i s mainly due to the excellent r e s u l t s obtained by d r i l l 
ing through the- Athi Plains Phonolite into the lake sed
iments below. The continuation of the curves below t h i s . 

point i s again made up c h i e f l y of holes i n the same form- . 
" • ation,where 
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where- greater thicknesses of both Nairobi Trachyte and.. 
Athi'Plains Phonolite had to be penetrated before reach
ing the water-bearing lake- sediments,, and also to a..less 
degree 'the higher areas of Kiambu and Limoru, where the 
water table i s r e l a t i v e l y deep. The curves for depths 
l e s s than 250 feet mainly represent i n t h e i r higher levels 
r e s u l t s i n the Nairobi Trachyte,and lower down i n the 
Limoru .Trachyte of the Kabete area. The r e s u l t s from the' 
Ngong Basic -Series are. scattered , throughout the curves . 
from 100 to 400 feet.' 

A more detailed areal analysis of the r e s u l t s for the' 
main sub-divisions m&y now be given. 

(a) Athi Plains Phonolite area underlain by lake 
sediments. 

' (by) The Langata area. 
(c) The Nairobi Trachyte area i n the western section 

of Nairobi. 
(d) .The ITgong-Karen area. 
(e) . The Xabete area. 
( f ) The KikuyU-Limrou-Kiambu area, north and north

west of.Nairobi. • 
(a) The Athi Plains Phonolite area, as previously stated, 
occupies the east-central, and south-eastern portion of 
the main-area, and, i n addition to the phonolite, also 
included , i n i t s south-western section, some overlying 
Nairobi Trachyte and py r o c l a s t i c s (eg. the C i v i l Aero
drome area). A t o t a l of 21 boreholes has been sunk here, 

of 
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of which 2 only, abandoned at 64̂  and .136 feet respective
l y e(gre classed as unsuccessful. The average depth of the 
successful holes was 443 feet, water being struck a t 337 

log* 

feetunder an average pressure head of 125 feet, bring^the 
r e s t level.to within 212 feet of the surface. The aver
age tested y i e l d of these holes was 1,690 g.p.h. As a gen
e r a l rule i t has been noted,fin"-.the central portion of this 
section at l e a s t , that water i s encountered a f t e r passing 
through anything-from 80 to 120 feet of fine-grained , . 
rather argillaceous material below the... phonolite., i n the' 
more open sandy'beds..The•shot-drill core previously ment
ioned shows that i n that p a r t i c u l a r hole, t h i s unproduct
ive layer beneath the phonolite i s made up of compact 
fine-grained sub-aqueous t u f f s . I t may reasonably be ass
umed that the beds i n the other holes are of a sim i l a r 
nature, though from the Tjomninnted samples from percussion 
d r i l l e d holes, differences i n the beds below the lavas 
are d i f f i c u l t to detect. The deepest hole.iin these beds 
was taken to 653 feet, the main supply of water (1,800 
g.p.h) not being obtained t i l l a depth of 650 feet was • 
reached, although a small supply (300 g.p.h.) was obtained 
at 100 to 123 feet, near the base of a bed of pyroclastics 
overlying the Nairobi Trachyte. She Athi Plains Phonolite 
was intersected i n t h i s hole at 257 feet and continued to 
404 feet, at which depth the fine-grained t u f f s , which 
here appear to have attained a greater thickness than usu
a l , were encountered. 

This .portion of the Nairobi arealis, therefore, except
i o n a l l y g 0 
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i o n a l l y good f o r the s i t i n g o f boreholes w i t h a more than 
reasonable hope of o b t a i n i n g good supplie s , though the 
average depth a t which water i s s t r u c k i s somewhat g r e a t 
er than f o r other areas, w i t h the - exception o f Langata. 
(b) The Langata area has so f a r proved t o be extremely 
d i f f i c u l t . A t o t a l o f 9 boreholes has be.eri sunk t o an aver
age depth of 287 f e e t . Of these, 3 only were successful 
t o an average depth o f 492 f e e t , water being s t r u c k a t 
383' f e e t , r i s i n g under pressure t o w i t h i n 203 f e e t o f the 
surface, w i t h an average t e s t e d y i e l d , of only 300 g.p.h. 
The 6 unsuccessful holes averaged 170 f e e t i n depth, ,three 
o f them being abandoned a t very shallow depth (47,50 and 
71 ..feet). A l l these boreholes s t a r t i n the N a i r o b i Trach
yte o r i t s associated p y r o c l a s t i c s , and w i t h the except
i o n of one? (and even i n . t h i s case the record i s d o u b t f u l ) , 
do"not s t r i k e the lake sediments. It.seems p o s s i b l e . f D o m 

a study of. the. Water Table Contour Map (see l a t e r ) t h a t 
deeper holes than u s u a l , say t o 703 f e e t , might be succ
e s s f u l i n reaching these sediments, i n which good supplies 
are t o be expected. I t may be, however, t h a t the sediments 
do not extend as f a r west as t h i s , but as there i s a t 
present:mo d e f i n i t e evidence e i t h e r f o r or against t h i s , 
i t would be worth while t o experiment w i t h a deep borehole. 
The low y i e l d o f the producing holes, i n t h i s area is''due 
t o the f a c t t h a t both the t r a c h y t e and the p h o n o l i t e are 
too compact and u n f r a c t u r e d t o make good a q u i f e r s . 

( c ) The Trachyte area west o f N a i r o b i , i s somewhat "' 
s i m i l a r 
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s i m i l a r t o the Langata s e c t i o n except t h a t a s l i g h t l y ' ' . 
* \. 

g r e a t e r percentage success has been obtained. Six holes 
were d r i l l e d t o an average depth o f 368 f e e t , and o f these 
4, averaging 417 f e e t were successful, \7ater was s t r u c k at 
an average depth of 293 f e e t , r i s i n g t o 155 f e e t and g i v 
i n g an average of 470 g.p.h. on t e s t . The average y i e l d i s 
low, as might be expected from the f o r m a t i o n i n which the 
holes were d r i l l e d , but as i n the Langata area, deeper 
holes might be expected t o reach the lake sediments, i f 
these' are present, or an o l d land surface between the 
A t h i ' P l a i n s Phonolite and the K a p i t i P h o n o l i t e , either'' 
6'f which 'should give greater y i e l d s than the p h o n o l i t e 
or t r a c h y t e . 
( d ) The TTgong-Karen area ' has given u n i f o r m l y e x c e l l e n t 
r e s u l t s ; 13 holes have been sunk to'an average depth'of 
282 f e e t and o f these,. 9, t o an average depth o f 325 f e e t , 
were successful. Water was s t r u c k a t 236 f e e t , r i s i n g un
der pressure t o 108 f e e t and y i e l d i n g an average of 1,120 
g.p.h on t e s t . Of the 4 unsuccessful holes, 2 were aban
doned a t a depth l e s s than t h a t a t which water would be 
expected and the other two were s i t e d close t o the main 
eastern boundary f a u l t o f the R i f t V a l l e y , and somewhat 
outside the main JTgong area. The r e s u l t s ' from t h i s area 
again show-that ba s a l t s and other s i m i l a r basic v o l c a n i c s 
are u s u a l l y good water bearers, because of t h e i r e a s i l y 
weathered and w e l l - f i s s u r e d nature. I n a d d i t i o n , t h e i 
thinness o f the i n d i v i d u a l flows and the l a r g e number o f 
o l d land suffaces encountered i n them have added' apprec

i a b l y t o 

file:///7ater


75. 
i a b l y t o the y i e l d s o f • i n d i v i d u a l boreholes, 
(e) The Kabete area f a l l s ' i n the l a r g e r area ( f ) below but 
since a s p e c i a l set of g e o l o g i c a l c o n d i t i o n s a p p l i e s , i t 
i s considered separately. S i x boreholes, a l l successful, 
have been sunk. T h e i r average t o t a l depth was 369 f e e t , 
w i t h the main supplies struck at an average depth of 247 
f e e t , r i s i n g t o w i t h i n 82 f e e t o f the surface under press
ure, the average t e s t e d y i e l d being 2,470 g.p.h. Two'1'of 
the holes, one not de'^p enough- t o tap the l a r g e supplies 
s t r u c k i n the other holes, and the other a t the eastern 
end o f the. section,produced only 500' and 400 g.p.h. r e 
s p e c t i v e l y , the other f o u r holes thus having the h i g h 
average y i e l d o f 3,480 g.p.h. An i n t e n s i v e d r i l l i n g earn-
paign- has r e c e n t l y been s t a r t e d i n t h i s area w i t h the 
o b j e c t o f augmenting, the N a i r o b i Municipal Water Supply 
and p r e l i m i n a r y r e s u l t s are as good i f not b e t t e r than 
those described above. 

I t appears t h a t s e veral flows of the s o f t , e a s i l y .-
weathered and w e l l - . j o i n t e d Limoru Trachyte occupy a pre-
e: i s t i n g v a l l e y i n the o l f i l a nd surface, the overturned u 
nose and upper surface of the f i r s t f l o w forming a bould-
ery mass on the o l d v a l l e y f l o o r , which s t i l l acts as a 
drainage channel from higher e l e v a t i o n s . I n the more west
e r l y s e c t i o n where t h e • t r a c h y t e i s t h i c k e r , boreholes 
pass through a l a r g e r number of o l d l a n d surfaces and cut 
a greater number o f f r a c t u r e s than they, do i n the east 
where the flows t h i n out. This i s r e f l e c t e d i n the much 

higher 
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higher y i e l d s of holes i n the west than those i n the 
east. • 
< f ) The Limoru-Kikuyu-Kianibu area has given good r e s u l t s ; 
o f the 26 holes which have been sunk, only 4 were unprod
u c t i v e . Three of these were d r i l l e d t o very shallow depths 
(67,74 and 109 f e e t ) , and could not have been expected t o 
reach water. I t i s p o s s i b l e t h a t these three holes, Nos. 
5,7 and 8 , d r i l l e d some 7 miles from N a i r o b i on t h e F o r t 
H a l l road, would have st r u c k lake sediments i f c a r r i e d 
deeper. They have been included i n t h i s section,however,, 
since they are somewhat outside the proved area o f s e d i 
ments. The other unsuccessful borehole,:To.71, i n the "Kik-
uyu Native Reserve, was d r i l l e d t o a .depth of 623 f e e t 
and i s ihe' only recorded hole i n which the Limoru Trachyte., 
here present t o a depth o f 400, f e e t , has not produced 
water i n good q u a n t i t y . The 22'^successful holes averaged 
371 f e e t i n depth, water a t the .'rate of 1,730 g.p,h. being' 
s t r u c k a t an average depth of 294 f e e t under a pressure 
head of 90 f e e t . This area i s mainly one o f Limoru Trach
y t e and i t s associated p y r o c l a s t i c s r e s t i n g on a foundat
i o n o f N a i r o b i Trachyte, the water being,as usual,obtained 
from the w e l l - f i s s u r e d Limoru Trachyte or o l d land sur
faces between the various f l o w s . 

The P r o v i s i o n a l Y/ater Table Contour Map ."o.l (Plate 
H I ) shows the generalised sub-surface contours o f the 
base of the A t h i Plains Th o n o l i t e against the u n d e r l y i n g 
f i n e - g r a i n e d p y r o c l a s t i c s and lake sediments as f a r as 
they can be deduced from the evidence a t present a v a i l -

; .able. Outside 
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able , Outside the 5,200 f o o t contour l i n e there i s , s o 
far,no evidence o f the c o n t i n u a t i o n o f these p y r o c l a s t i c s 
and lafee sediments except t o the east and south-east 
'where they outcrop between Smbakasi'and A t h i Hiver. This 
does not n e c e s s a r i l y mean t h a t they do not e x i s t west and 
south of t h i s l i n e , but i f they do, they havanot y e t been 
reached by boreholes." This would be q u i t e n a t u r a l i n view 
of the general r i s e i n surface l e v e l t o the west, and t h e , 
i n c r e a s i n g thickness o f the superimposed v o l c a n i c s which' 
would have to be penetrated before reaching the l e v e l a t 
which the sediments might be expected t o occur. Compar-. 
i s o n o f the confined water 16vel contours w i t h those o f 
the base o f the A t h i Plains Phonolite shows t h a t , the thick
ness of the unproductive l a y e r at the base of the Jftionol-
i t e s v a r i e s considerably, arid i n d i c a t e s t h a t the f i n e -
:grained sub-aqueous t u f f s were l a i d down upon a somewhat 
uneven surface o f lake sediments, g e n e r a l l y deeper i n the 
centre than on the matgins , as would n a t u r a l l y , be expect
ed. The A t h i P l a i n s Phonolite l a t e r flowed over a f a i r l y 
even surface, the only depressions shown being one i n the 
neighbourhood .of Ruaraka i n the n o r t h e a s t corner, and. an
other u n d e r l y i n g the C i v i l A&rodrome area i n the south
west. 

A d e t a i l e d surface contour map w i l l no doubt show,-; 
when more evidence i s a v a i l a b l e , t h a t the confined water 
t a b l e contours swing up streams and' down r i d g e s , i . e . they 
w i l l r e f l e c t the surface topography. 



78. 
I t i s also noted (PlatelVsSS) t h a t the s t a t i c and 

confined .water t a b l e contours are c l o s e r together i n . the 
•northern h a l f o f the are.a than they are i n the south, the 
measufced gr a d i e n t s being approximately as -follows :-. 

Northern•section-Confined water contour 1:26 
S t a t i c water contour 1:35 

Southern section-Confined water contour 1:72 
S t a t i c water contour 1:«4" 

The same observation a p p l i e s t o the general surface g r a d 
i e n t — n o r t h e r n s e c t i o n 1:53 arid-southern s e c t i o n 1:^11. 
I t has been noted too t h a t the main spreading, e f f e c t :on:-
the contours occurs on a l i n e n a r k i n g approximately the 
southern l i m i t of the flow s o f Limoru 2rachyte..Spreading 
also occurs i n the north-east corner where the Limoru' 
Trachyte t h i n s out against the u n d e r l y i n g ITairobi Trachyte 

The "Road !*ap ffo. 5. (Plate :5Z) shows the approximate 
• i . 

l o c a t i o n of. the boreholes on which the evidence f o r the 
com p i l a t i o n of the water t a b l e contour maps i s based. 

The f o r e g o i n g a n a l y s i s .of the r e s u l t s of. d r i l l i n g i n 
the ITairobi are"a shows t h a t the p o r t i o n o f the whole i n 
which d r i l l i n g has so f a r given poor r e s u l t s i s small and 
r e s t r i c t e d t o t h a t s e c t i o n having t h i c k f l o w s o f N a i r o b i 
•Trachyte, exposed a t the surface 1. This area i s roughly ' 
south of the Kabete road from Kabete S t a t i o n eastwards t o . 
the Show Ground and southwards. t o the Langata-I'Ibagathi 
area,, i n the form otff a. rough rectangle measuring some 
5 miles from east t o west and 6 miles from n o r t h t o south. 

I t 
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I t i s thought l i k e l y by the w r i t e r t h a t even t h i s area 
would prove t o be a u s e f u l producer i f deeper boreholes, 
than usual, say t o 700 or 800 f e e t , were d r i l l e d . . Pump
i n g however, from such depths may be a matter o f some 
d i f f i c u l t y even though the pressure head, p a r t i c u l a r l y i n 
the centre o f the area, i s l i k e l y t o be" higher than the 
average outside t h i s r e s t r i c t e d s e c t i o n . 

Other p o r t i o n s o f t h e N a i r o b i area give an unusually 
h i g h percentage o f good y i e l d s from dopths o f less than 
400 f e e t . 

I V ( h ) - THU LAO S5DIM5NTS. ' 

Reference has already been made t o the existence o f 
o l d lake sediments interbedded w i t h the vo l c a n i c s a t sev-' 
e r a l d i f f e r . n e t horizons and also, i n the case o f the 
younger.deposits o f the R i f t V a l l e y , o v e r l y i n g the volcan
ics.. Although the number o f boreholes considered i n t h i s 
s e c t i o n i s - s m a l l , many successful holes c r e d i t e d t o the 
vo l c a n i c s should p r o p e r l y be placed i n t h i s s e r i e s , since 
the bulk o f t h e i r water i s derived from i t . •.-

A considerable amount, o f work-, has .been done on the . 
lake deposits o f Kenya by such workers as Gregory, Leakey, 
R i l s s q n , Solomon and ̂ uchs, but the c o r r e l a t i o n of the 
beds i n d i f f e r e n t p a r t s o f theColony i s s t i l l not s a t i s 
f a c t o r i l y s e t t l e d . Other problems av/aiting s o l u t i o n are 
the age of the o l d e r members of thu s e r i e s and the recon
s t r u c t i o n o f - the p h y s i c a l geography and c l i m a t i c c o n d i t 

ions a t 
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ions a t the time they were deposited. 

•These lake deposits have a wide d i s t r i b u t i o n i n Ken
ya from Lake Rudolf i n the n o r t h t o the Tanganyika border 
i n the south and also occur s p o r a d i c a l l y outside the con
f i n e s o f the R i f t V a l l e y . S i m i l a r lake beds are known i n 
Tanganyika, Uganda and Hyasaland. 

Gregory's type area f o r the o l d e s t lake beds seen by 
him i n Kenya, th?. Kamasian Beds, (1921 p. 199) i s at. the. 
f o o t o f the.Kamasian Range west o f Lake Baringo. From 
t h e i r p o s i t i o n here i n r e l a t i o n t o the v o l c a n i c sequence, 
he placed them i n h i s ITyasan d i v i s i o n which he considered 
t o be ogvOligocene age. The beds here are f i n e - g r a i n e d 
s i l t s , and clays interbedded w i t h coarse g r a v e l and bould-
ery beds, the pebbles of which are deri v e d from older l a v 
as, the whole se r i e s being l a i d down i n what he c a l l e d 
Lake Kamasia. .They are o v e r l a i n by b a s a l t and t r a c h y t e 
f l o w s . S i m i l a r beds exposed i n the w a l l s o f the Njbrowa 
Gorge: south o f Lake Naivasha were thought by Gregory t o 
have been formed i n the southern end o f t h i s g r e a t lake 
or i n a contemporary:.independent l a k e . Both s e r i e s were 
t e n t a t i v e l y c o r r e l a t e d by him M t h the Kamngu Beds o f 
the Kavirondo Gulf of Lake V i c t o r i a . Leakey (1934) sugg
ested an even g r e a t e r lake t h a n t h a t o f Gregory to account 

f o r the very widespread d i s t r i b u t i o n o f the lake beds 
a lake s t r e t c h i n g from the n o r t h end o f Lake Rudolf t o the. 
south of Lake Uatron and d i v i d e d from a f u r t h e r southward 
extensionjthrough Lakes ^ y a s i and Manyaray by a narrow 

• •• s t r i p 
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s t r i p o f high ground. An arm o f t h ^ lake opened out 
from the southern end and spread out t o in c l u d e Lakes 
V i c t o r i a , George and A l b e r t . The deposits on which Leak
ey based h i s conception are now known t o be o f w i d e l y 
d i f f e r i n g ages i n v a r i o u s p a r t s of the area, and, as i T i l -
sson had p r e v i o u s l y p o i n t e d out (1932), the many d i s c o r d -

. ances i n d i c a t e t h a t they were deposited i n a s e r i e s of 
lakes r a t h e r than i n one l a k e . 

The age o f the Kamasiah Beds i s s t i l l u n c e r t a i n . Greg
ory, as s t a t e d above, considered them t o be o f Oligocene 
or p o s s i b l y Lower Miocene age, but a l l the a v a i l a b l e e v i d 
ence i n d i c a t e s t h a t they are not o l d e r than Miocene and 
t h a t a considerable p a r t of the s e r i e s i s Pleistocene i n 
age (see also p. 48 ) . 

According t o Leakey (1935), the Kamasian p e r i o d 
closed w i t h a p e r i o d o f d e s s i c a t i o n which coincided w i t h 
g r e a t e a r t h movements producing f a u l t s w i t h a throw o f 
.over 2,000 f e e t i n many places. This v/as f o l l o w e d by a 
second p l u v i a l p e r i o d known as the Gamblian, d u r i n g which 
more lake beds were deposited, and l a t e r s t i l l by two •' 
s o - c a l l e d p o s t - p l u v i a l wet phases known as the Makalian 
and Makuranj the l a t t e r being post-Pleistocene i n age. 
The Gamblian and Makalian ate both.Upper Pleistocene. 
This concept o f p l u v i a l periods t o account f o r the former 
existence o f much more extensive lakes than those o f the 
present day i n Kenya has .been used by Wayland (1932 and 
1933) t o account f o r the r i s e i n l e v e l o f these lakes i n 

the 
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the past, w i t h s p e c i a l reference t o Uganda. He was followec 
by Leakey and. Solomon i n t h e i r work i n Kenya and Tangan
y i k a , who i n t e r p r e t e d the observed phenomena on the same 
l i n e s . Solomon (1939 ,p.40),however, now considers t h i s 
hypothesis t o be e n t i r e l y unnecessary and says t h a t much 
of h i s recent work i n East A f r i c a forces him t o the be
l i e f t h a t many of the phenomena .ascribed by Wayland t-o 
c l i m a t i c agencies may j u s t as- e a s i l y be explained by 
e a r t h movements. He p o i n t s out t h a t a c o m p a r i t i v e l y .small 
change i n r a i n f a l l would be competent t o produce great 
a l t e r a t i o n i n the area o f lakes l i k e the present day :Lake 
ITaivasha and Hakuru as i s i n d i c a t e d by the recession o f 
both these lakes i n the present century; also t h a t the 
h e i g h t o f the Gamblian sediments i n t h i s area above the 
present lake l e v e l s may w e l l be due t o post-Gambiian .earth 
'movements, the importance of which were p r e v i o u s l y under
estimated. He. considers, however, t h a t the o l d e r Kam'as-
i a n sediments may have owed t h e i r o r i g i n , p a r t i c u l a r l y i n 
the case o f the t o r r e n t i a l gravels and boulder beds, to 
g r e a t l y increased r a i n f a l l c o n d i t i o n s , though Lake ICamasiSL 
i t s e l f must have owed i t s o r i g i n ' t o physiographic r a t h e r 
than c l i m a t i c f a c t o r s . 

The lake deposits associated w i t h the Gamblian, Mak-
a l i a n and Hakuran phases are mainly o f f i n e - g r a i n e d mater
i a l , and c o n t a i n e x t e n s i l e deposits o f d i a t o m i t e a t more . 
than one ho r i z o n . I t i s i n these l a t e r lake deposits 
that, most o f the boreholes; considered i n t h i s s e c t i o n 

have 
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have been sunk. 

The question o f t h * comparative age o f the extensive 
series' o f lake deposits u n d e r l y i n g the A t h i P l a i n s Phono
l i t e i n the I f a i r o b i area introduces a compl i c a t i o n i n t o 
Gregory's c l a s s i f i c a t i o n ( f o l l o w e d by Sikes 1939) o f the 
age of the v o l c a n i c beds here. I f , as s t a t e d by these two 
w r i t e r s , the A t h i P l a i n s Phonolite i s Doinyan i n age, i t 
f o l l o w s t h a t the lake deposit's are o l d e r than Hyasan^ i e . 
o l d e r thanVhe o l d e s t Kamasian seen by Gregory. I t - would 
appear f a r more l i k e l y t h a t the p h o n o l i t e i s the base o f 
the L a i k i p i a n s e r i e s of Gregory r a t h e r than~a represent
a t i v e of the Doinyan, i n which case these lake d e p o s i t s , 
composed of sandy beds and b e n t o n i t i c clays o v e r l a i n by 
fi n e - g r a i n e d t u f f s of sub-aqeous o r i g i n , would represent 
Gregory's Kamasian. 

The lake beds, as a whole, from the Karaasian t o the 
more recent Nakuran beds, have been proved by d r i l l i n g t o 
be extremely u s e f u l water-bearers, g i v i n g u s u a l l y higher -
than-average' y i e l d s at' comparatively shallow depths. Nine 
holes have been sunk i n them apart from those p r e v i o u s l y 
mentioned which starred- i n the v o l c a n i c s and passed down 
i n t o the o l d e r lake beds below. Of these, 8 were successful 
w i t h an average depth o f 326 f e e t . V/ater was st r u c k a t 

an average depth of 242 f e e t under an average h y d r o s t a t i c 
head of 114 feet,, the average t e s t e d y i e l d being 1,900 
g.P.h. ; 

Further d e t a i l e d . r e s e a r c h i n t o the r e l a t i o n s o f the 

lavas and the lake sediments -of various ages should open 
up 
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up p o s s i b i l i t i e s f o r successful b o r i n g where a t the mom
ent good r e s u l t s have been d i f f i c u l t t o o b t a i n . 

Work along these l i n e s has already b e e n ' i n i t i a t e d i n 
the Colony"and should be of great value i n the f u t u r e . 

I V ( i ) - ELIOC7BT5 TO H^C^TT' FflPOSITS OF THE COASTAL AREA. 

This s e c t i o n deals w i t h the Recent sand dunes, sands 
and c l a y s , Pleistocene c o r a l limestone, the K i l i n d i n i 
Sands and shales o f Pleistocene age, the Pliocene s h e l l 
• crag, and Tlagarini Sands which o v e r l i e the Jurassic shales 
and limestones o f the c o a s t a l crea. This area has been 
upraised i n stages t o at l e a s t SO f e e t above seas-level i n 
c e r t a i n places, and i t was.probably the l a s t o f these up
l i f t s which r a i s e d the Pleistocene c o r a l limestone above 
the water l e v e l , thus k i l l i n g the c o r a l s which formed i t . 

S ixteen boreholes have been sunk i n these deposits, 
.7 o f which gave supplies o f potable water. The remaining 
9 holes a l l gave water too s a l i n e f o r use. Two o f the 
successful holes, d r i l l e d a t the Government S t a t i o n a t 
K i l i f i , n o r t h of "ombssa, also gave s a l i n e water a t depths 
of 115 and 147 f e e t r e s p e c t i v e l y , 'but when t h i s was cased 
oflf and d r i l l i n g continued, brackish but potable water 
was obtained a t depths o f 250 and 25S f e e t respactively. 
Two other' success f u l holes were sunk i n the K i l i f i d i s 
t r i c t , both g i v i n g supplies of the order o f 3,000 g.p.h. 
on t e s t . The remaining 3 successful holes were sunk i n 
the c o r a l limestone o f T'ombasa I s l a n d and gave e x c e l l e n t 

r e s u l t s 



r e s u l t s a t shallow depth "but w i t h very low pressure heads* 
The average- dearth of the successful holes was 149'.feet, 

w i t h water'struck a t an average depth of. 142 f e e t , r i s i n g 
under pressure to'.within 36 f e e t o f the surface. The aver-
age t e s t e d y i e l d was 2,250 g.p.h.' 

Two deep boreholes, iTos. IS and 58, which were un
successful, are thought by Sikes t o have passed down i n t o 
the Jurassic shales, though the d r i l l e r ' s logs are not 
s u f f i c i e n t l y d e t a i l e d to prove t h i s . On s t r a t i g r a p h i c a l 

i 

grounds,however, he suggests t h a t the t r a n s i t i o n was prob
ably a t a depth of between 200 and 300 f e e t . 

Large supplies of f r e s h water are also obtained from 
shallow-wells i n the c o a s t a l area i n a l l these v a r i o u s 
rock types, the main producer being the c o r a l limestone, 
while.important,though u s u a l l y small, supplies are also 
obtained from t h i n l a y e r s o f f r e s h water l y i n g on the 
s a l t water i n the c o a s t a l sand dunes i n many places. 

V- SUMMARY OF BORING STATISTICS FOR TT-TH VARIOUS 
GEOLOGICAL FORTIATIOITS? 

'z. As w i l l be seen from the accompanying schedule of 
boreholes (Table V I I ) , the m a j o r i t y o f the borehole's 
d r i l l e d were s i t e d i n e i t h e r the Basement Complex or the 
Kainozoic v o l c a n i c s (160 and 245 i n number r e s p e c t i v e l y ) , 
l e a v i n g 100 other holes d i s t r i b u t e d amongst the r e s t of t 

the formations. I n these two groups the percentage successes 

are 
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are p r a c t i c a l l y i d e n t i c a l (68.1 and 68.2 r e s p e c t i v e l y ) . 

I n the 109 successful holes i n the Basement Complex j" 
water, was struck a t an average depth o f 139 f e e t under a a 
average h y d r o s t a t i c head of 57 f e e t , the average t e s t e d 

. y i e l d was 1,000 g.p.h. Four boreholes i n the fo r m a t i o n 
gave water too s a l i n e f o r use.. 

I n the 167 successful holes i n the v o l c a n i c s , the ~.\ 
average depth t o water, average h y d r o s t a t i c head and aver
age t e s t e d y i e l d are a l l considerably higher than i n the 
Basement Complex, the r e l e v a n t f i g u r e s being 248 f e e t , 
99 f e e t and 1,500 g.p.h. No borehole i n t h i s f o r m a t i o n '. 
gave water too s a l i n e f o r use. 

I n the.Duruma Sandstone Series, 16 holes were d r i l l 
ed of which 13 were successful', though now,n due e i t h e r t o 

i 
ovei*pumping or p o l u t i o n by s a l i n e water a t shallow depth, 
the water from s i x o f the o r i g i n a l l y successful, holes 
has become too s a l i n e f o r human consumption. T̂o other 
holes i n t h i s f o r mation gave s a l i n e v/ater when f i r s t d r i l l 
ed. -\ 

The Jurassics o f the c a a s t a l area and the W a j i r -
3 1 Wak area of the Northern F r o n t i e r D i s t r i c t ' g a v e very 
poor r e s u l t s , two holes only o f the 10 d r i l l e d being 
successful.'and these produced an average o f only 240gp^. 

The only hole d r i l l e d i n the Turkana G r i t s gave a 
y i e l d i n excess o f 3,000 g.p.h. (the maximum capacity o f 
the t e s t pump used), a t a depth of 94 f e e t , but w i t h a 
h y d r o s t a t i c head,of only 4 f e e t . 
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The M e r t i "Beds and Habaswein Deposits (which are sim

p l y r e s o r t e d T l e r t i Beds) have y i e l d e d poor, r e s u l t s , 12 
holes only o f the 48 d r i l l e d being successful. These dep
o s i t s are now thought to be o f Jurassic age i n the eastern 
s e c t i o n and o f Pliocene age i n the western s e c t i o n as a 

- i 

r e s u l t of recent work by Dr. P. Dixey. Two boreholes i n 
the M e r t i Beds produced water too s a l i n e f o r use. The^ 
average depth of the 12 successful holes was 164 f e e t , 
water being s t r u c k a t an average depth o f 156 f e e t , r i s 
i n g under prescure t o 1^5 f e e t and y i e l d i n g on t e s t an 
average o f 567 g.p.h. 

The Lake Sediments, i n which 9 holes were d r i l l e d , 
gave 8 successful r e s u l t s w i t h the high a v e r a g e . y i e l d o f 
1,900 g.p.h. from an average depth o f 242'feet, under a 
h y d r o s t a t i c head o f 114 f e e t . As p r e v i o u s l y s t a t e d , many 
holes considered under the heading of the v o l c a n i c s should 
p r o p e r l y be placed i n t h i s s e c t i o n since t h e i r water i s 
derived from the lake sediments, but i t has been found : 
more convenient t o . c l a s s i f y them i n the f o r m a t i o n i n : 
which they were d r i l l e d a t the surface. 

I n the Pliocene t o Recent deposits o f the coas t a l 
area, 7 boreholes o f the 16 d r i l l e d were successful, the 
remainder g i v i n g l a r g e q u a n t i t i e s o f h i g h l y s a l i n e water. 
The average depth t o water i n these deposits was 142 f e e t 
the r e s t l e v e l being 86 f e e t and the average t e s t e d y i e l d 
2,250 g.p.h. Large amounts o f water are also drawn from 
these deposits by means o f shallow w e l l s a l l along the 
coast. 
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I t w i l l be seen from the above summary of r e s u l t s 

that borehole supplies i n the Colony as .a whole are of 
potable quality, IS holes only yielding water too highly 
mineralised for use, as against 313 yi e l d i n g potable . 
water. The majority of the saline holes were drilled.-.'near 
the coast. 

Supplies from.individual boreholes are not high but 
t h i s i s to be expected from the- p r e v a i l i n g geological 
conditions, which are not conducive to the formation of 

^..a^jjesian basins of any magnitude.. Locally, artesian cond-
i t i o n s do e x i s t , as recently proved near Athi River. 
S t r i c t l y speaking, a l l the borehole supplies are artesian 
i n character i n that they a l l have a positive hydrostatic 
head, but only three cases are known i n which the water 
rose above ground l e v e l naturally. 

I n addition to the summery of r e s u l t s to date, f i g 
ures are given in parenteses for comparison purposes, 
which indicate r e s u l t s obtained to 1932 (compiled from 
Sikes 1931). A consideration of both sets of figures shows 
only minor variations i n the- general averages, except that 
subsequent boring has. increased the : figure for average ':. 
da i l y y i e l d by some 3,000 gallons' per day. This increase 

, i s mainly due to the r a i s i n g of the figure for the average 
y i e l d of holes.in the volcanics by some 4,200 gallons; per 
day. The percentage' success for d r i l l i n g i n the l a t t e r 
formation has r i s e n from 54 to while that for the Base
ment Complex has f a l l e n from 76 to £.8. 
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I t i s to be expected that as more detailed knowledge 

of geological and hydro.logical conditions for the various 
formations i s accumulated, greater percentage success 
w i l l be obtained i n most of the geological formations i n 
the Colony, by the elimination of unsuitable and un l i k e l y 

j 
s i t e s by the geologist or geophysicist concerned with 
t h e i r choice. ' 
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I - INTRODUCTION. 

The Marsabit-Mega road forms the most d i r e c t l i n k 
t 

between the north-central portion of the Northern Frontier 
D i s t r i c t of Kenya and the south-central portion of Abyss
i n i a , and i s part of the main north road from Nairobi to 
Addis Ababa. From Marsabit, roughly 100 miles south df the 
border, the' road runs i n a north-north-westerly direction 
to the southern slopes of the Huri H i l l s i n the neighbour
hood of Kalacha, where'.it swings to the north-north-east 
through these h i l l s to the border at Mt. F u r r o l i and;from 
thence some 35 miles to Mega i n Southern Abyssinia. 

The following notes were compiled from observations 
made on the geology while geophysical work i n connection 
with the s i t i n g of boreholes.was.being carried out at 
various points along and adjacent to the new road alig n 
ment in February 1941, during the course of the Hast A f r i 
can Campaign. A considerable number of representative 
rock specimens were s l i c e d and microscopically examined 
at the Department of Mines and-Geology, Nairobi. 

" I I - GENERAL GHOLOGY. 

From Marsabit to mile 40, the road passes over a 
volcanic' area, and after leaving the neighbourhood of 
Marsabit Mountain at about mile 12, the country becomes $ 
i n general, f l a t and uninteresting, the only topographic 
features' being isolated cones of ash and agglomerate and 

occasional 
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occasional low flat-topped ridges'and tongues of blocky 
scoriaceous lava, ^ c h s (1939) mapped a l l these lavas as 
Upper Pleistocene, basalts. The harder and more r e s i s t a n t 
basalts form the f l a t . o r gently undulating country, while 
the softer ashes and agglomerates usually stand out as 
low h i l l s or cones. Since the py r o c l a s t i c s are, 'on tise 
whole j - r e l a t i v e l y soft and unconsolidated, but yejj form 
the main topographic features, i t i s obvious that they n 
must be younger than the basalts. Sand dunes are i n proc
ess of formation from mile 35 to mile 40, above the lavas, 
the sand apparently being derived from the sedimentary 
area immediately to the north. 

At mile 40, i n the neighbourhood of Haid'ahad, the 
road leaves the volcanics and traverses sediments to mile 
55 with no 'appreciable change i n l e v e l at the boundary. 
To the east of the road, the lavas overlie the sediments, 
and have a thickness of about 40 feet at the end of the 
flows. This area of sediments i s gently undulating and 
f a l l s away gradually to the west to the general l e v e l of 
the Chalbi Desert. Some of the ridges crossing i t have 
a thin skin of scattered residual lava boulders but!,the 
whole area may be mapped as sedimentsyolder than the 
lavas. The sediments are massive and probably flit-bedd
ed, "and are extremely variable i n composition. Well-con
solidated sandstones, g r i t s and pebbly g r i t s , whichjin 
places become almost conglomeratic, make up the greater 
part of the outcrop, but there are also numerous small 

l e n t i c u l a r 
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l e n t i c u l a r bodies of blood-red fine-grained jasper i n t e r 
calated with the sediments. Similar material i s present 
as pseudo-veinlets, together with spherical concretionary 
growths of yellowish-brown amorphous s i l i c e o u s material. 
These occurrences appear to be solution deposits, probab
l y from hot springs, which have i n part replaced the!sed
iments.- The'finer grained sandstones are mainly composed 
of sub-rounded clear or iron-stained quartz grains-, while, 
as the material becomes coarser, the proportion of angular 
quartz increases. The pebbles i n the pebbly g r i t vary 
from per f e c t l y rounded to angular and many appear to be 
dreikanter. There are also occasional rounded pebbles 
of- somewhat decomposed, fine-grained, purplish-blue mat-
e r i a l which appears to.be a lava.. Unfortunately a l l 
specimens of t h i s material collocted were, too-decomposed 
for microscopic examination. Pebbles, mainly of quartz, 
and up to two inches i n diameter , are scattered over.a 
'considerable part of t h i s area and were presumably de
rived from the more pebbly f a c i e s of the sediments. At 
the foot of th'i lavas' east of the road at mile 45, i s a 
f a i r l y extensive surface deposit of yellowish-brown amor
phous materiel carrying scattered quartz grains which are 
usually small, sub-rounded and_ iron-stained. I t i s hard 
but extremely b r i t t l e and has probably been deposited . 
from a hot spring iscuJfing from the base of the lavas. 

The sandstones show many small, polished and apparr-

ently slickensided surfaces which possibly indicate small 

scale1-
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scale f a u l t i n g or slumping during consolifiation. ITo foss
i l s v/ere found i n t h i s l o c a l i t y so an accurate age deter--
urination i s difficult.;! They appear to be younger than the-
Turgana G r i t s found'west of Lake Rudolf and' thought by 
Fuchs to be of Miocene age, and are d e f i n i t e l y younger 
than the e a r l i e r lava flows, since lava fragments are 
found i n them. I t seems l i k e l y that they correspond "bo 
the Lower and"3arly MiddlesPleistdcene Lake Beds i n Fuchs 
c l a s s i f i c a t i o n (1939) since they are followed by at i e a s t 
one further period of v u l c a n i c i t y . This view i s supported 
by the recent discovery by Dixey of mammalian remains i n 
s i m i l a r beds not f a r to the south-west of t h i s occurrence 
which, according to him, belong to the upper part of,the 
Lower Pleistocene (personal communication). 

At mile 55,near Tlaikona, the road leaves the sedim-
. and' . 

ents/again passes on to volcanics, with a r i s e of 30 to 
40 feet. For some considerable distance onwards the country 
i s f l a t and featureless, covered with large lava boulders, 
and with occasional tongues and low flat-topped ridges 
of highly-vesicular blocky lava which breaks up into 
roughly rectangular blocks rather than into the more us
u a l rounded boulders produced by the weathering of the 
l e s s v e s i c u l a r type forming the f l a t country. I t would 
appear that these lava tongues are the l a t e s t phase .of 
the plateau type of extrusion i n i h i s l o c a l i t y , with the 
material o r i g i n a l l y an a highly viscous state and contain
ing a higher percentage of v o l a t i l e s than the older types. 

Vesicle. 
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Vesicle f i l l i n g s of c a l c i t e are common i n the lavas- and • 
the ridges also show many small c i r c u l a r shafts, some s i x 
to eight feet i n diameter, which may be late dry explos
ion vents. . 

Ash and agglomerate cones become more common as the 
• Huri H i l l s are approached and the peaks of t h i s isolated 
range are a l l formed of pyroclastic material. On the 
southern slopes of the K i l l s , the commonest lava type i s 
an olivine-basalt with an extremely fine-grained black 
groundmass carrying small euhedral piienocrysts of olivine-
Along the top of the range and down i t s northern slopes 
the basalts are .of a highly-vesicular slaggj type, the 
vesicHes of which have been flattened and elongated toy 
the movement of the lava. The lavas continue along the 
f l a t , low-lying'country from the foot of the Huri H i l l s 
to the border, where the inselberg mass of granite which 
forms Mt. F u r r o l i and Mahier emerges through the lavas. 
I n hand specimen t h i s granite i s usuallyna fresh-looking, 
coarse-grained b i o t i t e type but finer-grained and probally 
marginal types are also present. The. isolated masses of 
Ulan, S l l e Dimtu and Kwial are also of granite, while 
smaller occurrences are scattered south of Fufcroli. 

From the top of the low col between F u r r o l i and 

- Mahier, the ground f a l l s away gently for several miles-
down to a broad lava plain,, but the granits are. again i n 
evidence some 5.5 miles from the top of the c o l . .Isolated 
cones of ash and agglomerate and ridges of Highly-vesic

u l a r basalt 
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basalt stand out from the f l a t s and these features i n -
crease-in number about 15 miles from F u r r o l i , producing 
a very broken topography. J u s t south of Magada, oasalts 
carrying roughly spherical xenoliths of pale-green, coarse 
l y c r y s t a l l i n e dunite and augite-perdldotite occur. About 
0.5 mil-e west, of t i e road at Magada i s a c i r c u l a r crater . 
some 300 feet deep, narrowing from about 1,200 yards i n 
diameter at the top to some 700 yards at the bottom. The. 
lake at the bottom of the crater i s highly saline and 
marked on the topographic map as a soda or s a l t mine. 
From the -midc'les of the lake r i s e s a mud cone with a blow
hole i n i t s centre which appears to have been recently 
formed. The odour of sulphur dioxide i s c l e a r l y notic-
able from the l i p of .the Tzrater, while on i t s outer slope 
ejected blocks of various rock types occur, including 
granites similar to those cf Turr-oli and basalts with 
u l t r a - b a s i c xenoliths. 

A few»miles north-east of ITagada the Tasc scarp i s 
reached, r i s i n g steeply for some 1,300 feet, after which 
there i s a further gently r i s e for several miles to the 
foot of-the. steep Ilega h i l l s . The scarp i t s e l f i s guard
ed by three large cones with craters which have, i n a l l 
probability, been formed along a f a u l t plena or plane, of 
weakness roughly p a r a l l e l to fhn main f a u l t of the scarp. 
The road i s cut i n volcanics to'jthe top of the scarp but 
immediately to the east, acrosc- a sharp l i t Me gully, 

gently dipping gneisses form the whole height c f the scarp. 
This 
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This would appear to indicate a second f a u l t roughly at 
right angles to the scarp f a u l t . The volcanics are a., 
se r i e s of ashes , agglomerates and "basalts with abundant 
large green coarsely c r y s t a l l i n e xenoliths, while, the 
gneiss i s a hcrnblendic type vhich does not appear to 
have be i n subjected to any great pressure tmd deformat
ion. Small pegmatite' veins are*common i n the .omeiso, with 
b i o t i t e as t h e i r main constituent. 

7ron the top-of the main scarp to. within some o: miles 
of Mega, narrow tongues of bouldery basalt cross the : road 
and a l l fade out at•short distances east of i t . From t h i s 
point to the foot of,the Mega h i l l s , gneiss outcrops are 
common and these rocks underlie a l l the gently undulating 
country i n t h i s neighbourhood. Yolcanics are again i n 
evidence near Megp, but as the r rega sheet was not a v a i l 
able at the time c f the examination, t h i s area was not. 
mapped. The volcanics here, however, are sim i l a r to those 
seen west of the road above the scarp end to those on. the 
plains between F u r r o l i and r7ass, and are, i n a l l probab
i l i t y , younger than f-e lavas of the scarp i t s e l f . 

I l l - PETROLOGY. 

(a) The Granites of F u r r o l i and Magada and the.. Granite-
gneiss of the Tags Scarp. 

Specimens ^K/G and HK/9 are t y p i c a l of the p r i n c i p a l 
•types of the acid plutoriics making up the masses of Turr-
o l i , Mahier, 311a Dimtu and Kv/ial, which project as 

rugged , 
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.rugged-toothed ridges through the volcanics. 
HK/8 i s i n hand specimen aifc coarse-grained glomeropor-

• Co k~ 

p h y r i t i c leujcratic rock with smal.ltji sporadically d i s t r i b 
uted c l o t s of b i o t i t e making up a maximum of 5£ of the 
rock. Felspar phenocrysts up to 5 mm. in' length' are comm
on, and occasionally reach a length of 2 cm. I n thin s e c t 
ion the rock i s se^n to be of interlocking granular text-

i n 
ure with quartz and felspar/roughly equal proportions. 
The quartz i s usually water-clear but occasionally con-

minute 
t a i n s p a r a l l e l strings of bubbles and/inclusions. The , 
inclusions appear as hexagonal colourless c r y s t a l s with 
high r e l i e f and straight extinction, suggesting zircon 
or apatite. The felspars are microcline,•perthite and 
oligoclase, the f i r s t two being somewhat cloudy and the 
l a t t e r quite c l e a r . The oligoclase i s s l i g h t l y l e s s common 
than the micro.cline and shows a maximum extinction angle 
i n sections perpendicular to 010 of 9° with/*- greater 
than Canada balsam and less- than that of .quartz, indic
ating that . i t s .composition i s Ab^An^. B i o t i t e , which 
i s pleochroic from yellowish-brown to pale-greon to dark-
green, i s the only mafic mineral present and shows some 
alt e r a t i o n to chlorite.' This a l t e r a t i o n i s associated 
with a certain amount of magnetite and reddish-brown 
haematite. Quartz and felspar are p o i k i l i t i c a l l y i n t e r -
grown with the b i o t i t e which i s always much corroded.,' 
Accessory minerals present are mainly iron ores i n small 

..corroded' 
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corroded c r y s t a l s and aggregates, togs tenor with occas
ional idiomorphic or s l i g h t l y rounded zircons. This rock 
i s classed as a quartz-rich b i o t i t e - g r a n i t e . 
Trr</9 i s nuch f i n e r grained than the rock j u s t described 
and i s a sugary lev.cocratic t.ype v:ith more b i o t i t e which 
i s spread evenly throughout the rock. Alteration of both 
felspars ?no'. Motite has proceded much further than i n 
the previous specimen. Quartz and fel s p a r are again pres
ent i n roughly equal amount and mako.up some 755!- of the • 
rock. The, felspars'include 2<aolinised orthoclase, micro-
c l i n e , perthite and oligoclase, a l l of which r.rz tv inr.ed. 
The a l k a l i f e l s p a r i s r e l a t i v e l y les:; i n amount than: i n 
HX/S..' Bio t i t e i s the only mafic mineral and i s exten
s i v e l y altered to give ragged masses of chl o r i t e with 
associ^tec 1 magnetite. The accessories are zircon and 
magnetite, the general grain size' of the former being 
l e s s then i n ̂ / S . This rock i s a f inc-grained potassic 
biotite-granite and i s probably a marginal type. 
"JK/10T which i s s i m i l a t i n hand 'specimen to >?K/3, .was 
collected from the outer slopes of the !sagada -crater and 
i s apparently an ejected block from t h i s crater. Tn 
thin section quarts and fel s p a r occur i n approximately 
equal. amount' and make up some 3C£';6f the rock. T^icro-
c l i n e i s the predominant felspar, ac^ompanier] by very 
l i t t l e perthite and not more th^n 2? of oligocla.se. The 
microcline is. s l i g h t l y cloudy and sometimes encloses 
smaller sub-rounded quartz grains showing a reaction rim 

" of 
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of c l e a r felspar (probably orthoclase) between themselves 
and the microcline. Highly corroded separate fragments 
of quartz eneloped i n the felspars are o p t i c a l l y contin
uous over considerable areas. B i o t i t e i s present only'in 
minor "amount'and i s usually c h l o r i t i s e d . Magnetite, most
l y primary, forms some 15 % by.volume. A l i t t l e secondary 
.magnetite is.associated with the c h l o r i t i s e d b i o ^ t i t e . 
Zircons are more abundant than; usual; they occur i n and 
around the borders of the idiomorphic magnetite. This 
rock-, i s a biotite-microcline-granite. 

The fine-grained'leucocratic hornblende-granite-
gneiss of the Tass Scarp i s somewhat sim i l a r i n appearance 
raegasc.opically to the above granites. I t i s represented 
by specimen HK/2S, which has a t i n y v e i n l e t of quartz and 
b i o t i t e through i t and shows prominent banding of the maf
i c minerals. M i c r o s c o p i c a l l y "the rock i s seen to be f a i r 
l y c o a r s e l y xenomorphic granular i n texture, with quartz 
and microcline as the dominant constituents, quartz" being 
s l i g h t l y i n excess of the f e l s p a r . Smaller grains o f ' o l i g -
oclase occur i n t e r s t i t i a l l y , while per-thitic .intergrowths 
of microcline and quartz are common. The microcline us
u a l l y shows cloudy a l t e r a t i o n products. The maim, mafic 
constituent i s a pleochroie brown to dark-green hornblende 
with extinction angle Z \ c of 15°. A l i t t l e brown bifctite 
i s developed and i t s s l i g h t a l t e r a t i o n to c h l o r i t e i s 
associated with a l i t t l e magnetite. P l e n t i f u l idiomor-ohic 

* 
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or s l i j h t l y rounded colourless zircons and rarer r u t i l e 

v/hich »ncios28 z ircons, ore pr-sent as accessories. Mag

n e t i t e i s plso present i n s l i g h t amount. 

(b) The basalts between r i l e : 55 and Tfile 30,. 

The tvo specimens describee1, below arc- t y p i c a l of ; the 

two ma?"n typos. oc<"vrrin,j s.lon^ t h i s s t re tch of road. 

H^/3 .was co l l ec t ed noEr the K>lacha road j unc t i on and i s 

a fine-£ro.ino;2, dar^-^eey ves icular type v ; i th phenocrysts 

of da rk -£ reen glacfrj o l i v i n e up to 2 nn, i n length . The 

vesicles are l i n e d v / i th c a l c i t e . I n t h i n sect ion, pheno-

crysts p"f 'serpentinised o l i v i n e and t i n y l^ ths of clear 

twinned p l a f ioc l a se f e l spa r are set i n a c ryp toc r^s t a l l ine 

m a t r i x . o f magnetite and small, usua l ly sub^hedrr.l,prisms 

of palo yellowish-jreen- pyroxene. Ol iv ine phenocrysts show 

euhedral to subhedral corroded forms.wi th almost always 

a serpentinised zone round t h e i r bor^ders and sometimes-

alon£ i r r e g u l a r cracks. Ha^netite i s present i n such 

sections. The o l i v i n e has a 2V of about DO0 but appears 

to be o p t i c a l l y negative. Pyroxene i s present i n lar^e 

amount i n t^e ^roundmass. I t ^ i s an o p t i c a l l y pos i t i ve 

and non-pleochroic augite with, an e x t i n c t i o n an'^le Z \c 

c f ^ S 0 . The- fe l spar la ths , are not as prominent as the 

pyroxene; they are clear and ~lassy and have a maximum 

ex t inc t i on amie i n sections perpendicular tc 010 of 27° 

and /*- greater than can-do balsam, i n d i c a t i n g labrador-

i t * of the composition A b ^ n ^ . p e t i t e i s ' 

also 
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also present i n the groundmass and a ce r t a in amount is-

enclosed i n the o l i v i n e s , while granular ca l c i t e i s comm

on i n ves ic les . No fe'lspathoids were seen i n the rock • 

which may be classed as a normal o l i v i n e - b a s a l t . 

specimen HT./5 was co l lec ted from the lower south-eastern 

slopes of the " u r i H i l l s and i s a heav2r dark-grey basalt 

w i t h s l i g h t l y la rger o l i v i n e phenocrysts than UK/2 (up to 

1 cm. i n l eng th ) , set i n a c ryp toc rys t a l l i ne mat r ix ; ,Ves

i c l e s are not common i n t h i s rock. I n t h i n sect ion both 

o l i v i n e and roonoclinic pyroxene are seen to form pheno

crys ts , w i t h the pyroxene s l i g h t l y less common than the 

o l i v i n e . .The groundmass i s much f i n e r grained than HK/3 

and, though i t appears to be made up o f the same minerals 

(labrjzf ado r i t e , augite and magneti te) , the i n d i v i d u a l ' 

c rys ta l s -.are too small, f o r o p t i c a l determination. The-. 

o l i v i n e phenocrysts show few signs o f a l t e r a t i o n and are 

usual ly of greater size than the pyroxene which only bare

l y . p o i k i l i t i c a l l y encloses them. Small cav i t i e s w i t h ser

pentine borders and l i ned wi th c a l c i t e are occasionally 

seen i n the o l i v i n e phenocrysts. The pyroxene generally 

shov:s euhedral fsyrm and i s s l i g h t l y pleochroic from pur

plish-brown to pale-yellow w i t h absorption X»Y->Z. Many 

crys ta ls have a r im darker and more pleochroic than the 

cent ra l po t ion . The mineral i s o p t i c a l l y pos i t i ve wi th 

an ex t i nc t i on angle Z \ c of 42° and i s , therefore , a t i t -

aniferous augi te . ' The augites .show a tendency towards 

c r y s t a l l i s a t i o n i n r a d i a t i n g groups from centres of :. 

o l i v i n e 
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' o l i v i n e or granular masses of q^g/cite, and the m a j o r i t y ' 

of then appear to have crys ta l l i sed , at a l a t e r s ta je than 

the o l i v i n e . Calci te i s comrorias i r r e g u l a r granularpass

es and much of. i t i s rlo doubt secondary. The rock i s 

classed as an o l i v i n e "basalt, poss ibly tending towards 

ankaramite. 

The di f ferences betv/een the tv.o .types may be sumnar-:-

ised as belov: : -

Li_C/'3 T-TT /r. 1 
Vesicles common. 

Ol ivine phenocrySts serpen-
t i n i s e d . 

Augite phenocrysts absent, 

^roundmacc f ine -g ra ined . 

Vesicles ra re . 

Ol iv ine phenocrysts not ser
pent i n i s ed . i 

Augite phenocrysts comnon. 

~roundmasr= very f i n o - j r a i n e d . 

Chemical analyses are not avsalable so i t i s impossible 

to say to what extent the chemical compositions r e f l e c t 

the d i f ferences noted microscopica l ly . 

<c) The basalts v/ i th Ul t ra-bas ic Xenoli ths from the 

Tass Scar-p. . 

Tlie hurr ied nature of the reconnaissance i n t h i s area 

made i t impossible to carry out any detai led study of the 

f i e l d r e l a t ions of the various volcanics , The xenol i ths 

I n the. lava appear to be o f common occurrence since spec

imens have been co l lec ted also from.the Ilagada Crater, 

the Alge area some 100 miles nor th of Ilega, the lower 

; . ••. southern 
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southern slopes o f ? r £ r s a b i t f o u n t a i n and from ths neigh

bourhood of the rgonbe Crater nor th of the I s io lo-3arba 

T u l l a road sons 100 miles south o f r .arsabi t . Only the 

specimens col lec ted from the T P S C Scarp have been exaninel 

microscopical ly , but i n hand specimen, those f r o n the, o th 

er areas'are s i m i l a r . Selected specimens from the Tass 

Gcr.rp ere described belov:. . ' 

ÎC/20 i s .cJi extremely f ine -gra ined , drsrls-jrey, h i g h l y -

ves icular slagrgy type w i t h xenol i ths of pale-and dark-greei? 

glassy c r y s t a l l i n e mater ia l i n which there i s a. c e r t a in 

amount of r e l i s h - b r o w n haematite s t a in ing . Occasional 

phenocrysts of o l i v i n e , up to ? mm. i n l eng th , are present 

i n the basal t , while one fe l spa r phenocryst of rectangular 

sect ion about 1 cm. i n length was also noted.. The ground-

mass of th3 basalt i s extremel3 r f ine -gra ined and alno'st 

opaque i n t h i n section except w i t h high magni f ica t ion 

when i t i s ' seen to be a u g i t i c , l i b e r a l l y s p r i n i l e d w i t h 

magnetite, and wi th rare small o l i v i n e s and mi»crolith's of 

twinned plagioclasa felspar. . The a u j i t s i s pale brownish-

green i n colour. Ol iv ine phenocrysts, the la rger ones us

ua l ly , much corroded and the smaller ones generally euhed-

r a l and l i t t l e corroded , are present i n the groundmass. 

I t i s suggested tha t the badly corroded ind iv idua l s may 

be r e l i c s .of c rys ta ls stoped. from the o l i v i n o - r i c h xeno-

11 t h s , vhile_.thf» euhedral c r y s t a l s have c r y s t a l l i s e d 

from the basjlt nagn*. ^uhodral augite phenocrysts,- fewer 

and 



and smaller, than the o l i v i n e s , and less corroded, are . 

also present; they consist of a zoned, s l i g h t l y pleochro

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

The xenol i ths are essen t ia l ly d iops id ic pale-green 

augite and o l i v i n e j the augite being approximately twice 

as common as the o l i v i n e , 3rown-almsndite garnet- i s pres 

ent to the extent of 3 to 5 % by .volume. The o ig i t e ; i s 

non-pleochroic wi th 2 V about SO 0, o p t i c a l l y pos i t i ve ' 

w i t h e x t i n c t i o n angle Z \ c of 4 0 ° . The o l i v i n e i s o p t i c a l 

l y negative w i t h 2 V near 90° and shows no seppentinis-

a t ion . • The garnets usual ly show a k e l y p h i t i c r im of gran 

ulaQjr aug i t e . ' One pla te of a colourless mineral which 

was not p o s i t i v e l y i d e n t i f i e d shored the f o l l o w i n g o p t i c -

a l propert ies : - lamel lar twinning w e l l developed end a 

tendency to cross-hatching noted at h igh magni f ica t ion , 

s t r a igh t e x t i n c t i o n , a s i l ky , appearance w i t h low order 

greys and yellows between crossed n i q M s , low pref ringence 

w i t h y ^ greater-than Canada balsam and less than o l i v i n e , 

b i a x i a l l y pos i t i ve w i t h 2 V between SO0 and 70° , no eleav 

ages but i r r e g u l a r cracks. I t encloses garnet zx\& o l i v 

ine and i n t h i s p a r t i c u l a r sect ion i s adjacent to the 
• 

basalt contact w i t h the x e n o l i t h . Another colourless or 

very pale-green mineral i s present i n small amount, which 

shows grey p o l a r i s a t i o n c o l o u r s , ^ greater than Canada 

balsam, o p t i c a l l y negative, 2 V near 90° and' e x t i n c t i o n 

angle of 9 ° . I t i s probable tha t t h i s mineral i s 

t r emol i t e , the highest e x t i n c t i o n angle ZAc of 'which 
does 
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docs' not appear i n t h i s sect ion (see l a t e r desc r ip t ion 

of T;rrC/25). Tongues, of the groundmass have penetrated the 

xeno'-ith along c r y s t a l boundaries and i r r e g u l a r cracks 

but th-^re i s l i t t l e evidence of a l t e r a t i o n due to t h i s 

•except the deposit ion of black i r o n ores i n the adjacent 

o l i v i n e s . Small t r a i n s of• gas bubbles and black ores are 

common i n the o l iv ines and less common I n the pyroxenes; 

they appear- to be connecte:" v l t h tongues o f basa l t ic mater

i a l . The borders of the crys ta ls against the lava are, 

h igh ly crenula.tej suggesting tha t a ce r t a in amount of ma^-

matic corrosion has taken place. Crys ta l stoping by the 

magma from the xen.olith i s also obvious, the ol ivines! app

earing to-have suffered more i n t h i s respect than the 'py

roxenes. . . . . 

The xenolth i s r e f e r r e d to ^bPJDUNI^ or OLIVTJt>?Y?iOX-

I? TIT" v / i th WJTTT, - r h i i e t h • enclosing lava i s an O L r / n -

^ASALT or possibly ATT-<A?AT'T^'. . •• 

HK/21 i s a dark-grey, extremely f ine -d ra ined basa l t i c 

type v:ith phonocrysts up to 5. mm. i n length of glassy . 

oTeen o l i v i n e and-small aenol i ths o f dark bot t le-green 

coarse ly -c rys ta l l ine ma te r i a l . Microscopica l ly , the grcunel-

mass i s greyish and c r y p t o c r y s t a l l i n e , r i c h i n t i n y stumpy 

greyish-green pyroxenes and black ores. Under high magnif

i c a t i o n m i c r o l i t h s of clear twinned pl^gioclase f e l spa r 

may be dist inguished bu t are 'too small f o r pos i t i ve i d e n t 

i f i c a t i o n . This fe l spa th ic mater ia l i s d e f i n i t e l y subsid

i a r y to-
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i a r y to the pyroxene anc i r o n ores. The olivine pheno
crysts "re usual ly corroded but shov l i t t l e evidenee o f 
other a l t e r a t i o n . A dusty r im o f black i r o n ore i s usual
l y developed round the edges of the corroded 'crys ta ls . 
The miner?! h=>s.e 27 near. 20° and i s o p t i c a l l y p o s i t i v e , 
suggesting a .composition of 37 £ f o r s t e r i t e and 13 % f a y -
a l i t e . Phenocrysts of s l i g h t l y p l o o o b r o i c ' t i t a n i f e r o u s 
augite - re also present though i n smaller amount than t? e 
o l i v i n e . . T i n y tectangular inclus ions having high r e l i e f 
and oblique e x t i n c t i o n /rive t h i s mineral ^ dusty appear
ance. 

The xeno l i t h i s ••: coarsely xenonorphic grvaular mix

ture of . o l i v ine and mohoclinic p;'-roxene i n roughly equal 

proport ions , wi th accessory garnet and magnetite. A l t e r 

a t ion of the o r i g i n a l const i tuents of the rock by invad

ing tongues - of .the magma has not proceeded «o any apprec

iable extent but m?gmatic corrosion of the o l iv ines d l r -

. e c t l y bordering the l*vp. has produced crenul"te m-rgins 

to t h i s ' m i n e r a l and'the deposi t ion of black ores gives a 

dus ty ' r im i n such cases w i t h i n the o l i v i n e s . Strings of 

inclusions of bubbles rnd n i r iu t s ly c r y s t a l l i n e b.U'Ck cre<> 

appear to^ be conaec^ed w i t h the in»"adln? tongj.es of the 

lave . The pale-green pyroxene i s " non-plecchroic va r i e ty 

showing ?ood cleave ere, 27 jus t above " 6 ° , o p t i c a l \ j pos

itive-am? wi th e x t i n c t i o n ^ncrle Z \ c of 4C 0 , . i . e . a diop-

sxdic eugite. A-few elongated sections end. squarish 5 bas

a l aeetinns of dark-brovTi q-rnet were n o t ^ T+o. 

Ive i n d e x 
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ive index if? between 1.7053 ?nd 1.3CG (nearer the l a t t e r ) 

i n d i c a t i n g that i t i s the ^.Imandite v a r i e t y . Accessory 

magnetite occurs i n both the o l i v i n e and augite. 

The x e n o l i t h i s an A7^IT^} :miT^TITI ! and "the. enclos

ing lava an. ^Lr .TT^- 'WALT. 

• i s ' i d e n t i c a l i n hand specimen w i t h T T ' / - 1 snd i n th i* 

section shows only minor d i f f e rences . The augite pheno-

cr-ysts c f the basal t , whi^h are o f a zoned cnc s l i g h t l y 

' pleochroic type, w i t h e x t i n c t i o n angle 2 \ c o f CC°, show 

lose corrosion t^an the o l i v i n e s v-bich «ae o f t T „ l i t t l e 

more th?n skele ta l form?. Occasionally the ol i" 5 r in~ has 

a r i m - o f r a d i a l l y disposed f i n e l y - g r a n u l a r ?ugite.• The 

gecundmass i s e-P"3\ri rv.rri t lc v ' i th a l i b e r a l s p r i n k l i n g of 

black ores and some m.icrcl i ths o f clear twinned p l ag i c -

clpse fe l spar showing a maximum ex t inc t i on angle i n sect

ion? perpendicular to 010 of 2<L°. andyw .greater than Can

ada hplsam, i e . andesine, A'B^Ann^. I n t e r s t i t i a l to the 

above i s a.colourless mineral showing-no twinning or 

cleavege, with^/*- Just less than Canada balsam and grey 

interference colours. Fo other o p t i c a l proper t ies could 

be determined because of the extremely small size o f , t he 

c rys ta l s but the mineral i s possible orthoclase. 

The xenol i ths are mainly small , some 2 cm. i n diam

eter and the ch ie f d i f fe rence i n composition betv.een these, 

and the previous specimens i s the increase i n the amount 

of almandifce. The c rys ta l s of t h i s mineral *=»ro also la rger 

than, i n previous specimens and o f t e n assume a l obe - l i ke 

form 



113. 
form and usua l ly have pn opaque black r im and a patchy • 
k e l y p h i t i c zone o f f i n e l y - g r a n u l a r augi te . I t i s suggest
ed thalt the opaque border and k e l y p h i t i c zone are assoc
ia ted wi th the a l t e r a t i o n of the garnet, l i b e r a t i n g mag
n e t i t e and forming one granular augite from the remaining 
const i tuents of the garnet. The o l i v ine s are c lear , c o l 
ourless and show no serpent in i sa t lon . Small t r a i n s of gas 
bubbles and black ores, which increase i n size and amount 
as the margin o f the x e n o l i t h i s approached, appear to 
indicate i n t roduc t ion ftfom the lava and are not confined 
to cracks and cleavages i n the minerals of the x e n o l i t h . 
The pyroxene i s pale-green, pleochroic to almost colour-
loss , o p t i c a l l y p o s i t i v e w i t h . 2 V about SO0 , and wi th 
e x t i n c t i o n angle Z A c of 4 8 ° , i . e . i n the diopside-heden-
bergi te series. This mineral , on the borders of the xbno-
l i t h , usual ly has a r im o f f i n e l y - g r a n u l a r a l t e r a t i o n 
mate r ia l which i s too f ine-gra ined t o determine, ^cr^dcr-
ing cleavages and t racks along which t h i n tongues of the 
lava magma have invaded the x e n o l i t h , the pyroxene occas
i o n a l l y r.sEumes. a darker green colour, • possibly indies/ting' 
a s l i g h t enrichment i n i r o n . The invading tongues of mag-
mn i n some instances widen out to lobe^l ike forms inside 
the xesiol i th , usus l ly replacing o l i v i n e , small h igh ly 
corroded fragments of which remain enclosed i n the bass?lt* 

The x e n o l i t h ' i s an AU^I^-F^T^O^TT^ w i t h HCCnT, '• 

end the enclosing lava 0L T Vr^-^A3AL,r. 

• n ^ g c o p i c ? l l y i s a heavy dork-grey, f i n - l y 
vec iculT-
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ves icu lar lava v l t h o' . ivine phenocrysts up to - i m , i n 

length . I t encloses one large x e n o l i t h of green glassy 

c r y s t a l l i n e mater ia l about 5 inches i n diameter. I n t h i n 

section the aug i t i c groundmass of the lava i s f i n e r g r a i n 

ed, and more ves icular then i n previous ix^nples . . Plagio-

cla.se m i c r o l i t h s are present i n greater amount and usua l ly 

are of greater size than previously noted (more l i k e t.iose 

. o f .HJC/3). 'The fe l spar i s clear TJICV t\.inr?ed v-ith a maximum 

e x t i n c t i o n angle i n sections perpendicular to 010 of 32° 

end y~ greater than canada balsam?indicating labrador i te 

about A b ^ ^ & n s o . The o l i v i n e phenocrysts. are smaller end \ 

the pyroxene phonocrysts less common than i n previous 

examples.. 

The xeno l i t h i s made up mainly of Large anhedral o l i v 

ines wi th a. l i t t l e very pale'-green d icpaid ic augi te . Acc

essories are small cvibes of magnetite, rare da.rk-brov.n 

-garnet and small- rectangular aarcons v.'hi-ah are pleochroic 

from pinkish-brov:n to strav;-yeTlo\v to almost colourles?. 

Tongues of t7~-e groundmass have entered, the xeno l i th along 

c r y s t a l boundaries and cracks and o f t en sv.ell out i n to 

bulbous.forms, replacing both o l i v i n e and a^gite, small 

res idual fragments o f v.hich are s-»9n i n the invasive-mat

e r i e l . -Small subsidiary tongues branch from, the main 

channels and pass in to the o l i v i n e s , decreasing i n size 

u n t i l they become mere t r a i n s of gas bubbles or minutely 

c r y s t a l l i n e black i r o n ores. The rr r rgins . of the xeno l i th 

are h igh ly crenulate and have a dusty appearance imparted 

http://cla.se
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to them by the deposit ion i f f i n ^ l y - c r y s t ' i l i n c black 

ores. Some carbonate hes been formed i n the x e n o l i t h ; 

This xor io l i th i s . a Tnr-nn^ enclosed i n rfOT7II^-^ASALT. 

HK/25'.in hand specimen i s a spongy, h i g h l y v e s i c u l a r : t y j e 

pnrplish-bro"Ti i n colour, enclosing a x s n o l i t h of s imi l - i r 

type to those previously described_ frit w i t h i t s c o n s t i t 

uent minerals stained -reddish-brown. I n t h i n section,-

small c i r c u l a r vesicles shoving no mineral l i n i n g mrke up 

some 50 f of the- leva sect ion, the ground-m^sc of which i s 

reddish-brown. Phenecrysts. of. h igh ly a l te red o l i v i n e and 

pseudomorphs a f t e r - o l i v i n e , wi th less oorwon 'soned t i t -

' n i f e rous augites ere present. The ?rroundmp.ss i s again 

aug i t i c and has t i n y twinned m i c r o l i t h s . of clear p lag io -

clase fe l spar determined ..as i&adesiiie, A b ^ V r i o p , v.'hich 

occasionally show a rou-ah f l o w arrangement round the ves

i c l e s . TTuch haematite i s present i n place of the usual 

m^gnstite. I T n ny o f the o l i v i n e .phenocrysts have been a l 

most completely a l tered to p leochro io reddish-brown to 

yellowish-brown idd ings i t e , together wi th r addish-brown 

hoem.atite' and a l i t t l e f inoly-granular black magnetite. 

Th.e most in tenss ly a l tered phenocrysts comnanly have a 

narrow r i m of unaltered colourless o l i v i n e . T..nsre the o l i v 

ine i s not completely converte'"1, the- idd ings i t e zone , 

shows ragged margins against the • cen t ra l core of res idual 

o l i v i n e whi le - the unaltered e l i v i n a r±n shows sharp mar

gins w i t h the enclosed i d d i n g s i t e . Idwards (13CG) ob-

SaSvod s imi l a r 



• no.-
62i"V2f s imi la r prenom-ra and sug^estar" that. i d&in^s i t e i s 

only found i n rocks ^rvin*? an i r o n - r i c h f i f \ n ) l f l u i d . The 

r im of unaltered o l i v i n e i s explained as b e i n j due to; the 

set t ing-up of a reverse reac t ion i n the equation— ^ 

• 2 ( T T g 7 e ) 0 . 2 i 0 2 — » I T § 0 . : r , e 2 0 ^ . 3 S i 0 o . C : y . . b — 7 c . 0 « . 7 e 0 . 

I n the forward. 'reaction progress ive addi t ion of i r o n ' i s 

needed throughout together w i t h s i l i c a and water i n the 

•second stage. This , Tdw-^rds considers, tV<es p l ' ce during 
period of 

theXconcentr^tion of the v o l a t i l e s immediately p r i o r to 

the extrusion of the. lava. The v o \ a t i l e s are released-on • 

extrusion and tha ' forward reac t ion can no longer proceed, 

but i s reversed, thus forming the second generation o l i v 

ine r im v.-'hich has no f a c i l i t i e s f o r a l t e r a t i o n . • This' ; o l 

iv ine would pre su i t ab ly be of the same ago of c r y s t a l l i s 

a t ion as the o l iv ines of the groundmasc. 

The x e n o l i t h has a coarse xencmorphic tex ture , being 

made up of r<bout 50 $ o l i v i n e or i t s • a l t e r a t i o n products, 

together wi th roughly equal amounts of pale^grean augite 

and colourless t r e m o l i t e . The t remol i te has s imi l a r op

t ic? . ! propert ies to the t r emol i t e i n HTC/20 er.cept tha t i t 

e x t i n c t i o n angle 2/\ c i s 15° . Accessories are rare dark-

brown garnet (prob.^blji almandifite) and cubic black ores. 

The o l iv ines s"how ?: s i m i l a r type of a l t e r a t i o n to those 

oiS the groiindmass of the basalt except tha t genera l ly ' 

the a l t e r a t i o n has not proceeded so f a r . Tddingsite i s 

most 
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most .common near the margins of the x o n o l i t h and s ta r t s 

along C-. acks and c r y s t a l borders and from these spreads 

i n t o the o l i v i n e c rys t a l s . Much f i n e l y - g r a n u l a r , reddish-

brown haematite i s also seen, especial ly i n the a l tered 

o l i v i n e s . .The whole of the marginal area of the x e n o l i t h 

has been broken-up and shattered by lava tongues which 

form a r ami fy ing network emending some distance i n to the 

xenoljth. The process of c r y s t a l stoping i s w e l l demon

strated here by fragments of the marginal o l i v ine s pres

erved i n the lava ; Again the pyroxene and amphibole;have 

been a f fec ted to a smaller degree than the o l i v i n e s . Sub

s i d i a r y ve in l e t s f rom the iava tongues pass i n t o the o l i v 

ines and eventually the fe l spa r m i c r o l i t h s and augite 

disappear 7 l^avingyonly nets of f i n e l y - g r r n u l a r black ores. 

TTê r the centre o f the x e n o l i t h . these tliemselve-s. fade nut 

i n t o a t r a i n of gas bubbles or a.single l i n e . o f t i n y tw ig 

and lobate forms of black ores which.progressively de

crease i n size to the l i m i t o f - v i s i b i l i t y . Marginal ly 

'the x e n o l i t h i s also great ly enriched i n i r o n where black, 

ores pass d i r e c t l y in to i t f rom the lava along mineral 

cleavages and i r r e g u l a r cracks. 

., -The x e n o l i t h i s an A!TFHIBOLH-OLIVTTT.T-7] or ATJ-rIT3-

T:;iTTOL;ri-r^.IDOrT'.TT.': enclosed i n an OL T Vir^-^SALT. . 

^7i/21 in . hand specimen i s a dark slate-greSp, f i n e l y ves

i c u l a r lava w i t h green c r y s t a l l i n e xeno.liths up to 2 cm. 
a. 

i n diameter and isola ted glassy bot t le-green o l i v i n e phen

ocrysts up to .4 mm. long . Tin t h i n section the groundmaass 
i s 
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i s f ine-grained and more f e l spa th i c . than other specimens 

except FK/2£. 'The fe l spar I s l ab rador i t e , Ab45An55, 

which occasionally shovs oph i t i c intergror/ths v/i th the 

augite of .the groundmass . The au.gite usual ly occurs i n 

sna i l yel lowish-brcvn prisma. Other minerals present i n ft 

the 'groundmass are much magnetite and rare small o l iv ines . 

Olivine-occurs abundantly as phenocrysts which are una l t 

ered except f o r the deposi t ion of a s l i g h t amount of i r o n 

ores round t h e i r edges and along i r r egu l a r cracks. I t 

doss , howerver, show some signs of ombrymentx and corros

ion , ^are .euhedral microphenocrysts of colourless to 

pu.rplish-brov.-n t i t an -aug i t e ara present, but most of the 

pyroxene, i s found i n the groundmass.- The xeno l i th i s sim

i l a r i n texture and gra in size to previous ex?np!es and 

i s made up of 70 f. o l i v i n e nnd 25 f colourless to pale-

green augite w i t h an e x t i n c t i o n angle Z A C of --S 0. Small 

tongp.es o f the invading lava. 'occasionally spread out i n to 

bulbous forms v i t h i n the x e n o l i t h . Such areas appear to 

be more aug i t i c than the masn mass o f the lava. The only 

e f f e c t of the invading mater ia l on the xeno-lith i s a cer

t a i n amount of corrosion along i t s .margibs and the depos

i t i o n of black i r o n ores. 

The x e n o l i t h i s an A'T^T^-P^IDOTrTL and the lave an 

^Lr.Tj^-RV^AT/r. - ' 

T TT/22 i s par t of a. 1 irge xeno l i t h almost 2 f e e t i n diamet

er, of a. green, coa r se ly -c rys t a l l ine , granular o l i v i n e -

r i c h rock i n a h igh ly ves icular lava . The rock also con T 

tainsjgre'e*? 

http://pu.rplish-brov.-n
http://tongp.es
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t a ins green augite and a l i t t l e f i n e l y d iv ided dark-brown-

to black garnet. The t h i n section contains some 50 % 

of clear colourless o l iv ine , •occas iona l ly showing s l i g h t 

signs of serpent in isa t ion , 30 % of very pale-green augits-

(2 V about SO0 , o p t i c a l l y pos i t i ve and e x t i n c t i o n angle 

Z c of 45°) and a lesser amount of the colourless miner

a l r e fe r red to t remol i te ( c f . HK/20 and HIC/25), w i t h 2 V 

near 90° , o p t i c a l l y negative and w i t h e x t i n c t i o n angle 

S A C of 19° . Almandifce' i s also present to the extent of 

some 3 to 5 % and shows the usual k e l y p b i t i c r im of gran

u l a r augite occasionally- associated w i t h magnetite. Acc

essory magnetite i s also precent i n the x o n o l i t h which 

shows no signs of a l t e r a t i o n by the lava magma. 

This rock i s an AHPHI^OLSrOLTVTITIT^ w i t h or 

A7'^IT3-THi]"''r0LITTi:-PrJ?iID0TlT,j] w i t h GAS^T. 

(a) Summary of Petrology of ( c ) . 

The. foregoing p e t r o l o g i c a l descript ions are summaris

ed i n Table I and i t appears that the xenol i ths are r e 

presentatives of the two ser ies : -

(a) Dunite—^Augite-per idot i te Olivine-py rox'enite' and 

(b) Dunite-^—Amphibole-olivinite (or Augi te- t remol i te-per 

i d o t i t e '3, w i th up to 5 f- o f almandine, as shown below: 
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01 iv ine-pyroxeni te 

t 
Olivine-pyroxeni te •+ jar net 
35 * O l i v i n e , 60 % Augite , 3% Garnet 

Aurr i te -per idot i te 
75 f O l i v i n e , 25 « Ausi te . 
.50 % O l i v i n e , 50 £ Augi te . 

1 
Augi te -pe r ido t i t e 4- Garnet. • 
50 <?. O l i v i n e , 45 £ Augite , 5 f: Garnet. 

DJT-TITZ 
95 % Ol iv ine 

5 f Augite 

Augi te-1remo1ite-per i d o t i te + Game t . 
or 

Amphibole-o l iv in i te + Garnet 
.50 f . O l iv ine , 30 Augite , 15 £ Tremoli te, 
'. 5?; •'•Garnet. 

Aug i t e - t r emol i t e -pe r ido t i t e 
> • ' or 
Amphibole-o l iv in i te 
50 % O l i v i n e , 25- % Augite , 2b % Tremoli te . 

- F a c i l i t i e s f o r the car ry ing out of chemical analyses 

and de ta i led micrometric measurements were not available 

so that evidence of a complete, gradat ional series cannot 

be established. 

• The enclosing lavas show va r i a t i ons i n the amounts . 

of augite, o l i v i n e and fe lspars and i n the composition of 

the f e l spa r s . They have a l l been classed as olivine-feas- ' 

a l t s but i t i s considered possible tha t more de ta i led 

pafcrological 
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j c t r o l o ~ i c ~ . l and chemical v.rork would shov: then to h^ve 

a f f i n i t i e s v.l th the Absarokite-Shoshonite series of Holmes' 

and Haryrood's ^ufunbira. I'emoir (lOCO, though orthoclase 

has not been p o s i t i v e l y i d e n t i f i e d i n a 'v sect ion. Chanrcs 

i n the o r i g i n a l composition o f the lava mpjjaa have no 

doubt been e f fec ted by the absorption of sane o f the xeno-

l i t h i c mater ia l . ' 

I n conclusion I v;ieh to express rey thanks to the '.Comm

iss ioner of I Tines end the o f f i c e r s o f the :" . in in j ixnd ;Geol

ogical Department of Kenya who provided f a c i l i t i e s fo-r 

the c u t t i n g of s l i ces , microscopic e::anination c-jid the 

use of the - l i b r a r y ' . 

Hdvards, A."*., 1S33. 'The ^ e r t i a r y Volcanic :.1ockp. of 
Central. Victor ia" . , Vol . 
XCIV. 

j*achs, 7 .1 . ' , .1333.. "The Geo lo - i c r l His tory of the. Laic*. 
Rudolf ^asin, r.enya Colony." F h i l . 
Trans.3oy.Soc.London., V o l . 223, 
1333. • . 

HolneSjA., i " 133G. "The Petrology o f the Vo.'.c nic Area 
^arv/ood, o f ^ufumbira ." , I ' en .TTo . 3 , Part I I , 

•C-eol.Surv. Uganda, 1035. 

oooooooOOOOOOOOOooooooo 



or* 3ff E. 
MEGA G c N C ^ f u - QtOLoerf O P A R E A 

\5oO 

: - 1:1 ,000,000. 

HEMHT* W M E T R E S . 

7 

•V 

KfcLfccH 

1 

10 01 
1 
: 

Roads. 
Cje a Toxica I •Bouri.iLi-rlts. 

1 



\ \ SI 
\ 

/ 
... 

0 XT 

• 

/ — :J3Gj 11".. y l i g h t . Came: •_ Lng). 

^U'-I'r^-rZZIDOrir^ xenol th i n - . f i n e l y ves icular O L I T i : ^ -
'"^SALT. Xenorrorpbic o l iv ines and augites(die^ s LdicQ , 
s l i g h t l y a l ta red along cracks and c r y s t a l boundaries neai 
the border by invading tongues of the. lava grou idnass. 

, Deposition of black i r o n ores on the border of the xenol-
i t h gives a dusty -p-xrrance to the o l i v i n e s . Corroded 
phenocrysts o f o l i v i n e and euhedral zoned titan-^augites 

; i 
asional m i c r o l i t h s of plagioclase f e l spa r . Accessory a l -
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HK/22 x 36. (Ordinary l i ~ h t . Cfamera Lucida drawinp). 

aUQITS^PSaipOTITS xeno l i t h i n f ine -Tra ined OLI7r T ^-
T3A3ALT, Xenonorphic o l iv ines and augites s l i g h t l y al tered 
a lon£ cracks by invading mater ia l from the groundmass of 
the lava, ^lack r inged alnandine w i t h patchy k e l y p h i t i c 
bands common i n the x e n o l i t h . L i t t l e accessory i r o n ore. 
Corroded and ske le ta l o l i v i n e pb?nocrysts comon i n bas
a l t w i t h zoned t i t an -au^ i t e s smaller and ra re r , s e t ' i n 
an an.^itic grottndniass, heav i ly spr inkled v i t h i r o n ores a 
and some m i c r o l i t h s of plagioclass f e l s p a r . 



~"~./2£ x 33. (Ordinary l i g h t . Camera Lucida drav ' ) , 

DT T i rH xeno l i th i n vesicular OLIV^-^ASALT. 
Ton-rues of the lava jraandnass have invaded the x e n o l i t 
along creeks i n t^c o l i v i n e s . Deposition of i r o n ores 
along borders of these tongues and s t r ings of gas bubbl 
in to the o l i v i n e s . Aug i t i c groundnass heavi ly spr inkleq 
v/ i th o*res and shows corroded phenocrysts of o l i v i n e 

. Lt e 
ioclase jfelspar. 
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KK/25 x 35. (Ordir 3 l i g h t . Camera*^Lticld^ i f •. >_•). 

^^-JZ-^LZJV'ZIZ ( o r £ U3IT3 - ^ ? g T O L I E ^ F S B I D O I I T ^ ) 
x e n o l i t h i n h i g h l y e v e s i c r l a r PLIVu7'~:-r'A7Ai,r. Tottgties of 
the l a v a groundnass have invaded the x e n p l i t h along the 
c r y s t a l boundaries of the o l i v i n e s . The tongues fade out 
i n t o i r o n ores as they pass f u r t h e r i n t o the x e n o l i t h . 
".Iteration of the o l i v i n e s to iCMigsite and t i l l d e ^ e s i t i o 
of haematite v e i l developed, Strong d e p o s i t i o n of b l a c k 
i r o n ores-on the margin of the x e n o l i t h and c r y s t a l stop-s 
ing prominent. A u g i t l c groundmass h e a v i l y s p r i n k l e d v i t h 
haematite, shove i d d i n g s i t i s a t i o J i of o i i " T i ^ " ' phenocrystS• 
w i t h rim of second generation o l i v i n e bordering almost 
completely a l t e r e d phenocrysts. Also rore m i c r o l i t h s of 
p l a g i o c l a s e f e l s p a r and microphenocrysts of second -fener
a t i o n - o l i v i n e . -
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