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I- _INTRODUCTION,

The compilation of this report was commenced as a
spare time study while the writer was attached from the
Gold doasﬂ'Régiment,.R.W;A.F.F., to various Water Supply
Units of the Rast Affica Command "as a Geologist and Geo-
physiecist between February 1941 anleebruary 1944, It
has been'completed since his release from the Armed Forces
to civil employment. |

Numerous .water supply invéstigations carried out
by the writer in Kenya, Northern Tanganyika, Southern ’
Abyssinia and Britisgh Somaliland convinced him that cer-
tain additions to the earlier work on Kenya Water Supply
of Mr. H.L.Sikes,C.B.E. (Sikes 1934) could be made, and
some of.his deductions amplified or.mod;fied in the light
of knowlwdge gained from the drilling of many new bore-
holes in various parts of the Colonj.‘

It is.hoped that this work may be of'some valué'at‘
la time when a g&od deal of interest is being expressed
in the possibilities of closer white setvtlement of the -
‘Kenya Highlands as a-rmeasure of post-war reconstruction
" wnd development. In the most suitable climatic areas,
closer settlement will necessitate additional water suppl-
les for domestic and stock consumpiion. The majority of

such additional supplies will most probably have to be

produced by boring, .and in the body of this paper results

obtained in thg-past.and probabilities for the future

are



S,
are indicated for the.main areas of the Colony.

For the two geologicél formations in which most bore-—
holes have been drilied; tﬁe Basemént Com?lex_and.ﬁhe
Kainozoic Voleanics, an attempt has been madé to show
probabilities both as to depth tp water and relative yields
at various depths. The method used is similar to that
used by Fromrurze for boreholes in South Africa (Fromm-
urze 1937), This method consists of the plotting of
curves of the frequency with which water is struck at
any given depth-and of the yields expressed .as percent-
ages of the total output at that depth, against the depth.

Typical asymmetrical curves of the form

dy _ y_(x:‘az-

cdx T f(x
g?e ;hus produced, such as are used with irregularly var-
&iﬁé quantities. It is possible that the curves plotted
'for certain large areas of the €olony will have to be
modified to a certain extent when more boreholes have beey
drilled, but those for the more restricted areas like the
Machakos-Sultan Hamud area bf the Basement Complex rocks
and the Nairobi area of.the Volcanics should remain more
or less constanyg, |

Provisional Water Table @ontour maps have also been

produced for the Nairobi area where a considerable mass
of infdrmation.is,available. The lack of a reliable con-
tour maﬁ of the area necessitated reliance on height réad-
ings with an aneroid barometer on the various borehole

sites; thus minor flexures in-the subsurface contours
due




6.
due to variations of surface-topography are not shown on
the maps, which must be regarded only as prqvisional'
frameworks., _

Analytical tables are élso given for thz chief format-
ions and localities. -The card indexing of the results frow
all boreholes and tbe analytical work necessary for the
prebaration-of the above mentioned tables, maps and\prob-
ability curves hzs been done by the wriger,

" During the progress of the work meny of thé 5preholes
have been visited and the ‘general geological features of
- the areas studied. It has also been possiblg to dgermine
from an examingtion of samples collecéed by dril}ers of
the mecre recent holes, many of which were sited by the
writer, ihe nature of the strata passed through. For earl-
ier holes, the records have been 3uppmied by the Hydro-
logical Section of the Public Works Department of Kenya,
-whosé assistance in the investigation is gratefully ac-
knbwledged.
Increasing use has been made in recent Yeérs.in Kenysa
of geophysical methods of prospecting fpr water,.uéually‘
.by means of the Zvershed and Vignoles ééophysical Megger.
To the accurate interpretation of the results obtained
from the uée,or fhis'instruﬁent, much of the success of
the new drilling may be attributed. By this time a con-
siderable mass of intormation has been accumulated on the
correlation of the ‘Depth Resistivity Curves with their re-

flection in the strata passed. through by boreholes drilled

on



on the tested sités; It is now ﬁossible tg decide, by
the use of such comparisoh curves.for different areas and.
different geological conditions; the possibilities of any
particular site withoﬁt recourse to.the.somewhat.complic-
ated mathematical interptetation of the curves. This saves
mueh time in the fhoiée of sites in the fiéld. It is
well.knoﬁn ,héwever, that'anomalies dg occur in these
éurves, and that they . are not infallible and must be in-
terpretted in the iight of accurate geological knowledge
of the"area under consideration; in other words, the geo-
physical investigations are merely an additioﬁéi aid to
the geologist in the selection Qf the most suitable sites
for drilling, It is not proposed to discuss the question
of type curves for ééparate areas since this will be of
interest only to éeologists and geophysicists working in
thgse areas and not applicable to water-supply problems
as a whole. _

A total of 505 boreholes with an average depth of
262 feet is conside;ed here, representing all records
available up to October 1243, Many sunk since that date
aré not.incIuded here since completion réports were not to
hand, Of the total holes sunk, 319 have been classed as
sucéessful, that is, they have a tested yield of more thaw
90 gallons per hour (90 g.p.h.) or a theoretical safe,yidi‘
- taken as tio thirds of the tested yield., of 60 g.p.h,
This gives a percentage success for drilling over the whole
Colony of 63.2 ; The.avgrage depth of the successful holeg

_gas 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 leval to within 120 feet of the
surface, The average tésted yield of all boreholes was
1310 g.p.h., tha£ is,» an aggregate tested yield from all
boreholes in the Colény of just over 10,000,070 gallons
pér day. Only 18 holes gave water which was too éaline:
for use, while 168 boreholes gave less than 90 g. p h. on
test , Waking-a fotal of 186 borekoles classed as unsucc-
essful, of which the average depth was 244 fnet

Most of the boreholes were drilled by the Public
" Viorks ﬂepartmnnt or by private drilling companiss for
farmers ‘and native comrunities, but since 1940 many have
been sunk by thé militaty authorigies. |

These results are considered in deteil in later éect—
tions of the paper according to thei; distribution in the
main geological formations , and also,.where possiblé, in

more restricted areas within these formations.

II- GENZRAL GTOLOGICAL AND PHYSIOGRAPTTICAL FZATURES.

The rocks of Kenya range in age from the pre-Cambrian
Basement Complex to Reéent déposits in the form of wind-
blown sands, lake-shore deposits, alluvium and soils, and.
include representatives of most of the recognised gepl;
ogical systems, with the exception of rocks of Palaeozoic
agé. The Basement Complex and the Kainozéic Voléanics
are the most widely expoéed, covering in the agzregate

about two thirds of the area of the Colony. The Jurassic
. ' and
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and Miocene (?) also have a rehatlvely w1de dlstr1but10n,
while the other systems representod ranglng in age from'
Permian %o Recent, are mainly reSUrmCued to a belt of
country some 60 miles wide runnwng paral1el to the coast
and immédiately bnhlnd it.

The outerop of the various geological formations is
shown on the 132,000,000 map, which is a reduction from
the"%:1,000,000 Provisional Geological !Map of Kenya'".
cpmpiled'by the writer in 1941 and reproducsd by the Esst
African Survey Group, Zast African Command, Descript-
ions of the formations are given in later sections of
this pape . | .

. Sikes (1934) has likened the Colony phy51ographlcalky
to "a flat arch with its springings at dlfferent levels e
and its crown fittéd with a sort of .elevated éutter }unn-
ing longitudinally". The elevated gutder represents the
Kenya sectlon of the Rift Valley, the flanks of which,
varying in general elevation from 6,003 to 13,000 feet,
together with the lower slopes of Mt. Kenya.(l7,040 feetL
form the well-known Kenya Highlands, one of the most
suitable areas for white settlement in tropical Africa.

The Rift Vslley is the oupstanding topographic feat-
ure of Kenya and is a small part of the system of troughs
which extends through some 50° of latitude from Palestine
to the Zembezi. The evidence indicates that the rift

system is esemntially one gigantic structural feature.

Ths Kenya secpion of the Rift Valley averages some
45
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45 miles in -width ahd'hasha roughly north-south direetion
Within its'bbundaries occurs a wide range of'geological
and physiographical featﬁres, while naturally,over éuchh
a large.aréa, ciiﬁgtological factors vary within wide
limits. The tlanks of the Rift Valley are usually tiltgd
away from the margins of the main depression andfhence'
give rise to predominantly extgrior drainage conditiohé;
The valley floor is split by.a series of minor "en echel-
on " faults which break it up into a number of miniaﬁurg
rift valleys with narrow parallel blocks between. This
type of structure 'is Weil'seen from the top of the Kik-
uyu scarp, looking westwards towards.the ext;nct voleano
of Suswa,

The landscape of the Rirt Valley is'characteriséd by,
enormous masses of eruptive ﬁaterial, the earliest vol-
canics being soda-rich typeé probably extruded trom fiss-
ures, Most observers are ot the opinion that the faulting
was initiatéd at the same time as the fissure eruptions,
but that it confinued for long after the fisgpre'eruptions
had ceased. The tissutre eruptions.were followed by mbre
violent localised efuptions which forméd great thicknesses
o1 beaded ashes, tuffs,énd aggloméfaﬁes.

Lake sediments, deposited in the rormerly much more
extensive lake system ot the Rift Valley, are ihtercalated
in many places with voLéanic r:cké,;while_ﬁebent lake
deposits also cover fairly large areas of the Rirt Vélley
floor.

Topographie .
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Topographic features of imporfance other than the
great dome of the Highlands.and the Rift Valley,‘are Mt.
Marsabit, The Mathews Range, Mt Kenya, tﬁe Huri Hills -
etc., and the widespread plains of the Northern Frontier
District, the lava plains of Athi and Kapiti and the low-
lying, zently unddlatihg country underlain by Basement -
Complek roeks,-which stretches westwards from the 60
.milee wide coastal belt to the lower slopes of the Kenya
'Highlands. | |

?he’pre-Kavirondian volcanics and the overlying meta-
merphosed Kavirondian sediments with granitic intrusidns,
- extensively developed on the west side of the Colony along
the eastern shores of Lake V1Cuor1a, are not descrlbed in

this paper since no boreholes have been sunk in them..

LIL- GENZRAL HYDROLQQ;CAL CONDITIONS.

In the greater part of the Colony there are two sep-
arete and distinct rainy_seaeons, 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 rainfall varied in different localities
from less than 10 incﬁes in parts of the Northern Frent-
.1er Dlstrlct, to over 70 1nches in the plateau countrj
in the Lake V1ctor1a rain belt, The settled areas of the
Colony all average 25 1ncheSror more per annum.

In the coastal belt the ralnfall varies from 50 to
60.1nches in the south to about 20 inches in the north

towards
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towards the dld Kenya-Italian Somaliland frontier. It
also decreases iniand from the coast and produces the arid
plains, with a mean annual rainfall of 20 inches or there-
abouté, which occur bétween the coastal belt and the
Highlands. As the Highlands are épproached, the rainfall
increases. gradually from 35 inches, as in the Nairoﬁi
area, to 60 inches at ﬁolo,and, vhere in addition to the
.monéoonal rains, the infhuence of the Lake Vicporia rain
belt is fgit,'many places have a mean annual rainfall.in
. excess of 70 inches, A break iﬂ'the general increéée
from east to west occurs in the Rift Valley, in which, in
.general, the rainfall is only about 80 inches per annum.
Parts of the N.F.D., for example', the Wajir and Mandera
districts, 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 forog01ng it would appear that the séttled
parts of the Colony on the whole are well waternd but
the rainfall is unfortunately very uncertaln both in
amoﬁhiiand éeasonal‘incidence. Uniform conditions are
maintained:to a large extent over the low-lying coaé#al
. belt and the plains behind, but in the Highlands rainféll
shows great local variations,

The.sufface drainage of the Cblony.may-bg convenient-
Ly divided-inﬁo 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

Rift
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Rift Valley. |

The most stfiking feature of (a) is that only two
perennial rivers reach the Indian Ocean,,fhe Tana and
the.Sabaki. Many other large sfreams have their origin in
the volcanic Highlands but on reaching the ‘plains méinly;
composed of Basément Complex rocks, their dry season flow
is rapidly reduéed ) and, in most cases, soon disappears

entirely. ‘The streams of the westerly drainage system,

- which drainaan area of higher rainfall than the easterly .

one, do not diminish in volume as they pass from the Hizh~

. lands towards their outlet in Lake Victoria. The Bagement

Complex rocks:pf this.area yield more readiiy to weather-
ing and the heavy so0il mantle forms an,gxcellent resef-
voir which supplements the dry season flow of the streams.
Thés area is so well watered on the whole that very few
boreholes have been necessary. The Rift Valley arainage-
system is entirely intermal in thét no stream entering it
leaves it.agaih at.the surface, nor.do any of the great
lékes within it discharge outside it. Sikes calculated
that 94% of -the total rainfall offthe Rift Valley must be
accounted for by evaporation from. temporary pools, capill-
ary .movemeﬁt through the soil, transpiration by vegetation',
and absorption., Of these factors the. last is no doubt the
most impééant, and, as will be shovn later, the percolat-
ing'water-must go dovm fo great depths over most of the
Rift Valley floor. |

Springs are not on thélwhole of great_impofténce in

. : | Kenya
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Kenya except in the voléanics; from which issﬁe several
of considerable magnitude, which are the sources of some
of the major rivers of the Coiony and their tributaries.
Hot springs and heavily mineralised springs are'common in
certain partslgf the Rift Valley; the outstanding examples
of the-latter being found in the Lake Magadi 1opaliﬁy.
Steam jets are also common, particularly in the Eburru
locality near Lake Zlmenteita, whére in places the steam
~ is condensed and the water used for_ﬁuman and stock con-

sumption,

IV- DESCRIPTION OF FORMATIONS,

(a) THZ BASEMENT COMPLEX,

| In Kenya foughly one third of the surface area is
occupied by'rocks of the Basement Complex. From the Aby-
ssinian border in the Moyalé neighbourhood they eitend in
a belt varying in width roughly from 100 miles in the
north to 70 miles in the soﬁth, to a positioﬁ Just short
of halfway between Euna and Wajir, where they'disappear
beneath the Merti Beds, This area of Basement Coﬁplex
rocks is bounded to the“éast by the Jurassics and to the
west, by.the voleanies of the Dida Gulgalla, '

The largest continuoums ouicfop of these rocks,form-"
ing roughly thas central portion of Kenya in a belt running
. approximately north and south, is again bounded to thgi
west by volcaniecs. From the southern end of Lake Rudolf,

the western boundary runs rouzhly south to-the neighbour-
hood of
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hood of Rﬁmurﬁfi, where thelbelt narrows due to the east-
ward extension of the lavas, The boundary then swings in
an arc down to the Nanyﬁki locality and thence in a north-
easterly direction to the Isiolo area. From here it runs
northwards to just south of Archer% Post, where it swings
off to the east and then crosses the Isiolo;Wajir road a
few miles west of Garba Tulla. From here its boundary with
the volcanies is highly sinuous, but with a roughly'southe
westerly trend , down to the Tariganyika border. To the’
east the rocks disappear beneath the llerti Beds, the boun-
dary being roughly north and south. From aﬁout latitude
3% 5. the easﬁern boundary is against the overlying Dur-
- uma SgndStone and crosses the K.U;R. Nairobi-Mombasa:line
in the neighbourhbod of Mackinfon Road, passing southward
from here to the Tanganyika border.

Lying on this main masé.of Basement rocks are mahy
smaller areas of volcanics, In some cases these are merely
,thin:cappings on émall prominences,.as for example in the
area bordering the Laisamis-Marsabit road. In other places
for instance the Chulyu Hills, large masses of- volcanics
have been built up on the Basement Cémplex rocks, forming
prominent bopographical featufes.

The width of this main body of Basement rocks varieé
from about 110 miles in the north to-just over 20 miles
in the Garba Tulla area and then gradually widens again
to some. 200 miles at the Tanganyika bérder. The latter

width is over-all and includes the isolated patches of

volcanics overlying the Basement rocks.
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A third extensive area of ﬁasement rocks is located
along the west side of the Colony, with its eastern bound-
ary against the vblcanics. From a water-boring point of -
view this area has so far been unimpottant since very few
boreholes have been sunk in it._Many-in}iers of the ancienl
rocks also appear among>the'overlying lavas'in varioué
parts of the Colony. |

. The Baéement rocks comprise a varied series of méta-
morphdsed igneous and sadimentary types, the mos£ charact-
eristic of which is prohably a gneiss.composed mainly of
microcline and EHEEEEE quartz (Gregory 1221). Associated
with this are biotite-and muscovite-gneisses and occasion-
ally a horneblendic type. |

The Turokas Series (Parkinson 1913) is a sub-divis-
ion.of the Basement Complex, the name being given to a
series of aitered sediments, now represented by’ granulit-
ic Quartéite, crystalline and flagg& limestone, graphit-
ic-schist, kyanite-schist, biotite-schist etd, which are
characteristically éeveloéed in the neighbourhood of the
Turoka River in the Magadi area.

The Turoka Series is now known to have a very wide
distribution ifi the Tolony. Glenday and Parkinson (1926)
note that there is also a series of metamorphosed sedim-
ents in the Suk Hills aresa, known as th: Maripu Series,
with contemporaneous ashes (the Marich Schists), thought

to have been intruded by a magma originally havihg the

approximate
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approximate compositioh'of a Syenite§ but now fofming
quartz-horneblende schists, These rocks are associated
with massive granitoid gneisses which make up suqh prom-
inent hills aS-ﬁingerét, Mérél and Latertum., Parkinson
and Glenday point out that the meﬁamorphosed sediments
resemble the Turoka Series so closely in petrological
chara¢ter, that zlthough the nearest definitely knoen
occureence of the latter series is south of Marsabit,

. some 200 miles away to the east, there'cah be little doubt
of-their general contemporaneity. If this correlation is
valid, then these metamorphosed sediments are distributed
over a belt of country some 702 miles in leﬁgth by 250
miles in width. Similar rock types have also bean report-
edﬁy Parkinson from the Buna area of the N.F.D. of Kenya.
' Quartz veins intrude the Basement rocks at Various
places, but so far very little mineralisation has -beemn
found in association with them. Pegmatite veins are every-=
where cdmmon and in some cases attain widths of up to 200
feet, as in the area just south of Laisamis. Very little
accessory mineralisation appears to be associated with the
pegmatites except vhere they are intrusive into'schists:
but in some such areas, Roberts,of the 42nd,Geological
and Geophysical‘Section, S.A.®5.C., has féund garnets. up-
to one inch in diameter and hornmblendes and tourmalines
up to Ehree inches in length. Other accsessories,sometimesg
developed in fairly large amount in favourable locaiities,

are biotite and muscovite..Attempts at mining the mica

have been made in various parts of the Colony, but so far

]

with
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~with only very 1imitéd success. -

Roberts, in an unpublished report, gives the follow-
ing list of rock ty;;s noted by'his party in thé-Basement
Complex of the northern part of thefColony:-‘

Quartzite
Garnet-gramilate
B1ot1t°—kara-gnelss
Biotite-ortho-gneiss with much quartz and felspar
Biotite-schist
Amphibolite
Hornblende-gnéiss and schist
Garnet-biotite-schist
Gz net-hernblende~-schist
Garnet-hornblende-blotlte schist '
Calcite-tremolite stringers of unknown sedimentary
or igneous origin .
Tale rock
. Pegmatite veins(rarely carrying 2-inch muscov1te)
Quartz-tourmaline and quartz veins .
Coarse-gralned"granlte" with 2-inch idiomorphic
crystals of orthoclase
Several unidentified hybrid rocks where 1ntru51ves
have mixed with the surrounding countiry rocks,

and states that " the biotite-gneisses.......... are the
predominant types, through whicﬁ run the var;ous schist
bands which are exposed on the West Suk Plain,..... More
- detailed work will probably prove the existence of at
least two ages of sediments, foliowéd by granitic intrus-
ions, All the ancient sediments -have been folded and con-
torted along a general north-south axis...... and into
this élﬁereé mass has been injecte@ the younger gpanites
and its offshbots, the. quartz and pegmatite veins,™

_The moré elevvated areas gf Basement Complex rocks
are chiefly madé.up of highly resistant granitic gneisses
in sharp contrast to the low—IV1ng, chnt]v undulating

country associated with the more easily eroded siliceous
biotite-schist and gneiss. IZamples of inselberg type
' of
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éf scenerj,produced where the grqnite;gneiss is surréUnd-
~ed by the more easily eroded schists,may be seen at Ngom-
ehi near the Thika-Garissa road, between Archer's Post
and Laisamis, near Kacheliba in the.West Suk, at Loriguma
and in many other iocalities. In these districts thé in-
éelbergs are oniy a few hundred-feet above the -0ld pene-
plain. Examples of 0old mountain ranges also genérally of
granitoid gneiss are to be‘fouhﬂ in the Ndoto-Matthews
Range wést of Laisamis, and on tﬁe Cherengani-Moroto-
Muruénisigar Ranges between Kitale and Lodwar. The hilly
broken countey around Mwingi on-the Thika-Garissa road
appearé to.be a deeply-dissected peneplain on these massive
crystalline rocks. | .

The charactefistic surface features of areas underlain
by Basement Complex rocks in Kenya, especially in thé“
N.F.D., are wide-spread plains with a sandy soil which
quieckly loseé its water during the dry séason. In areas
of low rainfall ihe vegetatibn consists of scattered
tufts of dry and parched herbage in the dry season, and
such d;ought-résisting trees as the spipy acacia and' cand-
alabré euphorbia. In the more humid areas; however, good
agriéultural Iand is found, as in the Machakos areé,gtﬁe
Cherengani area north of Kiﬁale and elsewhere,

‘From a Watefg:beariﬁg point of view, the crystaliine
rocks of the. Rasement Complex are of great importance =%

since they are found over extensive areas and can usually

be
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be relied upon to gi&e steady, though possibly small,supp-

-1lies of water. The more coarsely crystalline members,such

as granites, are ﬁsually poor water-yielders and at any
considerable depth are tmigdheral coﬁpletely devoid of
water, Bdreholes‘in granitic rocks mainly rely on strik-
iné well-developed joints for their supplies. Such supp-
lies are not often larse, but exceptions to this have
been noted The joints are usually very 1rregular im size,
direction aqd distribution, this being particularly the
case witﬁ vertical and highly:inclined joints, tﬁe hqriz—.
ontal joints being generally slightly more regular, For
this reason supplies from boreholes in close proximity to
each other may varj considerably. The joints and cracks
tend to become tighter ahd fewer with increasing depth

and yields will normally be found to decrease.accordingxy

- This is borne out by a study of the probability curves

for the Basement Complex of Kenya (Plate I), a fuller

discussion of which is given later.

Schists do not usually have such.well-developed cracks
and joints as the gneissic and granitic.rocks and.thqse
which do occur are usually .closed at a shallower depth,
The findding of water in any quantity in such rocks dep-

ends on striking a decomposed or softer layer of coarger

' grain than usual below the water table. Where stich oscurs

it is generally a bed of siliceous biotite-schist. This
has a considerable distribution in the Colony as partlof
the Turoka Series and is usually well decomposed and open—

grained
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grained bo'ponsiderable depths. l 

When chodsing borehole sites in the Basement Compleéex
it is wise to make use, where possible, of drainage lines
leading from large catchménts. Depth of'decomPOSition\is
also of greét importance, since water is more likely:to
be stored in decomposed material than in the more COmpacﬁ
unweabhered zone below, which cafries.its water, if.ahy,
in cracks and joint planes. One of the most useful and
simple methods of determining the deptn of decomy051tlon
is by use of the geophys1cal "Megger'. This instrument
also has its uses in determining the depth of any softer
" layers, such as bittite-schists etc,, intercalated with
the haraer fock_types. Biscet (1941) mskes thé‘;nterest?ﬁg |
point that in granitic gneiss,tgecemposition of the fel-
spars may result in the formation of enough kaolvn to nff—

adequate

ectively prevent/recharge of any reservoir which exists

below the weathered zone, by cutting down the infiltrat-

ion of rainwater and also increasing the run-off,

A

. BOREHOLE RESULTS IN THS BASEMENT COMPLEX.

An examination of all available records of boreholes
drilled in the Basement Complex of Kenya shows that out
of a total of 160 holes drll‘ed 109 or 68,1% were succ-
essful The average depth was 229 feet, while that of the
successful holes was 236 feet, water being struck at an
average depth of 139 feet, rising under pressure'fo withiwn
82 feet of the surface) i.é. undefland aﬁerage hydrostatic

head
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head of 57 feet. The average tested yield of all\borehole
- was 1,000 g.p.h. The attached tabular representationiof
the results'(TEble I) analyses the depth at which water
was obtained and the yield at various-depths, It 1is in-
teresting to. note uhat a hlgh proportlon of the holes
struck water at a depth of less than 10D féet (12 holes
betweeﬁ'o 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 striking wauer below
- 200 feet was small (20 only) and these. averaged 990 g.p.h.
with a maximum yleld from one of the holes of 2,900 °.p h.
No borehole;reached water at a greate; depth than 320
feet.,

These results have also been shown graphically -as
probability curves. A study'of these curves (Plate I)
suggests that tﬁe chances of oﬁtaining water at depths
greater than 270 feet. are not great enough to warrant
drilling to greater depths unless geological and geophy-
" sical indications are exceptionally favourable. Anomelies
may have been produced in these'curves because of the
small number of results available for use, a facnor which
gives_too much prominence to the deeper holes, Only 6.4%
of the total number of successful holes gave water below
270 feet and these produce 7.6% of ﬁhe total yield. |

only 4 boreholes in these'rocks struck water in ény

quantity which was too saline for use. Tﬁo othere struck

very
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_ very small amounts (20 to 30 g.byh.) and are not consider-
ed here., These saline holes averaged 373 gegthin depth,

an average yield of 1,150 g.p.h. being obtained at 173 |
feet, rising under pressure to within 150 feet of the .

surface,

BOREHOLES IN TS BASEMENT COMPLEX OF THE MACH&KOS-SUL?AN

HAMUD AREA, , _

This area has been treated éeﬁérétely in the tables
because a higher percentage success has been obtained:
here than in any other area-of Basement Complex rocks in
the Colony,'and also because more, boreholes -have been
sunk than in any otber limited area of Basement Compiex
rocks, _ _ | ‘

The boreholes were drilled in both the Turoka Sefies
(metamorphosed sediments)and'the granitoid gneisses, but
unfoftunately there is insufficient evidence available to
make possible a comparison_ia_thg yields and depths to
water in the two distinct.rock groups. | |

In all, 72 boreholes have been drilled in this area,
of which 31 were'successfﬁl,.a‘percentage success of 70,8,
The average depth 8 all holes was 233 feet, with that of
the successful holes 243 feet, The average depth to water
was 146 feet, a tested yield of 990 g.p;h. being obtained
under an average hydrostatic head of 54 feet,

Table II shows.that ohly three §f the successful
holes struck water bglow 250 feet and these averéged éhly

510 g.p.h., the highest yields being obtained from holes

str iking
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striking water at depths of betwesn 50 and 100 feet. The
resuits.are excellently illustrated in the probability
curves (Plate IB) which show that bering in this area to:
depths of moretthan 210'feet_will-be highly speéulative.

Most of the water occurs above 200 feet with high prop-~

ortions of successful holns at 90 and 150 feet, -rogrnsc-

ive tightening of joints with:depth:is.also indicated by
the lower averége yieid as depth to water increases. No
boreholes in this area yiedlded water which was too sal-
ine for use.

A further analytlcal table (Table III) and probabll—
1ty curves(Plate I;—) are given for boreholes in the Basea
ment Complex outside the Machakos-Sultan Hamud area. The
value of the latter hovever, is doubtful, as they are
scatteq@ over an immense tract of country. The curves do

however, exhibit similar tendencies to those of Plates Iw&

and I¥ein that they show maxima at 60 feet vertigal inter-

vals, In this case at 50, ilO and 170 feet, with a small-
er peak at 210 feet, V_ry few boreholes struckhwater
below 210 Feet and, as is the case for the results over
the whole of the Colony, the small number availabde may

have produced anomalies in the curves,

IV (b)— THE DURUMA SANDSTONE SERIES.

In the area behind the coast from the Tanganyika bor-
der to some distance north of Membrui is exposed a series
of grits,sandstones,flagstones and sandy shales of terr-

estrial and lacustrine origin, named by Reichenbach (139¢)

vas _ 7 . : the



- 25,

‘the Duruma Sandstone Series. They occur in & belt, rough-

'_y parallel to the coast, some 35 miles in width and rls-

elevation

1ngto a maximum/of some 1700 feet above sea level, They- -

'dlrectly overlie the gnelsses and schists of the Basement

Complex to the west and are themselves overlain by Jur:: -

- _ assic shales and limestones, or by Magarini Sands and

coastal sands and corals to the east. To the north they

didappear be neath the so- called Merti Beds which in thls

area are now also thought to be of Jurass1c age., -

Gregory (1921) classified the series as follows, thg

youngest beds being at the top of the table:-

- (a)

(b)

(e)

The Shimba Grits- coarse quartzo-felspathic grits
with micaceous bands,layers of quartz conglomer-
ate and beds of ferruginous sandstone. Wind-pol-

ished facetted pebbles.sﬁggést desert origin.

Mageras Sandstone- coarse felspathic grits i@ﬁér-
bedded with red, buff and white sandy+shales,
ripple-marked white sandstones interbedded vith

thick shales and cross-bedded sahdstdnes.

Mariskani Sendstones- flaggy fine-grained compact

white sandstones, grey and yellow sandstones,

(d) Maji ya Chumvi Beds- hard shales and olive-green

(e).

. The

sandstones with bands of Jjointed sandstones.

Taru Grits- coarse quaftzo—felspathic grits

interbedded with hard black shales; pebbles and
sand grains derived'from gneiss. |
Series ranges 1in age from the Permian Taru Grits

"to
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the Triassic Shimba Grits, and has not so fér proved to-
be such an important water bearer as have similar argen-
aceous successions in other parts of the world, though
Hit_has not yet been intensively drilled,

Sixpeen boreholés have been sunk in the Series, of
which lB_havé given supplies of-potable water, Ten of the
holes are in the Mariakani-sénéstones and three of these,
-according to'émkes, probably entered the Maji ya Chumvi
Beds. Borehole No.102 at Samburu started in the Maji ya
Chumvi Beds and prbbébly passed down into the Taru Grite .
while four other holes were drilled for the vhole of their
depth in the Maji ya Chumvi Beds. The Mazeras Sandstones
have not yet been -explored by. drilling, but éincé springs
issuing from them are frech, it is likely that good supp;
lies of potable water would be obtained from them, ,

Four boreholes, 2 in the Marigkani Sandstones and ?
in the Maji ya Chumvi Beds, struck large supplies f'hich-
ly sd.lne water at shallow depth, but by casing and cTout-
ing off these supplies and going deeper, good supplles of
only slighﬁly saline'water'were bbtainedJ One of these
holes, M/38, 7.4 miles from Mariakani Station,gave a
small artesian supply (228 g.p.h.) of watef.which was at
first charged with methane, but this gas later disappear-
ed. Six boreholes sunk some years ago, which produééd‘
slightly saline water at first,lhave now become highlyh
saline, The réason for this has not yet been explained.

It may be that there is pollution -of tﬂe lower water bj'

more sallne water from hlgher levels, or it may be due to
over-pumping
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~over-pumping, with éoﬁsequént exhaustion of the fresh
water layer'lying“abéve"more saline water,

The -average total.yield of the 13 sucessful holég -
‘was 1,300 g.p.h. from a depth of 231 feet, the rest level.
being 58 feet. The average total depth of the.holes was

305 feet,

IV (e)- THEZ JURASSIC ROCKS.

Two main areas of Juraésic rocks are known in Keﬁya,
one more or less parallel to the ccast and overlying the-
Duruma Sandstone Series, and the other, which 1s of much
greater. ertent, in the Northern Frontier District in the
‘north-east corner of the Colony bordering Italian Somali-< -
and'énd Abyssinia. Relatively little geologiwal work
has been done on the rbéks of the latter area, but Geeg-
ory collected a considerable amount of data on those of
the cdastal area near Mombasa, and sub-divided the rocks

as follows:-

(a) Chamgamwe Shales- (Corallian), This is the uppér-
most of'+he four divisions of the Jurassic in the
coastal area and is essentially an olive- -green
and yellow shale with calcareous and 1ronSuone
nocdules, septarla and'many ammonites and belem-

nites,

(b) Mibitini Shales- (Oxfordian).Dark-grey to black
unfossiliferous-shales with calcareous nodules

1nterbedded with haIL-1nch lajers of - arraaonlte.

" (e) Klblonhonl Beds-
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Kibiongoni Beds-~ (Callovian).These occur inland

of the Miritini Shales and are characteristic~

ally shales,yellow micaceous sandstones, chergy

inmudétones and shelly sandstones. Some of theu

(@

sandstones are strongly false-bedded and some
show evidence of shrinkage c#?ks and rain pitt-
ings. |

Kambe Limestome- (Bathonian). This is the lowest

member of the Jurassic in this area and contains
three main types, the most ébundany being a dark-
grey unfossiliferous rock which may be sandy and
contain pyritic nodules., The second variety is

light-grey in colour and  packed with massive cor-
als, while the third, which is found interbedded
with both the other types,is oolitic and piso-

litic.

There has been some érgumenﬁas ;o the relation be-
tween the Duruma Sandstone Sgries and the Jurassic rocks
which overlie theém, but Gfegory favours an unconformity
between the two.series, rather than that the Kambé Lime—--
stone forﬁed a pascage bed betwezn the Duruma Sanéstohes

and the Jurassic,

Records of.boreholes in the Juraésic beds of the

north-east corner of the ﬁ,F;D. show that alternating
bands of limesﬁone, shale and sandstone are found down -
to depths of 400 feet: along the Wajir-E1 Wak road (as at
Wajir Bor and Mile—46) while nearer to El Wak, sandstones

are penetrated for some considerable depth before pass-

ing into
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| ing into limestones and shales. The sandstones, the Mar-
ehan type, have besn referred by Busk (1939) to the Dur-
uma Sandstones,but the boreshole evidence disproves this
correlation. They have been classed by other geologists
as Crefaceous, but Dixey (personal communication) now
suggests that they are Jurassic in age, since he has not-
ed that the fossiliferous marineiliméstone passes up into
them by altnrnatlon at the foot of the Marehan scarp of
the Bamba Hills. ' ‘

Water supplies in the Jurassic rocks of Kenya would
appear to be on the whole extremely poor. Limestones are
knovmn to vary greatly undef different conditions in ﬁhair
usefulness as aqulfors, malnly due to the dlfLerences in
the extﬂnt to vhich they have been subgected to the sol-
vent actﬂon of percolating waters. It is well known that
young limestones contain many vowds betwenn the individ-

fragments

- ual calcareous/ERak®x of whigh they are composed, but .
these usually become filled with calcareous cembnt depos~
ited By solutions passing through the rocks. In this way,
older iimestones become compact and imperviéus_exgept along
cracks, caves and passages developed by éolution along
' bedding planes and cracks, Unless such fissures.or qaves.
are struck in the drilliﬁg, it is unlikely.that large
supplies of water will be produéed from boreholes in ‘lime=
stone; which accourits for the extremely sporadic occur-
ence ,of successful boreholes in this type of rock.

The second main division of tHe Jurassics, the shéies,

are
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are amongst the worst water bearers of ény type of rock.
Qayays, béing formed by the induration of elays, have
extremely fine particles with minute interstices., Under
ordinary hydrostétic pressure they will not give up any
water they do contain, but if joints and bedding plaﬁes
are well developed in the zone of decomposition near the
surface, small'supplies may be obtained from‘this'zone.

Two boréholes only were drilled in the Jurassigs of
the coastal belt. Borehole No; 1087 at Vitengeni gave 875
g.p.h. of highly'saiine water at 136 feet, at the base of
a shale bed above limestone. This was cased off and.a |
supply of 350 g.p.h. of potablé water was obtained at 386
feet, in sandstone which is possibly the Mazeras Sandstone
of the Duruma Sandstoné Series. Borehole No.173 at Kiten-
wangi gave 1,000 g.p.h. of saline water, unfit for use,
at 190 feet in a séndy band in grey calcareous shale, and
although drilling was continuéd to 550 feet, no supp;ies
of fresh wéte:.were encountered, |

The Jurassic beds of fhe ceastal areé are rebeated
by fadlting'and their actual thickness is not known, but
there is no doubt that they are of considerable thickness.
.It is doubtful whether they could-be penetrated economic-
ally from a water-boring point of view to reach the Dﬁruma
Sandstoﬁes below, except where they thin ouf towards their
surface cpntagtlwith the latter series,

.Qight boreh@les,werg drilled in the Jurassics of the
N.F.D. and only one of these was successful, No,l60 at

Mije
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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 in thim sandstone bands
in the shales, The rost level in this hole was 280 .feet.
Borehole Vo 189 at mile 76 on the same road gave a total
yield of 50 g.P. h and is classed as unsuccessful Other
holes were drilled to varying depths up to 400 feet with-
out striking any water.,

A summary of drilling in the Jurassicg therﬁforel
shows only 20% success, the two successful holes averag-
ing 401 feet in depth, with waﬁer at 368 feet, rising to
within 200 feet of fhe surface, ‘

IV (d)- THE TURKANA GRITS,

Mr. A.M. Champion (see Campbell Smith 1938) has re-
ported three diétinct and rather widely sebarated areas
. of sedimentary rocks which are mainly felspathic grits
and sandstones with minor developments of conglomeréte,
from the Turkana District, ﬁest of Lake Rudulf. The name
Turkana érits has beenlappliéd to this sedimentary series.

In the Labur Hills they rest on the Basement.Complex
and are themselves overlain by flows of amygdaloidal bas-
alt or compact basal£ which-is either poor in olivine or.
entirely olivine free. The sediments in this area have,
also been.described.by Arambourg (1935). who named them
the "Serie de Labur" and correlated them provisionally
with the Adigrat Sandstones of Abyssinia, Fuchs (1939).
poipts out that “this correlatiop cannot stand, because

fossil
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fossil trees found in these beds heve'shown them to be
not older than Cretaceous and more'probably to be of 0l1-
~igo-Miocene age. . |

A seeond and more exrensive outerop occurs south of
Kosekria and north of the Kegwalas River (Champion) and.
here the grits appear to be cut by microfoyaite dykESa At
‘ mile 74 on the Kalin-Lodwar road in this locality, Simp-
son of the 42nd Geologlcal and Geophysical Section,S.A.E.C
‘reported "a fairly extensive dep051t of_sedlmentary beds_
coﬁsisting of arkoses and conglomerates, Travereing these
beds are a number of parallel dykes running roughly nérth
and south." In Arambourg's map (1935) this area of grits
is shown expeﬁding to the Kagwalas River and round the
southern end of the Lothidok Hills, He also shows anoﬁher
area of grits to the south of the Turkwell Rlver.

At Kosekrla and six mlles north of Kosekria Camp on
the Kalodeke—Lokltaung road, Champ;on noted hard compact
conglomerates, apparently at the tep of the grite and
eandstoneé..Pebbles in these conglomerates are said by
Ceampbell Smith to be well-rounded and many of them are up
to two centimetres in dieameter. They consist mainly of
pale-buff and greenish felsitic rocks set in a matrix of
either angular fragments of felsitic or felspathic mater-
ial in a dark base, or of ferruginous and calcitic mater-
ial. |

Roberts also reported conglomerates of this series’

from various local1t1e as at thirty miles north of Lodﬁav

and
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and again at Teban and Loruth where flat-bedded conglem-'
.erates overlie lava of the augite-porphyry type. In the ¥
Taban-Leruth eree, the conglomerate is finer grained  than
that nearer Lodwar.and has been much more indura;ed by
secondary siliceous selutioﬁs.'Further proof of the cir-
culation of these s1llceous soluulons is found in the val-
1ey 3/4 mlle due south of Loruth, where angular pebbles
of weathered gneiss have been cemented into & hard brecq—
ia. Roberts found a few felspar pebbles in the conglo&er-
ate, but'insﬁffibient to justify the name arkose. The scar-
city of felspar and the rounding of the quartz gralns and
pebbles indicate that the conglomerates have had a 1ong :
transportation history. Their provenance has not yet been
determined. |

Fuchs (1939) suggests tha£ the Turkana Grits may be-
correlated with Gregofy's Kamasian in its earlier restr-
icted sense in the Lake Baringo-area, which is probably of
Miocene age. -

The only borehole drilled in'the Turkana Grits (SA/29
‘at mile 83 on the Kalin-Lodwar road) was not 1egged in
detail but sandstone was reported throughout the whole of
its depth (188 feet). Wate? was found at 94 feet, rising
undsr pressure to witbinlgo feet of the surfaee._The test-
ed yield was over 3,000 g.p.h, and it wculdeappear'thaﬁ
these sediments should prove a vaiueble source of borehole

water supplies in the future.

IV-(e)- THE MERTI BEDS.
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IV (e)- THE MERTI BIDS,

The seriés of nodular limestones, sﬂgdy, clayey and
pebbly Beds with minor gyﬁsiferous develoﬁments, which
covers é great part of the Northern Frontiethistricﬁ'and
the eastern part 6f Ken&é, and is characteristiéally dev-
eboped in the Merﬁi area, has been named the Merti Béds.
It hés been assumed by many geologists who have visited
these parts of'the_Coloﬁy that such deposits are only
thin surface coverings upon Baéemént Complex gneissés and
schists, but drilling has shown them to be some hundreds
of feet thlck over a great part of their outerop,

Some 17 miles south-west of the Merti "dukas", an
excellent cliff section of 250 to 300 feet in thickness
has been reported and described by Roberts (unpublished_-'
report), This section shows a complete succession from
the. Basement Complex gneisses, througﬁthe Merti Beds, to
a capping of lava which Roberts classified as a Pleistoc-
éne'basalt. He observed that in this cliff section the
pebbles of the gravel were extremely.well-rounded, gncept
immediately above the gneiss, indicating 2 long transport—'
ation history, No current bedding was 6bsérved, but the
absence of dreikanter, desert varnishing and frosting,to-~.
gether with the poor grading, suggested that the beds had
an aquatic (marine or lacustrine) mxxgim rather than én
aeolian origin. No fossiIs'were.fouhd,.but this may be ac-
counted for bj the fact that only the more robust types'

would be_expected to be preserved in such coarse gravel

3 @epqsits.
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deposits., Fossil wood (aslyet undetermined) has recent-
1y been found by'Dixey in comparable beds in the 'Chalbi

Desert, east of Lakc Rudolf., No volcanic material has

been observed in the sediments of the Merti area, the beds

being made up entirely of gneissic debris.

The volcahics whlch cap the sediments in the Merti
area have been classed by Roberts and others as Uppér
Pleistocene in age. This may well be corfrect in the case .
of the lavas of the phalns, but where isolated hll1s (up
to 400 feet above the level of the surroundlng country)
are lava-capped, it would appear that the lavas, and
therefore the undérlying sediments, are much plder ﬁhan
this since denudation to a depth of 400 feet in Recent

times is scarcely likely. It has been suggested that the

[ ORI

sediments weee 1a1d down in the early Tertiary pre;vblcan—j

ic pluv1al period and p0351bly correspond in age with-the

Turkana Grits west of Lake Rudolf as described by Champion
(1938) and Fuchs (1939), Recent work by Dixej,however,

has led him to the conclusion that these beds in the ‘meain
are merely zhxn a contlnuatwon of the Jurassic beds of the
northeeast corner of the htF.D., with a change in facies

from caléareouS'(as in the north-east corner) to arenac-

eous and argillaceous as represented by the sands, gfavehg'

and clays developed in other areas, Dler also sug gests

{personal communication) that roughly west of a llne:thr—'
ough Marsabit the sediments are of Miocene age, The foss-
il wood already mentioned may Be of value in finally:ass-

essing the
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essing the age of these déposits.

Additional information regarding this series has been
obtained from boreholes sunk in it during the course of
military operations in East Africa in 1940 and. 1941, The
deepest hole was sunk at mile 245 on thé Thika-Ga isca
road; Here 430 feét-of alternating sands and clays were
penetrated before drilling was stopped, and a very_smﬁll
quantity of highly saline water was obtained at the bott-
om of the hole. Several boreholes were sunk at intervals
along the Garba Tulla-Wajir road in this formation. Most
of them show limestone debosits, usually of a nodulat
‘nature, with intercalations of sandy beds, down to dep¥hs
of 100 to 200 feet, followed by alternating sandy,clayey
and pebbly beds. Boreholes SA/3, 38 and 61, the logs of
which are shown below,-aré typical of holes in thBi) loc-
ality.

SA/3-_Lak Boggal.
0- 3 feet - Sand
H B -

3- 35 Soft Limestome.

35- 200 ¢ soft quartzitic limestone
200- 270 " Auartzitic vhite clay
279- 280 " Red quartz sand
280- 310 " Limestone, clay and sand.
310- 325 * " . Red guartz sand and clay.

. SA/38- Ndeges Nest,20 miles south of Wajir.

O- 5 feet- Soil

5- 89 " Gravel and limestone
59-'131 ¢ Sand and clay
131~ 35¢ " Sand, clay and gravel,

SA/81- Cross roads,Merti-Wajir-Arba Jahan-Habaswein,

0- 3 feet- Soil : . -
93-‘ 25 o Hard quartzitic limestone -
25- 90 o Quartzitic limestone
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- 90- 116 feet- Sand and limestone
118 -245 - Sand and clay,

Borehole M/4 at Tl Dera, on the Isiolo-Habasweim road
(mil%93) penetraﬁed‘the lMerti Beds at 305 feet, passing
at this depth into weathered biotite-gneiss of the Base-'
ment Complex. The log of‘this hole is as below,

0- 3 feet- Top-soil -

3- 20 Sandy clay
90~ 305 " Alternating sand and clay beds
305- 349 " Weathered bidtite-gneiss
349- 408 " Hard unweathered gneiss,

A small quantity (30.g.p.h.) of.hiéhly saline water was.
struck in the hard unweathered gneiss at 368 feet, the rest
level being 858 feet.

In addition tb the extensive outcrop of these deposits
down the eastern side of the Colony, another \1de spread
occurrence of similar beds is seen in the Chalbi Desert
area, bounded to the east, momth and west by volcanics
and to.the souﬁh by Basement Cbmplex rocks. Good outecrops-
may besseen -adjacent tb the new Harsabit-Mega road frdm
”_ m;leko.té mile 55 and are described in detail'in the'secmﬂ
part of this thesis.

Oniy one borehole was sunk in this area (sA/112), at
mile 55, just below the low lava scarp, and yielded
1,260 g.p.h.-of excéllént quality water from a sandy con-
glomerate at’a dépth of 140 feet. The rest level was |
135 feet.. |

Boring for waterin these deposits has,on the whole,
been singularly unsuccessfui Out of a total of 30 holes

sunk, only 6 were successful, two produced water which

Wasg
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was too sallne for use and 22 were complete fallures, a
that for

percentage success of 20 only, whlch apart from/the Jur-
assics, is the lowest recorded for drilling in any form-
ation in Kenya., The average tested yield was 580-g.p.h.
‘at an average deptﬁ of 249 feet., The average rest level
was. 237 f€et and the average total depth 260 feet. The
average depth of all the holes was 266 feet,

The six successful holes weee :-

SA/112- mile 55 on the Marsabit-Mega road- 1,200 g.p.h.
T . at 140 fest.

SA/69- Liboi- 400 g.p.h. at 290 feet.

SA/70- Galma GalZa- 1,000 °.p.h at 245 feet- sallne
but potable, :

SA/98- Kolbio- 300 c.p . at 194 feet- saline but
potable. :

SAY/68- Galma Galla- 200 g p.h. at 270 feet- saline
- but potable.

SA/67- Hagadera- 620 g.p.h.'at 357 feet,
It will be noted that of the 6 successful®holes, three
gave salins but potable water, |

With reference to the Hagadera area, Simpson \unpub-
lished report) states " At Hagadera fairly well-consolid-
ated sandetoﬂe was encountered in borehole SA/67, yield-
ing a good supply of fresh water, On the road ‘to Libgi,
whicﬂ runs as far as Wardeglio on Lak Dera, these sand-
stones outcrop in the banks of the Lak, and specimens
taken show them:to be fine andlcoarse grits with frequent
layers of conglomerete. The pebbles are mainly rounded gm

quartz with occasional pebbles of gneiss so that the

. .sandstones
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sandstones and conglomerates are mainly composed of_gran—
itic debris....... The beds differ entirely from the . -
sands and clays of the Merti Beds to the north round Hab-
aswein and may be Duruma Sandgtones", " The difference
noted by Simpson does not affect'ﬁhe classification of
these beds as Merti sinée those to whiéh he refers in

£he Haﬁaswein area are,'as noted 1ater,lthé prodﬁcts of
resorting of the Merti Beds by the Uaso Nyiro River,

‘The magorvty of the succescful holes were sunk either
in or in the immediéta_vicihity of pans or dry luggshs.
Dixey (personal communication) has pointed out in this come
neetion that most of the lgrger pans are not mefely hap-~
hasard depressions in the general level of the country,
but are most probaﬁly-cut-off meanders of an ancient fivev
system. A certain amount of'evidence ih support of this
vieﬁ has been noted by the writer in the'neighbourhopd
lof the pans in the Gherille area on the Wajir—Bgrdera'
road, vwhere a . very varied assemblage of.well—rounded pebb--
les was noted. These 1ncluded gneiss, sandSuone, quart21te,
1ronstone, quartz, c hcrt ete., in addltlon to the more
common nodulas limestone fragments,

Considering the above facts ih is not improbable ﬁhat
the meagre water supplies of the NiEF.D. could be augment -
ed to a certain extent by the drilling of boreholes sﬁit—
-ably sited in some of the larger pans. A further poi nt is
- that none of the holes so far ‘drilled have been takﬁn bo

any great_depth. In this connection there is reason to

suppose
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suppose thét by éuitable_geophysical methods, tﬁe'sub-
surface.topography of the underlying Baseménﬁ Cbmplex
could be mapped in many areas. Boreholes put dowq in old
valleys in this ancient land surface should have a good
chance of.spriking water, though this might prove to be
saline. Tt would of necessity entail drilling to consid-
erable depths and would also reqﬁire detailed prelimiﬁary

geological and geophysical investigationms.

IV (£)- THS HABASWEIN DZPOSITS.

These deposits, Qery éimilar'in general character to
the Merti Beds, are found on each side of the Uaso Nyiro
River in the neighboﬁrhood of Habaswein, The are,in all
Probability, the produéts of resorting of the lierti Bedsl
by this river as it sﬁifted_its-éoarsé froﬁ time to time
during earlier periods of its history. Roberts suggests
that the fine dust which is so_prevalént iﬂ this area may-

-~

ﬁé classified as- a weathered or possibly unconsolidated
loess with'a,non-calcareéus Cement.'Many‘mollusc remains
of the Turritella type are, however, found in this mater-
ial, and it %= therefore seems much more likely that it is
an éluvial or alluvial silt. . |

In this areé a certain émount of success has heen ob-
tained by drilling. Out of a total of 18 holes drilled,
€& were successful, averaging 550 g.p.h. at a depth bf 64
feet, the average rest level being 54 feet,.The average

depth of a%l the holes sunk was 100 feet, the deepest,:

(dry)-
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(drj) being 237 feeﬁ. The drilleré'logs are unfortﬁnately
~not detailed, all showing only top-soil and then alter-
nating'sands and clays to the bottom of the holes. Four

of the boreholes cléssed as.unsuccessful wotuld have yield-
e water if an effective ﬁethod of separating the water
from running cand could have been devised, Further supp-
lies could no doubt be developed if.necessary in this

area by drilling both up and down this old stream course.

IV (g)- THD KAINOZOIC VOLCANICS,

A gfeaﬁ part of Kenya Colony lies in a.volcanic zone
extending from Abyssiﬁia to Nyasaland, in which volcanic
activity has been more or less continﬁous from possibiy
as early as Cretaéeous times to the present day: Isolated
volcanoes and numerous steam jets ahd mud volcanoces are
still active in several localities in the Rift Valley.

During this immensely long period of vuléanicity,
iavas and pyroclastics were spread over emormous areas
of the Colony, and the two highest mountains of Africa,
Mts. Xilimanjoro and Xenya, were built up. The eminent
suitability of the Kenya:Higﬁiands for white setplement
is due not only po its pleasant climate but aiséibecéuse
the weathering of the volcanies in the more humid areszs
has produced a very fertile soil vhich constitutes the
most highly productive agricultural land in the Colqﬁy.'

. The volecanics of Kenya may be divided into three

main
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main areas,withiﬁ which ‘smaller diVisiohs may be made,
while several other smaller and less important areas occur
in various parts of the Colony. --

The first main area considered is ih'the'Tufkgné _
District of the far north-west corner of the Colony be-
tweén Lake Rudolf and the Ugénda border, To,the_westithé
rocksuaare bpunded by the Basement-Complex,uwhile to the
east they.are masked by the alluvium of Lake Rudolf.;?rom
north to south the extent of thié portion of the volcanic
field.is. from -the Abyssinian border to about latitude‘: 3°
Horth. The continuity of ouicrop over the area is braken _
by patches of Basement Complex and TurkanalGrits, as‘'in : -
the'Todenyang-iokitaung aﬁea; and by Turkahé Grits again’
in'the Khosa aﬁd'Loupi Biver'localities. Large spreads of
river alluvium and swamp.deposiﬁs occur in the north-cen-
tral portion and in thé,Kagwalas and Turkwell River éreas
in the-South.. | _ |

- A comprehensive series of rock types collected from
this area by Mr, A.M.Champibn has been described by Camp-
bell Smith (1938) vho found £he southern portion to be
made up df a series of oliviﬁe-basalts, olivine-nephelin-
ites and phonolites of the Kenya type of Geegory's Laik-
ipian division. Younger phonolites and trachytes were fol-
lowed by Reeeht ewtrusions of basanites aﬁd oliviﬁe—bas-
aits. The northern‘part of'the area §h§ﬁs a series of bas-
alts followed by.pantelleritic trachyte and rhyolite, the

" relation of which to the rocks of the south is uncertain,

Arambourg
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Arambourg (1235) describeé another series of Basalts from'
the Lothidok Hills (roughly the east- centrar portion of
the area) which he clasclfled as Laﬂglulan and which may
be identical w1uh_those ‘described by Campbell Smith.

The second large area'of rolcanics is found in the
northern part of the Northern Frentier‘District, bounged
to the east by Basement Complex rocks. The eastern bognd;
ary runs from 16 miles west of Moyale on the Abyssinian
Frontier in a south-westerlv'direction to the neighbour-'
hood of latitude 3°.15' %. and longitude 39°%. whence it .
fellows a roughly southerly direction to gheun-lgtitude-,
1945t N, Here the boﬁndary has a sinuous course to the
west—north-west, passing the foot of the Marsabit"ecarp"
some 14 miles south of Marsabit and across to latitude
2°N., longitude 37°.35' E, Here a long tongue of Basement
Complex rocks and sediments of the Chalbi Desert breaks <
the continuity of outerop up to latitude 3°9,50' N.before
the vclcanics are agaln encountered as a wide band along
the sastern shores of Lake Rudolf Many 1solated plateaux.
are also capped by volcan;cs in the N.;.D..out51de the
main area as described above, as for instance the Herti
Plateau and many others of greater or less extent'en both
sides of the Archer's Post-Marsabit road. |

Very 11ttle detailed petrologlcal work has so far
been done on the volcanlc rocks of this particular area,
though_numerous general traverses have been made from.time
to time, usually with the object of attempting to find

means
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means of increasing the water supplies of the- arid Barren
area, Such traverses have been carried out by.Parkinsbn
and various members of the Hydrological Section of the
Public Works Deparﬁment of’ Kenya, while more recently a
-great deal of reconnaisance work has been done by members
of the 42nd.Geological and Geophysical Seetion, S.A.E.C.,
and 4lst, (E.A.)Water Supply Company, including the writer.

The area round Marsabit is typical of the whole of
this great volcanic field; isolated cones of ash and aggl-
omerate rise above the generalllevei of the pkain, on
which highly-vesicular olivine-basalts form low ridges,
while large blocks of similar material are scatte;é over
the 1nterven1n9 araas. The harder and more resistany bas-
alts makn up the flat or gently undul atwng country, whlle
the softer ashes and agglomerates usually stand out as
low hills and cones. Since the relatively soft and uncon-~
solidated pyroclastics form the-main topégraphic features
it is oﬁvious that they must.be considerably younger than
the lavas themselves ,.ﬁhiéh Fuchs(1939) mapped as Upper
Pleistocene in age. As the Huri Hills are approached, the
country is covered with large lava boulders and flaﬁ-ﬁoppea
ridges of highly-vésicular basalt. This lava type breaks
up'into'large,roughly rectangular blocké rather tagnﬁnto
rounded boulders as produéed by the less vesicular type.

. The vesicles in many instances have a lining of crystal1—
ine calecite. Tt 1s suggested that the lava tongues are

‘the end phase of the fissure eruptions in this locality"

. ' . | when
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'h;ghly,visbous'material carrjing a high perceﬁtage of-volé.
atiles was erubted. In these ridges are also seen many |
roughly circular shafts some 6 108 feet in diameter
wvhich are possibly late’ dry ex01051ve vents. In Lhe ﬂurl
Hills, ash and agglomerate cones increase in number and
the peaks of this range are all formed of thls naterial,
Their lower slppes consist of a fine-grained olivine-bas-
alt carrying'small idiomorphiec olivines in a fine-grained
black grounﬁ-mass., '

Micrqscopic examination by the write; of sevebal spec-
imens of bhe two main lava types shows that they are. of
normal olivine-basalt, with the more vesicular types poss-
ibly grading towards' énkaramite.

The lava-capped plateaux previously mentioned, the
Merti Plateau and several others in the neighbourhood of
Laisamis, often rise to a height of 400 feet abové the
surrounding country,-wbibh itself may be either of Base-
ment Cdmplex rocks br lava, The lava caps may directly ov-
_ erlié Basement Complex rocks or sedimentary beds of the
Merti type. It is obvious therefore, that the la&a caps
must be of considerably greater age than the lavas of the
plains; since erosion must have removed at leastléoo feet
of material.between the extrusion of the lava of the caps
and that of the pﬁ@ins.

Many definite voleanic cones and craters, . from which
bombs and lapillae of various crystalline rock types have

been ejected, occur in this area. Notable among the eJect—'

amenta are
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amenta are unfoliated granites and coarse-grained ubtra-
basic tyﬁes collected from points aé far aparﬁ as Magada
and Tass in Southern Abyssinia, Marsabit Mountain and the
Mgombe Crater near Isiolo. Only the ulﬂé—basics from the
Magada—Tass»afea have been examined microscopically, énd
they show a wide range of rock types, including olivine-
pyrdxenite with garnet(almandike), augite—pe}idotite,
augite-pgridétite with garnef,‘dunite, amphibole-olivinite
and amphibole-olivinite with garnet, but in hand - specimen
at lsast, those collected from the other localities ment-
ioned are similar.(See Part II of this thesis for details
of the above T'ocks)..

The third and by far the largest contygous sprnad of
'volcanlcs in the Colony stretches -from the north-west’ 51de
of Lake Rudolf down through the whole length of the XKenya
Highlands, bound2d along 1ts western margin by Basement
" Complex rocks, to the Tanganyika border, some 26 miles
west of Lake Natron, The ea%%rn margin of the mass follows
a foughly southerly direction from the south end of Lake
~ Rudolf towérds Meralal and Rumuruti where it swings away
to the south-east t§ some few miles north of Nanyuki.
Here a large tongue épreads north-east through Isiololan&
Archers Post, and thence follows the Uaso Nyiro River to -
the neighbourhood of Phand%r's Falls before -swinging roun&
to the Garba rT‘ulla Area, From this locality the margin

follows a southerly line to Chuka and thence east of the

, K J.R Nalrobl-ﬂanyukl line to the west side of Donyo

Sabuk’
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Sabuk. A narrow tongue follows the east side of the Athi
River from this ?oint as far south as Tsav05 while the
margin of the main mass swings to the éast of Nairobi,
tﬁrough Athi River township, to.Kapiti Plains Station on
the K.U.R. Nairobi-Momoasa:iline. From here the boundary
follows a sinuous line with'a general'south—westerly'fren&
to the Tanéanyika border at the north-west corner of Lake
Natrom. This eastern border abuts énﬁirely against Base-
ment Complex rocks except in small isolﬁgﬁd localities a
few miles east and south of Nairobi, where'lake sediments
outcrop-beneaih the volcanics. _

The gsneral suécession and petrology of the\volcanics
of this area'Lévé been - described by Prior,Gregory,Sikeé

to. them

and others, €0 only brief reference/will be made when
dealing with borehole results in different parts of the
afea. | _ | |

Other large isolated masses make up the Chulyu Hills,
Mt.Kl;lmangaro and Mt.Tlgon, while other smaller occurren—
ces are'found along the.eastern shores of Lake Vietoria
in the area south of Xisumm.

Ballny Willis (19Q6) p01nts out that this volcanic

eruptive

region 1is dlstlngulshed structurally from other/areas
associated with the formation of Rift Valleys in that the
earlier lavas issued mainly from fissures,.the isolofed
volcanoes of this age being mainly incidental. Later, the
great cones of Kilimanjare and XKenya were built up. Sﬁch

~ cones. as Jenenga;, Suswa, Longonot ete,, are probably of

fairly
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fairly récent age, since the:weaihering of the soft mat-
erial has so far beén slight. It wguld appear'that the
_earlier lavaé, have, in the main, risen through the-Base—
ment,Com@lex along steeply dipping fissures, and have spr-
ead out on i‘eaching the ‘surface to cover the Basement
rocks with an enormous thickness of extrusive material,

Trevory (1921) cla551f1ed the volcanic rocks-of East
Africa generally as ranging in age from the Upper Cretac-
eous to the Upper Pleistocene, His dating of the older
feprésenﬂatives, from'the‘jpper Cretaceous Kapiti 7honol_
ites to the !Mioceme Laikipian basalts.and aucitites‘; is
based.mainiy ﬁpoﬁ his interpretation of the zge of; (a)the
torrential gravels in the Vicinity of the Xavirondo Gulf
of Lake Victoria, in which fragmental remains of Dino-
therium hobleyﬂwere found and which he condidered to be
of Miocene age (see also Oswald 1914), amd (5) the so-
called Kamasian Lake Beds in various parts of the Riﬁﬁ
Valley, Willis (1936) is of the opinion that the fossil
in (aa above has in fact been transported and redeposited
in Pliocene Beds, but Xent (1944) proves'conclusively
that the beds containing the fossil are of Miocene aée
and overlie an older agglomerate which he thinks 1s of .
Aarly Tertiary age, resting directly on the Basement Com-
Plex. Leakey and Solomon, Working on the Mgasian Beds
whicn Gregory clasged as Oligocene find, from the evidence
of palaeolithic implements collected from certain'of_the
beds, that they must,.be Oof Pleistocene age, while other

beds
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beds in which no implgments-have been found are conéidér-
to be not older than IMiocene.
| Much work remains to be done on these rocks and.the
intercaléted sediments before they can be definitiy dated
Eut all the available evidence indicates only that the
earliest agglomerate is older than Miocene and theie app-
‘ears io‘be no direct evidence that the Kapitian -and Doiny-

an are pre-Miocene in age.
Y

G’NERAL'WATER BIARING PROPERTIZS OF THE VOLCAITIC ROCKS

' Tolman (1937 ».302) class1f;es the factors governing
grbundwater movement and aécumulation in lavas under three
heads :- _

(a) Vertical permeshility due to fractures,

(b) Horizontal porosity and permeability in horizons
containing gpenings.due to flow and gas expansion
during solidification, and |

(¢) The occurrence of impervious horizons and dykes.

Massive unfractured lava is impervious and a goqd exaﬁple
of this is the Kapiti phondlite of Ken@x, ’hich so far has
proved to be practically useless as a water bearer and
vielder in boreholes. This is the oldést of'the Kainozoic
lavas of Kenya and ih isolated ihstances it has been poss=
ible to penetréte it to reach the underlying Baéemeni Com-
plex rocks, which have yielded water in a greater or less-
er dcgrﬁe. In other Pases Water has been obta1ned from

old “weathered land surfaces between successive flpws. Ex-

amples of this will be discussed later,
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of ﬁhe-other lava types, the mofe basic varieties,
such as basalts, are usuailyﬁthe most useful wate? Bearers

The fracturing of such rocks, due to volume shrinkage on
devitrification,.is appreciable,and these fractures not
only provide adequate MAgtry for the.water above the water
table but also freely yield up their water from interconn-
ecting fractures below the wacter table. In addition to the
shrilkage fractures, the basal portions of the various
flows oftén have a bouldery habit duelto the rolling over
of the rapidly cooled upper.surface of the_viscods'lava te
the under side as the front of the flow advanced, again
tending to produce a very free water channel. Furthermore,
the weathered surfaces between the various flows and the
greater solubility of the commoner minerals of the basic
lavas tend to produce greater porosity and permeability
in them than in the more acidiec types.

Rhyolites and other acidic types often remain vitreous
- on solidification, and thus have a smaller number oflless
well-developed shrinkage fraétures than the more basic |
variéties; butm'on the other hand, they contaln mobte gas
openings and thus amygdaloidal and scoriaceous toxtufes
are more common. On the whole, however, these rocks are
less useful as water bearers than the basic types,

Pyroclastic rocks (ashes ,tufs, and ag;lomerates)
which make up a large proportion of the Volcanlcs of .

Kenya, have two dlstlnct water-bearlnb-propertles depend-
ing mainly on their mode ‘of deposition. Sometimes the

finer
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finer grained beds are deposited, after being'cooled#w
their éassage thrdugh the air,_in compact‘masses without
resultant cooling cracks., Suchvdeposits form impervious
layers and inhibit the passage of water to lower beds.

Due to their compactness, they are usually dry below the
weathered zone, or at any rate do not readily yigld'ény
water they may contain., Such beds are, however , of import-
ance when underlying'more pordus’ beds in depth, by virte
of their impervious natﬁfe. : ;

In the other.extremeﬂcase,;é%at thicknesses of only
loosely consolidated pyroclastics ﬁay be so porous as
allow water to percolate th such a depth as to make ﬁs
Trecovery by boreholes uneconomic, This type of occurrence
is commoh in certain parts of the Rift Valley, where: it
is probablg that‘groqﬁd waterldescends to such a depth
thatoit becoﬁes'vaporised and rises to the surface again
‘as steam from the numerous fumaroles which are of éuéh
widespread,occurre;;e in this part of Kenya. Thus the
pyroclastics. as a who}e are of speculétaiive vaiﬁe as‘
water bearers, Isolated instances where they have prdved
-to be usefﬁl'are discussed later. |

Of major importahce from the water supply ﬁoint éf
view are the nume rous old land surfaces between the lava
flows and the interstratification of old lake sediments
with the volcahics in various parts of ﬁhe Colony.

Apart from +he conditions of deposition, subsequent

weathering, fracturlng,etc., meéntioned above, the oceurr-

ence of
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2 3 3 1 2 0 3 0 0 0 18 | 1760
6 3 2 4 2 0 1 "0 0 0 25 I 1210
7 2 4 2 5 4 1"z 0 0 1 0 26 | 1656
7 3 3 4 ! 1 I o 0 e 0 0 20 | 1195
4 2 2 3 2 2 © 0 0 0 0 o 15 || 1232
2 0 1 2 2 0 0 0 1 0 0 8 || 1es1
0 2 1 o1 0. .0 0 - 0 0 | 0 4 || 1155
ls00-550| 0 1 0 0 0 0 0 o 0 0 o | 1 || 70
550-600] O 0 1 0 0 0 "o 0 I 0 o 1 || 1240
500-650| 0 o 0 1 0 0 0 0 0 0 0 1 | 1800
700-750|. 1 0 0 0 0 0 0 o o | "o 0 1 || 300
ODALS |50 23 27 19 17 16 3 5 2 3 2 167 | 1502 ‘
/R P A R S I e d A I
Table IV.
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ence of ground vater in the volcanlcs is dependenu on sev-.
eral other factors such as topographlc and rainfall feat-
ures. It is,therefore, somewhat difficult to generalise on
conditions for the lavas as a whole, but it has been poss~
ible to make certain deductions for areas where drilling

has already been carried out on a fairly intensive scals,

RESULTS OF DRILLING IN THE VOLCANICS OVER THT WHOLE
_COLONY, . |

An examinstion of all available records shows that
245 boreholes have been sunk in these rocks to an average
depth}of 304 feeﬁ, Of these, 167 or €8.2 % have been;succ—
essful, drilied to aﬁ averége depth of 327 feet, with
water struck at 248 feet, rising under pressure to within
147 feet of the surface, i.e. under an average hydroétat-
ic head off 101 feet. The average tested yield was 1,503
g.p.h., the tdtal tested gield therfore being theoretic-

K
ally over G,OO0,000 géllons per_aay. ‘
‘Table IV analyses these regults from the point of
view of the depths 'at vwhich the main supplies were struck
and the yield of holes at these depths., It will be mnoted

that most of the boreholes str?ék water between 56 and
450 feet (156 of the successful holes fall within these
limits), while 74 struck water between the- narrower lim-
its of 200 and 350 feet Below 450 fleet not only does the.
number of successful holes fall off rapidly but also the

average yield, which falls to l,OOO g.p.h. for 8 holns

- that hi_gh yields
depth. Tt wil1 also be noted/ are

below this
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are not Eommon, only 15 holes producing quahtities inéi
excess of 3,000 g.p.h., of which 2 ga&e yield_s of ower
5,00Q g.p.h. _

The probability ciirves (PlatelId) show very lit%les
of interest since £hey represent a comparatively small
number of holes in a large area, It will be seen that-
the figure of 450 feet for the falling of iﬁ‘the number
of'successtl holes and ihe average yield is reduced to
410 feet, |

- Further aﬁalytical tables and probability curves
(Table V and Platell®) are given, from which the results
of the successful holes in the Nairobi area (see'separate
section later) have been abstracged from the resultsifor
the whole Colony. These show that outside the limitea_
Nairobi area, 15¢ boreholes have beén sunk of which 24
or 60.3 % were‘successful; The average depth of all.ﬁhese
holes was 2689 feet, the successful holes averagfing. 267
feet, Water was struck at an average depth of 197 feét
under a pfessure head of 78 feet, bringing the rest level
to within 119 feet of the surface. The average yield;was

1436 g,p.h.,_slightly less than the average for the @hole
' Colony, From the table it will be seen that holes strik-
ing water ap'depths'of léss than 20D feet gave higheﬁ
yields than holes béloﬁ that depth, vhile the greatéf-
propdrtion of holes reached water above 350 feet'(Sl:out-
of a total.of 94). The probability curves shovw th; SGEE
results graphically, though the egplanation of the-méjér

. dips
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dips atﬂllo and l?O‘feet in both curves is not apparent,

DETATLED DRILLIOVMYT RESULTS IN THS VOLCANICGS,

Having set forth above the generalised results foo
drilling in the volcanies over the whole Colony, the small-
ef separate areas will now-be dealt with in rather QOre
detail in the following order:-

(1) The Northern Frontier Distfict, including Turkana,

~ the Dukana area, Marsabit-Huri Hills area andvthe_
Isiolo-Garba T&lla area,

(2) The Nanyuki area.

(3) The flateau Lava distriets, including Laikipia,
the Tasin Gishu and the Athi River-Xapiti Plains

- area. |

(&) =xamples of lava-buried valleys,eg. Taveta and
Makuyu areas.

(5) The Rift Valley proper and the Kinango> Plateau.

(6) The Nairobi area. |

(1) The Northern Frontier District.

Thirty boreholes have been sunk in a widely scattered
area in this district, énd_l3 of these gave successful
'results, averaging 193 feet in total depth., The average
_depth to water was 111 feet, the rest level being 74;feet
and the average tested.yield 1,140 g.p.h; The low percent-
age of successes ih'this-aréa is no doubt due to the?fact
that all the boreholes were sunk by the military'autﬁor—
ities during the opening stages of the ZTast African dam-

paign and
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paign and many holes were,s thercfore, drllled in locallt—
ies vhere the chances of success in any case were low,
but vhere water was ungently needsd and drillinz the only
?ossible means of obtaining it,.béveral holes toc were
abandoned at shallow dépth when ﬁhe forward movement of
troops no longer neceséitateq the providing of water}supp_
lies at.these particular points,

In the: Turkana Distriét 14 boreholes were sunk to.an
average depth of 219 feet, and of these, 8, averaging
194 feet in depﬂh} were successful. Vater was struck at
an average depth of 100 feet,-risina under pressure tq
€5 feet, the average tested V1eld belng 750 g.2.h. Two
boréholes)howgver, at Taban and Kelin, yield 2,000 agd
2,600 g.p.h. respeétively ‘and account for the bulk of the
water obtained. With these abstracted from the total, the
other 86 successful holes, 'yielding an average of only
230 g.p.h. are all located in the Lokitaung area. The %
unsuccessful holes are ranged along the Kalin-Lodwar road
and avéage 252 feet in depth.

In the Dukana area, boreholes vere all unsuocnsqful
averaclng 114 feet in aepth It seems likely that these
holes would have had a fa1r chance of success if they had
‘been taken deaper, since though this area is somevhat
arid, there are several_well-defined water courses and
drainages vhich may weli have considerable quantitieé of’
vater stlll stored in opan-uextured beds of tuff and ag-

10m°rat° below the wpll JOlnted basalts,

II,)- T
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In the Marsabit-Yuri Eills_area, 7 boreholes were
sunk, averaging 250_feeﬁ in depth.'Of these only l.was
successful, sited at.the southern foot of ‘the Marsabit
"scarp", where water to the extent of 620 z.p.h, was struck
at 233 feet in o0ld lake sediments lying immediately below
the lavas. The unsuccessful holes were in the thiek bedé
of extremely porous tuffs and agzlomerates of Harsabit
Mountain ond the Huri Hills. More sufffjeble sites e ist

northarn ‘
in the area between the/foot of Marsabit and the southern
slopes of thé_Huri Hills; where the volcanics -could be
-penetrated to reac™ the underlying sediments, The'area is,
however, cémpletely useless from an economic point of
view, being a barren wilderness of tumbled black lava bould-
ers with no vegetation, so it is unlikely that cdditional
water supplies will be requiréd here in peac¢e time. Yhe
nomadic Roran, grazing their herds on the sparse vegét—
ation of the Chalbi Desért, gain their supplies of wéter
mainly from =mall springs issuing from the base of the
basaltic lavas at their junction with the ﬁnderlying'
sediments,

Six boreholes in the Isiolo-Garba Tulla area aveﬁage
18C feet in depth, and of ﬁhese; 4, averaging 173 feet,
were successful. Viater was struck at an average depth of
102 feat in these holes, rising under pressure to 59 feet |
and produglng an-éberage of 2,050 #.p.h. on test. Thg
successful holes wefe.all sited.close to Isinlo, the vater
being prqduced'from.BeQGed tuffs~and sediments belbw the

main
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mani 1ava'flow§. Tvio of the holes gave slightly saline
water but this was still potable. The two unsuccessful
holes were drilled at mile 30 and mile 45 on the Isiolo-
Garba Tulla road to depths of 182 and 183 feet respective-
1y, and'tﬁere'agpears reason to believe that if théy'haé
been carried deeper they would have given a certain am-

ount of water.

(2)- The Nanyuki Area.

Here, in the neighbourhhod of Mt. Kenya, 11 holes
have been sunk averaging 227 feet in depth. mlgﬁt of these‘
were successful averagiﬁg 233 feet in depth. Vater was
strﬁck at an.ave;age depth ofvzod feet; rising to ISb
feet under pressure, and giving an average tested jield
of 1,210 g.p.h, Sikes-(1934) published the results of -

" drilling in this area up tb 1932, Subseguent drilling'has
yielded similar results. Water_dccurs either in weathered
Kenyte lava or in coarse morainic or fluvio-glacialzmater-
iial, deribe@ from the former glaciers of the mountéin, in~

terbedded with the lava flows,

(3)- The Plateau Lavas of Laikipia, the Uasin Gishu and
the Athi and Kapiti Plains,

The plateau lawvas, consisting mainly of successive
flows of nephbline phonolite, vhich appear to have welled
up quietly from huge flssures along the flanks of the

wat ValleJ, cover very larce areas of Kenya. Since the '

run-off
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run-off is very high in these rocks, due to their exbreme
ly compact-and solid nature, it is negessary to provide
water supplies for stock by borinz. These phonoWites are
very poor water bearers, but weathered surfaces between

‘general
successive flows y when struck below the/water table of
the district, have often given good supplles.

Of the 48 holes sunk in these rocks in widely separ-
ated areas, 30, averaging 288 feetin depth, have beeh
successful, Tater was struck at an average depth of 208
feet under a pressure head of 106 feet, tbe average ﬁeste&
yield being 1, 060 &.P. h. ' ”

Laikipia is the hlgh plateau countzy rising from the
_ east side of the Rift-.¥alley from Kedong in the south to
“the Lake Baringo area in- the north. ‘It varies in‘altitude
from 5,000 to 7,000 feet, stretching eastwards towards
Mt. Kenya. To the south it.is boﬁnded by the Kikuyulup-

- lands and to the north passes towards the southern end of
Lake Rudolf via.the_Thomsons FallseRumurubi area., Phonélites,
~ basalts and ohonolitoid.kenytes’make'up the.maee'of the
Lalklpla plateau, but subordinate occurrenees of perCLast-
1cs are found hear the cenxres of extru51on. Twenty four
boreholes have been sunk in thls area to an anerage depth
of 317 feet, and of these, 17 were successful, averaging
300 feet in depth. Water, averaging 840 g p.h. on test,
was struck at 212 ‘eet urder an average. pressu@ head of
100 feet. Pressure heads of up to 270 feet have been en-
countered 1n_thls locality and one borshole ( C/ 226),1in

-the Thomson's Falls area, acﬁuaily gave a small artesian
supply.
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supplj..Féur boreholes gave an agrregate yiflgd of 9,000
g.p.h. thus reducing the average yield of the 13 remaining
holes to 400 é.p.h. The logs of the successfil holes
indicate that the main supplies of water were struck.in
old land surfacés between the“&avaﬁﬁlqﬂSwor in weathered
zdhés in the lavas immediately below such surfaces. ﬁinor
supplies have also been obtalned from rarz fracture planes
in the usually compact phonolltes. '

The Uasinf ishu plateau & ldoret -Kipkabus area) is
escentially simiflyr geo_oglcally to the Lalklpla plateau.
but lies on the opporite sidz 6f the main Rift Valley.
Only seven boreholes have been sunk in the plateau lavas
in this area ; fiverere_succéssful, avgraéing 297 féet
in depth.-Wafef was stfuck at 235 feet under an average
pressure héad Ef'183 feet, the highest noted being 290
feet. The tésted.yield of the holes averaged 1,290 g.p.h.
_Of'the-tﬁé unéucéessfﬁl_holes, one was abandoned at.37
feet and the other was only taken to 242 feet, whicﬁ is
barely below'the average depth to water in this localltj.

The Athi Plains and Xapiti Plains area, situated

just south and south-south-east of Nairobi y is similar
geolégicallylto-the two areas described above,-excegth
that its general elevéiion is less and ihe 1avas here are
almost exclusively of Kapiti phonollte Here are w1de
_7p1a1nﬂs of dently u*dulatlnc nature, Weél grassed and
supporting puge herds of game of all descriptions. Of the
117 holes drilled to an average depth of 209 feet, 8 were

! ' successful
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succesqul, ‘averaging 248 fest feeu in depth. Vater was
struck at 177 feet, rising under pressure to 112 feet and
averaging 1,400 g.p.h. on test, The 9-unsuuccessfu1 holeS'
averaged 175 feet in'depth.and of these, 5 were abaﬁdoned
before reaching a reésonable'dépth:

The Athi River locality had beég up- to quite recently,
regardad as unpromising for bofihg; but in l$42 of &
holes drllled by the mllltary authorltles some three mlles
along th° KadJlado road from Athl ?1ver, 3 gave evcellent
results and one of-the_unproductlve holes was abandoned
at very shallow%epth (47 feet). Mofe fecenily, additional
attention has been focussed on the area by the highly
successful borehole between Lweblg S Factory and the river

which tapped an artesian supply of same 10,000 g.p.h.
.Thls borehole must, however, be regarged as a special
case, being sited (within half a mile of a borehole vhich
gavé oﬁly 250 ng;h.),on whét appears to be the downthrow
side of a fault‘of considerable'magnitude in the Kapiti
.phonoiite. The younger'volcanics-and lake sediments ex- '
posed éﬁ the hillside on the Nairobi side of the river dip
towards this fault and thls no doubt accounts for the
| quite unusually high yleld and true artestan character of
this bérehole. The resu1ts from thls hole have not been
included in the general analy51s of results qlnce complety
detaills were not to hand’ WHen th1s report was writtsn..
It is posq1ble that sunuqyr sites may be Lound in this
area in the nelghbourhood of the fault, the nxtenr, of

which has not yet baen determinéd
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(4) Taveta and Makuvu Areos

These two areas, though w1de1y separated, have been
treated together because the conditions under which bore-
hole water supplies are found are similar in both instanc-
_.es, in that - Basalt flows have filled old stream valleys
~ in the pre-existing land surfaoe. (see also Sikes 1934),
At Taveta the water is fouhd in soft tufis and sediments
below a bouldery basalt flow of the Kilimanjarc lavas.
_Six boreholes were snnk, of which four were successfﬁl, -
one was abandonfed at 50 feet and the other silted. uo |
after striking water. The successful holes averaged 122 _
feet in depth, water being struck at an average depth of“
109 feet and rising to 60 feet, with an average: tested
yield in excess of. 3, 000 g.p.h. ,

At Makuyu a basalt flow filled an old valley in the
Basement Complex gneisses and the water im obtained fr@m
a bouldery bed in the basalt above the gneiss. One hie
only of the four drllled.here was a failure and that
was presumably.sited outside the main valley. The other
three holes were all hlgh ylelders, and two of them, 1n
.close prox_mlty to each other, pumped by alr-llft methods
gave 122,000 gallons per day conulnually‘and this only
. lowered the gensral water table by 2 feet. The average
depth of these holes was 156 feet, water being sﬁruck?at
75 feet andlrising to between 2-and 13 feet of the surface.

Similar occurrehces may be expected in other parts of

t

the Colony and will be of great value when found,
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(5) The Rift Valley.

The section of this great topographic feature dealt
with here is malnly within the trough itself, from the
neighbourhoéé of Kedongz in the south, through Naivasha
and Nakuru, to the equthern end of Lake Baringo in the’
north. Certain holes which fall just outside this main
area have been included (eg.'atlﬁjbro.and the Mau) since
conditions there are esseﬁtially'similar to those of.the
main trough. Other bereholes in;theAKikuyu-Limoru area,
which should properly have been included, are dealt with
later, in the section on the Naircbi area, as they faii
more naturally into thet section in view of the locality
treatment of resultsvadopted here. Boreholes on the seuthf
ern edge of the Xinangop plateau have also been treated
separately (follow1ng Slkes) since they fall outside the
main Rift Valley dralnage'system.-Other ‘borehples drllledib
the the Rift Valley for the whole of their depth in lake
sediments are also deelt witﬁ later. _ _

In all, 45 boreholes of an average depth of 581 feet
are considered-here., Of theee,e29 were successful te an
average depth of 329 fest, water being struck at and aver
age dppthrof 247,feet, riring under pressaxe to ;61 feet
~and yielding an average on test of 1,416 g.p.h; The un-
sﬁcpessfui‘holes averaged'340 feet in depth. The percsht-
age success for drilling over the whole area is fair, but
in manmy individual'areas where water is urgently required
Seological condltlons are auch as’ to almost entirely

ereclude the chances'of even small suppliss belno--Ob annea

"~ from
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. from bereholes. Such areas are those where soft, porous
and relatively unconsolidated ashes and tuffs extend to
great depths.with no impertious beds to holdlup the-Water
before ‘it ‘reaches a depth at which it is likely to be
vapofised. The deepest borehole in the Colony (C/llS),is
on the Kijabe-Narok road some 20 miles.from Kijabe Statiom,
. is a case in point. This hole was drilled to-a depth of

- 320 feet,throuph-alternating beds of soft lavas and~sedi-_'
ments without striking any water and the temperature of
the borehole- is said to have been hl”h Another borehole,
(on the Mt.Margaret Istate) , was carried to 727 feet
before striking water (300 g.p.h) which rose to 763 feet,
making it uneconomic to purp. This small supply wae struck
in the first relatlvely hard lava encountered, a rh;ollte,
overlain by alternating beds of pumiceip tuffs, agglomer-
ates and Slltj and clayey beds.” In such areas, which are
very common in the RWft Valley, ‘the chances of striking
water at moderate?depth, where it is not found in the
superflclal deposits, are entlrely dependent on the 1ntern
section of some relatively 1mperv1ous bed of lava or tuff
below the soft porous beds..Geonhy51cal investigations
should be of great assistance in locating such sites.

' Se?enallboreholes in the Rift Valley and along its
flanks have struck steam or draughts of hot air and it
fhas been found without exception,that after such conﬁit-
ions have been eneouniered, deeper drilling does not prod-

uce water,
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The Kedong Valley area has not besn prdductive o?
good drilling results since only three of the eight holes
drilled produced water and even ‘these pnly gave supplies
of the order of 300 to 400 g.p.h., the conditions encount—
ered'being similar to those dealt with in some detail
above. North of this however, in the vicinity of Lake
Naivasha, greater success has been obtained, with high
-average yields. Six of'the,éiholes drilled in this local-
ity were.successfﬁl, aVeraginé 2,2OO g.p.h. from an aver-
age deptﬁ of less thag-lob feet, All ihe'holes obtained_
their water either from old lake sediments or fairly -
coarse~grained pyroclastics restihg_én more impervious
beds of solid lava, Their promimity to Lake Naivasha no
doubt accounts to a large extént for their high yields at
such shallow depths. The two unSucééssful holes failed .to.
" strike any solid impervious léyer down to @epths of 320
 -and 520 feet respectively. ‘ '
In the Nakuru area, 10 holes have been sunk of which’
"6 wére successful, It should be pointed out that 4 of the
~successful holes were sunk‘in.a very small area on'thé
flats of the Ngosur stream at the foot of the extinet
Menengai- volcano,'-In.other parts of ths Nakuru area no
great success has been obtainéd from boring, as the cond-
itions are similar to thggé};ieﬁibusly described K&dohg
areé. | B | )
The Njoro area has:giﬁéh good results, 8 out of 10
holes being.succéssfql; though'in-most caées a greater

depth then usual (300 to 570 feet).had to be drilled be-

fore suncesan
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fore success ﬁas attained,

The Rongai area produced small supplies fromfthrée of
the- four boreholes sunk ( 103 to 250 g.p.h.) but znone of
the boreholes was taken to more than medium depth ( 350
féet), except™ the unsuccessful one which was drilled to
466 feet. Boreholes in the Mau Summit area gave similar
results. - | -

Sikes (1934) haé described the results of 5 boreholes
on the Kinangop Plateau. He pomnts out that this area
differs from most other pafts of-thg Rift Valle& in that Ke
rhyolites; thachytes and tuffs of Laikipién age have not
been appfeciably affected bj the later Naivashan faulting.
Only -one boeehole was successfﬁl and its yield was low
(450 g.p.h.). Sikes'suggests_that,Since the Xinangop is
an area of high rainfail_it.shéuid be poséible to meet
the water requiremen?s of'places Where surface sugpii¢s

are inadequate, by_suitablj sited shallow wells or dams.

(6) The Nairobi Area.

‘'The area now to be considered is some 20 to 25 ﬁiles._
square with the Nairobi Municipality situated roughly in
its centre. It may be considered as a small segmenf'of t
‘the gently rising piateau from the Athi Rivef_in the-east
to the main eastern flank of the Rift Valléy in the;gwest,:
andjﬁaries in.generai elevation from 5,400 to 7,500;féet,
 The dfainage of the_aréa has a roughly east to eaef-
sdﬁth—east trend,ie, from the direction of th: Rift Vall-
ey flank towards the Athi River, The streams are on:thé

whole
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whole small,tﬁough running fof the mbst part in largq
valleys, Moreover many of them are seasonal, and hencé the
provision of additional watér from boreholes in thislthick-
ly populated area is of gieat importance. The'higher:élev-
ations,as in the Kiku&ﬁ and Limoru districts, are better
watered genérallv than the lowér—lying'aréas of the eést,
ana therefore, ad 1t10na1 supnlies are not so urgently
requlred althoufh a con31derable number of boreholes Hes
been sunk to augment surface supplles for minor industrial
and domestlc purbeses. ' | .

Sikes, in his excellent papcr (1939) on the geology

- of the country surroundlng Nairobi, poings out that the
volcanic éeqﬁence in.this area'ié notébly complete in |
comparlson with other portlons of the Rift Vallej ramp,
51nce all d1v1s1ons are rnpresented from the ﬁasal Kapltl
phonolite to the products of modein vulcanlclty. Inigen-
. eral?fsuééessively YOunger volcanicé are éhéounteréd:in
passing westwards.from the Athi Biye? to the Rift Valley'
“flank. The general succession is.és 5elow,-§he.youngést
beds.being'at the top . of the table:-

S. Pyroclasﬂics. '

4, Limoru Trachyte.

3. Naitobi Trachyte.

2. Athi Plains Phonolite.

1. Xapiti Phonolite.
The Ngong Basic Séries',locélly devéloped-in the Ngonk
'Hills in the south-west cornér;of the area, is imtefﬁed—
iate in agé between the Aﬁ@ﬁ'Plaiﬁs‘Phonolite and the
ITairobi Trachyté. With all these lavas are associated-monz

or



'-67.
or less important bedS'bf'ﬁyroclastics anﬁ'ﬁhé eyisiepce
of many 0ld land surfaces between individual flows is
evidence of th: long period duriné which these flows'ware
extruded., This is particul rly notlceable in the case of
the break between’ uhn £ap1t1 Phonollte and the Athi Plalns
Phondlite, where typical lake sediments with sub-agueous
tuff's have been proved by boreholes in the south-east and
easﬁ—central portioﬁs of the area to reach thicknessés of
over 300 feet, without any intercalated lava flows.flilﬁ

'The.pgtrological characters of the lavas have Béén
described in detail By Sikes (1939) and refergnce'to'%hem
will, therefore, only be méde in so far as tﬁey affect
the water bearing properties of the'rocgs. .

. The Kapiti Phonolite is not,exposed'in the area ﬁnder
review but has been intersected in at least one borehole®
here. | |

The Athi Plains Phonoliﬁe, exposed over much of ﬁhe
south-east and east-central por+1on of the area, w1th |
tondues flncerlng up several vaTlejs awaj from the maln
outcrop,;is, like the &ap1t1~?honollte, not a good producev
'from boreholes., Meagre supplies have-been'obtained oc;as¥
lonally from the very infrequent cracks and fissures in
the. rock but in no case havé they been of impontance;_

The lavé is,in hand soeC1men a fine- vralned touph dark-
grey rock (called by Sikes the Falrobl Phonollte) cnd
differs only in apoearance from the Xapiti Phonolite in
hav1ng smal-er and less conspicuous phenochsts of felspaw

'and nepheline. Boreholes in this formation rely for- their

T3rem A am
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ﬁater' on the sub—aQueoué tuffs and lake sediments below
the lave. The core of A shot—dri}i holXe receﬁtly drille&
some three milss east of ﬁaircbivon fhe_Nairobi;Hanyﬁki
line of the X,T.R. , shows that the'phoqolite is divided
into several flows withlihe products of weathering betweenp
them, The fiows individually are thin near the top of the
formation but inerease in thickness lower dovn. After
- passing fhroﬁgh the lava; aﬁbut 102 feetv of fine-grainei
sub-aQueoué tuffs and ashes were intersected befors reach-
inz the typical lake -beds, which are mainly composed of
'interbe@ded fine-and goarser-grained sandy beds with minoy
developments of bentonitic material, A detailed studj of
the core could not be mada by the writer as the hole wés
compleied onlj a short time before he left “last Africa.
Other shot-drill holés are projected for the same local-
ity and should be of great assistance in the elueidation
of several éf the problems of succe551on and petrology
of both the lavas and the sedlments. |
The Ngong Rasic Series is made up of a varied assemb-
lage of basic lavas, tuffs and agglomerates in the Ngong
Hills and fooﬂhills east of them, Thefbasic'VOlcanics
range from neﬁhelinites to bésanites, bésic.tephrites;
and phonolitic tephrites and are thought by Sikes ‘to
correspond to-Gregorj's Lower.Laikipian division of older
basalts, which make up much of the Aperdares, Settima
ana western LalKlpla. In common with other bas1c volcan-
icsythese lavas are usually good water bearers, and ex~

cellent’ results have been obtalned from 8rilling in them.
’ Apart
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Apart from their well-weathered and fissured nature,*there_
are also numerous old land surfaces between the various
flqws vhich give pood sunalies-undér b SUlu&le condltlons.

| rr‘hs Nairobi Trachyte, with 1tq associated tuffs: and
minor developments of agglomerate, covering roughly a
third of th= area in the centre, disappears oventually
bene“th uhe youngcr flows of I.imoru Trachyte in both west—
erly and_northerly_dlrectlons. The individual flows of the-
trachyte are ususliy thin and have swme o0ld land surfaces
betwzen them, but tuffaceous intercalations form the majoe |
separations betwesn thé'flows;'The trachyﬁe varies great-
'ly in hsrdnsss in éifferent'bands and nresents Certain ‘
difficulties'in drilling, for vhich it does not compensate
in the amow t of wgter:it prsdudes..‘As a vater bearer it
is extremely psor and boreholzs have yie1ded, oh th2 vhole,
dﬂsaﬂp01nt1nc results OccaS1ona1 holes have given good
sunplies from old land surfaces but these cases are ex-
ceptlonal, partﬂcularlv in the immediate vicinity of
Mairobi,

The Limoru Trachyte is the best vater bearer of all
the lavas of the area and is exposed over ﬁost of thé
western and northern portions. It is escentially a por-
,phyritig tyacﬁyts.containins boikiiitic quartz.in smsll
empunt in the groundﬁass.'The porphyriticvcrysta%js of
alkali felspar are stumpy in.habit,vset in a pale-gréy

groundmass. This rock weathers easily, becoming light-

.. grey to almost vhite in colour. Tven: when fresh it is

- relativaly sof+ and dr1111n¢ in it is qulck and easy.
Associated
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Aésoéiated with it are ejectazmenta of various types and -
old land_surfaces'between individual flows are common; In
the Kiambu area these trachytes cap many ridges, vhile
deeply-incised stream beds axpose the underlying Mairobi
- Trachyte in many places.

A total of 89 borcholes is considered in this section |
with an average depth of 257 feet. Of these, 73 holeszor
82,0 ¥ to an average depth of 404 feet, were successful..
ater was struck at an average depth of 212 feet under
a ?ressure heaa of lé9 feet,-thus bringing the average
rest level to within 183 feet of thélsurfacé. The average
tested yield was 1,586 g.p.h. Of the 15 unsuccessful holes
11 were abandoned before reachihz the depth at which water
could be expzacted,; and this is reflected in the figure of
198 feet for the average depth of the unsiccessful holes,

The summary of results for the succes=fu1 holes
(Table VI) shows that a high proportion obtained theif:
water between 200 and ﬁoﬂ feet. (80 out of 72) and thnse
ameraged 1,700 g.p. h on test. Flve holas Zave 1elds in
 excess of 3,070 g.p .h..

' The probability curves (PlateIB) are of interest, ‘as
they show that ower the area as-a vhole, the highest prob-
" able yields (and also the highest probabiiity of obtaining
water) are betwsen the depths of 250 and 320 feet, This
is malnlj due to the cxcallent results obta1ned by drlll-
ing through the A+h1 Plnlns Phonolite into ths lake sed-
iments below, The contlnuatwon of the curves below this .

point is again made up chiefly of holes in the same form- .

ation,vhere
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wvhere greater thlcknasses of both Tairobi __3chjte and
Athi’ Plains Phonolite had to be penatrated before reach-
ing the wat,ex'-beﬁtrin-;r lake sediments., and also to a.less
egree the hldher areas of Xiambu und ulmoru, \here the
water table is rnlatwve;y deep. The curvas for dpoths
less than 250 fept mainly represent in their hlgher levels
results in the Nairobi Trachyte,and cwer down in the
Limoru.Trachy#e of the Kabet? aréa. The results from the
Ngonc Rasié Seriee-are scatteredf;hraughout ihe'curvgs
from 102 to 400 faeu.- . | .  .
A more dntalled areal analy51s of the results for the’
main sub d1v1s10ns |y 'now be given, )
(a) Athi D1a1ns Phonolite area underlaln by lake
sediments. ‘ '
(p)fThe-Léﬁgata_ére§. 
(c) Thé'Nairobi'Trachyte.area,in the western section
of Mairobi,
(a),The 1igo nd—<ar°n area.
(é) The Kabete area.
(fj‘Thé'KikuydLLimroﬁ-Kiambu area, north and'nofih—
west of Nairobi.

(a) The Athi Plains Phonolite area, as previously stated,

occupies the nast-central and south-eastern bort%on-bf

the main: area, and, 1ﬁ addltlon to- thp phonollue, also

1ncludeé y in 1ts south-western sectlon, some overlylng

Nairobi Trachyte and pvroelastlcs (ep the F1v11 Aero-

drome area). A total of 21 boreholes has bnen sunk here,
| of
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. of which'z'only, abandoned at 64 and 136 feet respective-~
ly a@ire classed as unsuccessful., The average depth of the
successful holes was 443 T t, water belng struck at 337
feetunder an average pressure head of 125 feet, brlngfihe
rest 1eve1.to within 212 feet of the surface. The aver-

age tested yield of these.holes was 1,620 g.p.h., As a gen-

eral rule it has been noted,uln‘the central yortlon of this

'sectlon at least, that water is encountered after Da581ng

through angthing-from 80 to 120 feet of flne-grqlned ,

|
l

more open sandy beds. The shot-drill core prev*ouslj ment=-

rather arglllaceous materlal below the. phonollte, in the

ioned shows that in that partlcular hole, thls unoroduct-

ive layer beneath the phonollte is made up of compact ‘
fine;grained eub-equeous'tuffs. It mey reasonably be ass- \
umed that the beds in the other-holes are of a similar |
nature, though from the womminuted samples from gercussion;

drilled holes; differences in the beds below the levas
are difficilt to detect. The deepest holesin these beds
was taken to 653 feet, the main supply of water (1,800

g.p.h) not being obtained till a_depth.bf 650 feet was
reached, although a sm2ll supply (SOO g.p.h,) was obtuined
at 100 to 123 feet, near the base of a bed of pyroclastics
overlying the Nairobi Trachyte. Bhe Athi Plains Phonolite
vas intersected in this hole at 257 feet and continued to
404 feet, at which depth the fine-grained tuffs, which
here appear to have gttained a greater thickness than usu-
al>, were encountered,

This portion of the Nairohi are%is, therefore, except-

ionally 8004
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ionally good for the siting of boreholes with a more than
reasonable hope of obtaining good supplies, though the
average .depth at which water is struck is somewhat great-
er than for other areas, with the'exdeption of Langa@a.

(b) The Langata Area has so far pfoved to be extremely

difficult. A total of ¢ boreholes has been sunk to an aver-
age depth of 287 feet, Of these; 3 only were succegsful

to an average depth of 492 féet;-water being struck at
385'feet,'rising under'pressure to within 203 feet of the
surface, with an average tésted yield of only 200 o.p h,
The 8 unsuccnssful holes avnraged 170 feet in depth, three
of them belng abandoned at very shallow depth (47,50 and

. 71 .feet). All these boreholes start in the Mairobi Trach-

| yte orji;Sfdgsociatéd ?yrbclastics, and with the except-
ion of one;(and'even in this case the record is doubtful),
do not strlke the lake sediments., It seems poselble fnom

a study of the Water 1ab1e Contour Map (see later) that,
dneper holns than usual, say to 700 feet, might be succ-
essful in reaching these sediments, in which ‘good supplies
are to be ex?ected. It may be, howévér, that the sediments
. do not extend as far west as this, but as there is at |
presentimno definite evidence either for or against this,
it'kuid befworth vhile to experimont with a deeptbofehole-
The low Yleld of the produ01ng holes 1n-this .area is.'due
_to the fact that both the trachyte and the Dhonollte are

too compact and unfractured to make good aqulfers.'

(e) The Trachyte area west of Nairobi. 1s somev!

S_mllar
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similap to the Langata section except that a slightlx 7
greeter percentage success has bean obtained..Six hoies
were drilled to an average depth of 368 feet, and of these
4, averaging 417,feetiwere successful, Vater was struck at
an average déepth of 293 fzet, rising to 155 feet andfgiv-
ing an average of 470 g.p}h. on kest. The averaée yield is
Low, as might be expected from the formation in which the
holes were'drilled,'buﬁ as in the Langata area,'deeﬁer'
:heles_migﬁtlbe'expecfed to Teach the lake sediments, if
these are present, or an old laﬁd surface between fhe‘
Athi Plalns Dhonollx,e and the Kapltl Phonolite, either”
:of vihich should give greater Jlelds than the phonollte

or trachyte, |

(d) The IMgong-Karen efea "has given uniformly excéllenﬁ

results;'ls holes have been sunk t¢6'an average depth'of
282 feet and of theée,,9, to an average depth of 325 feet,
were euccessful Water was struck at 236 feei, rising un-

der pressure to 108 feet and v1e1d1nc an average of 1, 120

g.D. h on test, Of the 4 unsuccessful holes, 2 were aban-
doned at a depuh less than that at which water would be
'expeCued and the other two were 51ted close to the maln
eastern boundary fault of the Rift Valley,'and somewhay
outside the main Hgong area, The results from thls area
again shcw~thap basalts and other similar basic volcanics
are usually good water bearers; because of theif-easily
weatherasd and well—fissured nature. In_aedition, the
thihness’of the individual flows and the large number of

0ld land suffaces encountered in them have added appreC”
’ ' iably to
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iably to the yields of: individual boreholes.

(e) ghguKabéie arsa falls“in the larger ares (f) below but
‘since a special set of geologica; conditions app;ieé; it
is considered sepa:atalyﬁ Six béfeholes, all sucéessful,
heve been sunk, Their average total depth was 369 feet, -
‘with the main supplies striick at an average depth of 247
feet, rising to u1th1n 82 fect of the surface under press—
ure, the averagzs tested jleld b°1ng 2, 470 E.D.h. Two of
the holes, one not debp enough' to tap the large supplies
struck in the other holes, and the other at the nastern
end of the. sectlon,produced only 503 and 400 g.p.h, re-
_spect;vely, the other four holes thus hav1ng the h;gh
average yield of 3,480 g;p.h. An intensive drilling eam-
paign has recently been started in this area with the

- object of augmenting,the Nairobi Munﬁcipél Vater Supply
and preliminary results are as good if not better than
those described above. '

It appears that several"flows of'the soft, easiiy -
wéafthered and well-jointed Limoru Tfachyte pceupy a pfe-
e: isting valléy in'the ol@ land surtace, the overturned :.
nose and ﬁppér‘éqrfacé-of the first flow forming a bould-
ery mass on the old'valley floor, which still acts as a |
.draihage channel from higher elevations. In the more west-
erly sectidn vheres the trachyte is thicker,'poreholeé
pass tnrough a larger number of Bld land surfaces ahd cut
a greater'number.of fraciures than they do in ﬁhg_easi
where the flows thin out. This is rgfiected in the mgéh

higher
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higher yields of holes in the west than those in thej

east.,

‘ (£) The Limbru-Kikuyu—Kiambu area'has given good reéuits;
of'thé 26 holes which have been sunk, only 4 were unprod-
uctive, Three of these vere drilled to very shallow aépfhs
(67,74 and 109 feet), and could not have been expected7@o
peachfwaférgllt is possiblé that these three holes, Nés.
.5,7'aﬁQ'8 , drilled some 7 milés from Nairobi on the}Fofﬁ
Hall road, wou;dvhave struck lake sediments if carried
deeper. Thej héve'been ihcludéd in.this Sectfon howover,
since they are somswhat ouu31da the proved arsa of sedi-
ments. The other unsuccess;ul borehole,lo, 7l, in the’ Klk—
uyu Hatlve Reserve, vas drllled to a depth of 623 feqt
and is ihe'onl&'fecofdéd.hole in vhich the Limoru Traéhyte,
here present to a dénth of 400 feet; has not-*roduced
water ‘in Good quantity. The 22Jsuccessful holes avaraged

- 371 _eet in dnpuh, water at the rdte of 1,730 g.p2.h. being
struck at an average -depth of 284 feet under plessure '
head of 96 feet, Thié area is mainly one of Limoru Trach-
yte and its a55001ated pyroclastlcs resting on a founaat—
ion of Mairobi Trachyte, the water being,as usual, obtalnea
from the well-fissured leoru Trachyte or old land sur-

.faceq betwecn the various flovs.

‘The Provisionsl “ater Table Contour Hap 0.1 (°lat=
III)'showslfhe generalised sub-surface contours of the
base of the Athi Plains Phonolite against the ﬁnderljing
ﬁinéegrained pyroclasticsland lake sediments as far as
they can be deduced from the evidence at present avaii-

. . able. Outside
IR,
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able . Outside the 5,200 foot contour line there'is,§o
.far,no.efidence of the continuation of these pyfoclaétics
and lake sediments except to the east and south-east - |
‘where they outcrop between Zmbakasi and Athi River. This
does not necessarily mean that ihey do not exist west and
south of this line, but if they do, they hav#ndt yetlbeeq
reached by boreholes. This would be guite natural in view
of the general rise in surface level to the west, ahd the,
increasing thickness of the superlmposod volecanics mh ich
would have to be penetrated before reachxnu the le al au
vhich the sediments might be-expected to occur, Compafe_
ison of the confined water lével contours _\lth;thoéé of
the base of the Athi Plains Phonolite shows that.the thick-
ness of the unproductive layer at the base of-the-phonoi-
ites varies éonsiderébly, and indicates that the fine-
‘grained sub-agueous tuffs were laid dovn upon a sémewhat
_ uneven surface of lake sediments, generallyfdeeper in the
centre than on the matgins y as would naturaliy be expéct—
ed. The Athi Plains Phonolite later Llowed over a fairly
even surface; the only depressions shown being one in the
nelghbourhood of Ruareka in the north-east cormer, andian—
other undez lylnb the ClVll Aérodrome area in the south-
west. .

A detéiled surface coﬁﬁour map will no doubt show,&'
when more evidence ié‘afailable, that the confined water
table contours swing up streéms and'down ridges, i.e, they

will reflect the surface topography.
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it is also nbted (PlateIJVE=¥F) that the statié and
confined water £able‘conpours,are closer together in the
.-northerh half of the area'tﬁan they are in the_south; the
measuted gradlnnta being ap roximately as fo;;aﬂé s,
Morthérn section-Confined water contoﬁr 1:25
Static water contour 1:35
Southern section-Confined water contour 1: 72-‘
Static water contour 1:64-
 The samé'ébservapion'applieé to the zeneral surface grad--
ient — northern section 1:53 éndssouthern'sectioh-l:lll.‘
It has boén noted too that the haﬁn spreading, effeétton;—
the contours occurs on a line —nark:.nD approxi matelj the
southern limit of the flows of Limoru Erachyte. Spreadwng
also'occurs‘in thevnorth—east corner whgre the leorul'
}Traﬂh-tn thins out azainst the underlying Mairobi Trachyte.
‘The Road Map Herﬁ.f(Pléte'ER) shows the approximate
location of the Boreholes on wﬁich,the-evidénce for the

compllatlon of uhe waber tab_- contour maps is based,

The forégoing analysis ofbthe'reéulté of. drilling in
the HNairobi area shows that the portion of tha whole in
which driilinc haé so. far given pooér results is small'and ‘
restrlcted to that sectlon haV1ng thick floms of Jalrobl_'
-Trachyte_exposed at the surface. Th1§ area is rou; hlj
south of the Kabete road from Kabete Sfation eastwerds to.
- the Show Ground and southwards to the Langata-libag a'au.hzl.
| area, in the forw off a. rouch rectangle measuring some

5 m11es from east to west and 6 miles from north to south,

It
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It is thought likely by the writer that even this area
would prove to be a useful prodqcér if deeper boféﬁéles,
than usual, say to 700 or 800 feet, were drilled. Pump- -
ing however, from such depths may be a métter‘of some
difficulﬁy eVen though the.preésﬁré head, particularly in
the centre .of the area, -is likely to be higher than the
average outside ﬁhis restricied-secifon. ' |

Other portlons of th° mawrobl area give an utusually
high percentag° of good v1e1ds from d-pths of less than
400 feet. |

IV (h)- THT IAKT STDIMTNTS.

Refefence has already been made to the existence bf
old lake sedimentS'interbedded with the volcanics at sev-’
~lera1 différnet horizons and also, in the case of the
younger. deD051ts of +h= Rift Valley, overlylng the volean-
ics.. Although the number of boraholes considered in this
se” t*on is- small, many successful holes credlued to the
volcanlcs should proaerly be pPlaced in this series, since
the bulk of their water is derlvnd from 1t

A considerable amount.o; work. has been doﬁé on the,
lake deﬁosits of Xenya by such \orkers as Gregory, Leskey,
N11sson, Solomon and Wuchs, but the correlatlon of the
beds in different parts of ttholony is still not satis-
factorily settled. Other problems awaftihc solution are
the age of the older members of tha serlcs and the recon-
struction of the phvs1cal geography and climatic condit-

ions at
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ions et the time they were deposited. |
These lake deposits have a wide distribution ineKen-
va freﬁ:Leke Rudolf in the north to the Tanganyika border
in the south and also occur sporadically outside theucen-
fines of the Rift Valley. Similar lake beds are known in
*ancanv1ka, Uganda and ﬁyasaTand o _
| Gregery{s type area for the oldest lake Be@s seen by
'him ianenya; tha Kamasian Beds, (1921 p.199) is atuthe.
foot.of the.Kamasian Range west of Lake Barin*o. From
.thelr p051t10n here in 1"elat:Lon to the volcanlc sequence,
he p1aced them in hlS hyasan d1V151on whwch he con51dered
to be ogﬂal gocene age. 'The beds here are Tfine- gralned
silts. and clays interbedded with coarse gravel and bould-
ery'béde, the pebbles of which are derived from older lav—
as, the whoie-sefies being laid down in what he called
Lake Xamasia. They are overlain by basalt and tfachyte
flowe. Similar beds exposed in the walls of the Wjorowa
.éorge:southfof Lake Naivasha were thought by Gregory te
have been fermed in the seuthern end of this great lake
or in a contemporary:independenf.1ake. Both series were
tentatively correlated by him with the Karungu Beds of
the Xavirondo Gulf of Lake_Vlctorla. Leakey (1934) sugg-
ested an even greater lake than&hat of Gregory bo account
for the very widespreed distribution of the lake beds —
a lake etretchingffrom the north end of Lake Rudolf to the
south of Lake HatrOn;and divided from a further southward

. - ' ' s o3 -
extensionthrough Lakes Wyasi and Manyaraj by a narrow

_strip
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© strip of h*gh ground. An arm of thed) lake epnned out'
from the southern end and spread out to include uakes
Victoria, fGeorge and Albert. ‘The deposits on which Leak-
ey hased his coﬁception-are'now kﬁowﬁ to be of widelj
sldiffefing ages in varioue_parﬁs,of_the area, and, as Nil-
~.sson had ‘previously pointed out (1932), the.many‘discord-
_ances indicate that they vere de9051ted in a series of
lakes rather than in one 1ake.

The age of the Kemasian Beds is still uncertain. Greg-
ory, as stated above, considered them to be of'Oligocene
or possibly Lower Mioceﬁe age, but all the available evid-
ence indicates that they are not older than Miocene and
that a con31derable part of the series is Plelstocene in
age (see also p. 48 ). ' '

. According to Leakey (1935), the Kamasian period
closed with a period pf dessication which coincided with
great earth movemeﬁts broduciﬁg faults with a thfow'oﬁ
.over 2,000 feet in many pieéee.'This was followed by_e-
second pluvial period known as the Gamblian, during which-
more lake beds were deposited, and later still by two -
so-called post-pluvial ﬁet phasesfknown as the Makalian
and Nakuran, the latter belng post Plelstocene in age.
The Gamblwan and Hakalian ate both. Upoer Pleistocene.
This concep; OflPIUVIHl perloas to account for the former
eristence of much more extenéive lakes than those of the
‘present'dey in Kenya has.been used by Wayland (19324and
1833) to account for the rise in level of these lakes in

the )
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‘the past, with special reference to Uganda. He was followe
by Leakey and Solomon in their work in Kenya.and Tangan4.
yika,vho interpreted the observed phenomena on the same
lines. Solomon (1939 ,p.éo),howéver, now'coneiderspthis
hypothesis to be entirely unnecessary and says that much
of his recent work in East Africa:forcee"him to'the.be_
lief ﬁhat.many'ef the phanomenaiaecribed by Wayland to
climatic_agencies may just as:easaly be e3p1ained b&-
earth movements. He points out that a comparitively small
change'in rainfall would be competent to produce great
alneration'in the area of lakes like the present dayiLake

Haivasha and Iakuru as is indicated by the recession o;

”A- both’ these lakes in the present century; also that the

helght of- the Gambllan sedlmonts in this area above the
present lake levels may well be due to post-Gamb ian eartb
'movements,-the-1mportance of which were previously urder-
estimated. He considers, nowever, that the older Kamas-
.ian sediments may have owed their origin, particularly in
the case of the téfrential gravels and boulder beds, to
greetly increased rainfall conditions, though Lake Xamasia
its21lf must have owed its origin'fo physiograghic rather
than climatic facbors. | | _:

"The lake deposits associated with the Gamblian, Mak--
allan and Hakuran pPhases are malnly of f1ne gralned mater-
ial, and contarn extensive deposits of dlatomlue at morn
than one horlzon. It is in these later lake de9031bs=

that most of the boreholes: considered in this section

have
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have been sunk,
The question ef the comparative age of the extensive.
series of lake deposits underlying the Athi Plains Phono-
lite in the Nairobi area introduces a complication into
Gregory's classification (fé’llowed by Sikes 1939) of the
age of the volcanic beds here. If, as stated by these two
writers, the Athi Plains Phonolite is Doinyan in age; it
follows that the lake deposits are older than Nyasan, ie.
older thanthe oldest Kamasian seen by Gregory. It would
appear far more iikely that the ?henolite is the base of
the quklplan series of Greaorv rather than “a represent-
ative of the D01nyan, in which case these lake deoos1tsL
composed of sandy beds and bentonltlc clays overlaln:by
,fine-grained tuffa of sub-aqebus origin, would repreaen+
Gregory's Kamas1an. |
The lake beds. as a vhole, from the Kamas1an to- the
more recent Nakuran beds, have been proved by dr11¢1n~-to'
be eAtremely useful water-bearers, glv1ng usually highe -
than-average yields at'comparatively_shailow depths, Nine
holes have been-sunk'in them apart frpm thoee previoﬁslj’
mentiqned Which'sta%?d-in_the volcanies'and passed dewn‘
into the ¢ldsr lake beds below., Of these, 8 were sueeeSSﬂﬂ
with an average depth of 326 fest. Viater was struckfat
an aVerace'depth of 242 feet under an average hydroséatic
head of 114 feet, the average tested yield being 1, 900
g.p.h.

1i‘t.gr"c.'her ﬂetalled research into the re1at10ns of the

| 1anS and the lake sedlments -of various ages should open
v up
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up possibilities.fof_successful boring where at the mom—'
_ent good results have bsen difficult to obtain. ’
Work along these lines has already been initiated in

the Colony and should be of great value in the future.

IV (i)- PLIOCTNT TQ RWCINT BRPOSITS OF THS COASTAL AREA,

This seétion deals with the Recent sand dunes,'sahds
and clays, Pleistocens coral limestone, the Kilindini
Sanés and. shales of Pleistocsne age, the Pliocene.shéli
.crag,and'ﬁagarini'Sands'which_overlie the Jurassic shales
and'liméstones of the coaétal zrea., This aréa'has béen
upraised in stages to at least'éd feet above seaélevél in
certain places, and it wasjprobablyAthe last of thesé up-
1ifts which raised the Pleistocene coral limestone above
the water level, thus kiiling the corals vhich formed it.

Sixteen boreholes have been sunk in these deposits,
.7 of which gave Eupplies of potable:ﬁatef. Tﬁe reméiﬁing
2 holes all gave watef.too saline for usé. Tvo of the‘
successful holes, drillei at the Government Station at
Kilifi, north of “"ombasa, aléo gave saline water at depphs
of 115 and 147 feet respectively, but vhen this vas cased
offf and driiling continued, brackish but potable vater
vag obtained at depths of 250 and 256 fezt respectheiy.
Two other'succéssfﬁl holes were sunk in the Kilifi dis-
triét; both giving supplies of the order of 3,000 g.p.h.
on test. _?he rémaining 3'succeséful holes vere sunk in
the coral limestone of T"ombasa Island énd gave excellent

results
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results at shailew depth but with vefy lew_;ressure_heads.

The average de:th »f the suceeesful holes vas 149ﬁfeet
with water struck at an average depth of. 142 feet, rising
" under pressure to within 36 feet_og the surface. The aver~
age tested yield was 2,250 g.p.h} | _

‘Two deep boferoles, Mos. 18 and 58, vhich were un-
successful, are thought bj Sikes to have passed down into
the Jura551c shales, thou gh the drlller s logs are not

sufficiently detalled to prove this. On stratlgraahlcal
grounds,however,,he suggests that the trans&*on vas prob-
-ably at a depth of between 200 and 300 feet

| Large supvlles of fresh water are also obt alned from
shallow wells 1n the - coastal area in all these various
lrocx tJoes, the main pvoducer being the coral T_mestone,.
vmlle.¢mpprtant,though usually small, supplies are also
obteiﬁed from thin layers of fresh water lying‘on the
salf water‘ih the coastal sand dunes in many »laces.

!

V- SUMYARY OF RORING STATISTICS FOR THT VNRTOJS

GEOLOGICAL FORMATIONS?

"< As will be seen from the aecohpanying'schedule of
boreholes (Tabie VII) , the majority of the borehoieé'
drilled were sited in eifher the Resement Complex or the
Kainozoic volcan1cs (160 and 245 in number resaectﬂve’v;
leav1ng 100 other holes dwstrwbuted amongst the rest of %
the formatlons. In these two groups the percentage successes

are
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are précﬂicélly identical (68.1 and 68.2 respéctively).'.
In @he 109 successfu; holes in the Basement Complexy
water,waé struck ai an average depth of 132 feet under an’
average hydrostatic»head of 57 feet, the average tested
.yield was l,OOO.g.p.h. Four boreﬁoles in the formatipn
_géve water too saline for use, .

In the 167 successful holes in the volcanics, the =
average'depth to water, average hydrostatic head and;aver-
age tested yield are all conéiderably'higher than inithé
Rasement Coﬁpiex,hthe releveny figures being 248 feet,

99 feet and 1,500 g.p.h. No borehole in this formation -~
gave water to§ saline for use.

In the Duruma Sandstone Series, 16 hdlesiéére.dfill—
ed of which 13 were successful, thouzh nowy due either to'
oveépumpiﬁg or polution by séline water at shallow dépth,
the watér from six of the originally successful,holgs
has become too saline for human ponsumption. ﬁ% other
~holes in this formation géve saline water when first drill-
ed, Y - ~ |

Thg;Juraséics.of the ceastal area and the Wajir-

’El Wak area of the MNorthern Frontier District gave vefy
poor results, two holes only of the:lb drilled'being;
successfuifénd these produded an average of only 240gpb,

_The-only hole d;ilied in the Turkana Grits gave a
yield in excess of 3,000 g.p.h. (the maximum capacity of
the test pump used), at a depth of 94 feet, but witﬁ a
hydrostétic'headaof only 4 feet, |
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The Merti Beds and Habaswein Deposits (vhich are sim-
pPly resorted lerti Beds) have yielded poor.results, 12
holes only of the 48 drilled being successful, These dep-
osits are‘an'thought to be of Jurassic age in.thé eastern
'seqtiqn_and of Hiopehe age in the western section as a
-fesult of receﬂt work by Dr. F; Dixey. Two boreholeé_in‘
thé Merti Reds'produced-water too saline for use. The:
ayerage.dépth. of ﬁhe‘12_succes:ful holes was 164 feét,
water being struck at an average depth of 156'feet,'fis-
ing under prescure to 145 feet and yielding on test an
averagn of 507 g.P, 5 - i _

”he Lakb Sndlnents, in which 2 holes were drllled
gave 8 successful results with the high average 'yleld of
1,900 g.p.h. from an avorage depth of 242 feet, under a
hjdrostatlc head of 114 feet, As prev1ouslj stated, many
holes considered under the headlng of the volcanics shouh&
properly be Placed in th;s'sectiqn §incéltheir water is

derived from the lake sediﬁents,‘but it has beén found
more convenisnt to.,classify them in the formation in -
which they were drilled at the surface,

In the Pliocens to Recent depoéits of the coastal’
area, 7 boreholes of the 16 drilled were successful, the
remainder-giVing large quantities of highly saline water.
The average deptﬁ to.watef in these depoéits vas 142 feet
the rest level being 85 feet and the average tested yield .
2,2501g.p;h.-Large amounts of water are also dravm from
| these é_teposits' bg means of shallow welks all along the |

coast.,
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It w1ll ‘be sezen from the above summar: of results
that'bprghole supplies in the Colony as-a vhole arg_gf
potabie guality, 18 holes only yielding.water too gighly-
mineralised for ﬁse, as against 319 yiélding pdtable;
water. The majority of the saline holess were drilled.near
the coast. | | "
Supplies from.individual boreholes are not high but
this is to be expectad from the prevailing geologicai |
conditions, which are not conducive to the formation of
“ﬁgﬂyesién pasins of any maznitude. Locally, aréesian cond-
itions do exist, as recently proved near Athi River..
S+ric£1y'5peaking, all th° borehole supn1iés are artesian
in charac+e; in that they all have a positive hvdrostatit'
head, but onlv three cases are known in vhiech the wauer
rose above &r ound lnv naturall"
In addition to the summarj of results to date, fic-
ﬁrés arelglven in parenteses for comparison purgoses,
vhich indicéte'reéults obtainedlﬁo 1932 (éompilgd from

Sikes 1931). A con31dnrauion of'both sete of figures shows

D

only minor varlatlons in the: crennral alerages, excep t that
subsequeﬁt boring has 1ncreased theiflgure for éveragg 7
daily yield by some 3,000 gallons per day. This increase
is mainly due to the raising of the fisure for the average
yield of holes_ih thelvolcanicé by some 4,_Ou b3llons par
day. The percentagze success fof drilling in the. latter

formation has risen from 54 ta A2 while that for thz Base-

ment Complex has fallen from 76 to A3,
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It is to be expected that as more detailed knowiedge'

of geological -and hydrological conditions for the various
- formations ié accumulated, greater_pércentage'succesé

will be cbtained in most of the geological formations in

the Colony, by the elimination of unsuitable and'unli#e&y

sites by the geologist or geophysicist corcerned witﬁ.

their choice. -
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I- INTRODUCTION,

The Marsabit-Mega road forms the most direct 1ink
betwoen the north-central poﬁ?on of the horthern Frontler
Distrﬂct of Kenya and the south-cenural portlon of Abyss-
inia, and is part of the main north road from Nalrobl'm
Addis Ababa, From Marsabit, roughly 100 miles south dT the
Bordér, the road runs in a north-north-westerly direction
to the southern slopes of the Huri Fills in the neighbour-
hood of Kalacha, where it swings to the north-north-east
through these hills to the bordsr at Mt. Furro11 and :from
thence some 35 miles to Mega in Southorn Abyssinia,

The followinz notes were compiled from observations
made on the ggology while geophysical work in connection
with the siting of boreholes_was,being carried out aﬁ
various points along énd adjéceht.to the new road align-
ment in February 1941, dufing the course of the Tast Afri=
_can'Campaign. A.coﬁéiderabie number of representative
rock specimens were sliced and microscopically ezamiﬁed-

~at the Department of !ines and- Geology, NMairobi,

" II- GENZRAL, GUOLOGY.

From Marsabit to mile 40, the road passes over é
voleanic area, and &fter leaving the neighbourhood of
Marsabit Mountain at sbout mile 12, the country becomes;
in general, flat and uninteresting, the only topographic
| f?atu#es being isolated cones of ash and agglomerate and

occasional
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occasidnal low flat-topned ridges and tohgués of'biobkj---
scorlaﬂeous 1ava. Fuchs (1239) mapped all hnse lavas as’
Uppnr Plewsuocene basalts, The harder and more re315uant
basalts form the flat or gently undulatlnc country, whﬂle
the softer ashes and agglomerates usually stand out as
lov hills Qr‘cones.vSince the pyroqléstics'are,‘bn ?@e
whole,;relativelv éoft and uncensoliflated, but yey fbrm
the main topographic features, it is obv1ous that thny n
must be younger than the basalts. Sand dunes are ;n proc-
ess of formation from mile 35 to mile 40, above the lavas,
the sand aﬁbarentl4 being deérived from the-sedimenta?y
arsa 1mmed1at°1j to the north | I

At mile 40, in the neis hbourhood of Maidahad, the
road leaves the.vqlcanics and traverses sediments to mile
55 with nofapbféciable change in level at the boundary.
To the east of the road, the lavas overlie the sediments,
and havé a thickness of‘about 40 feet at the end of the #
flows., This area of sediments is gently undulating and |

1

" falls aWay gradually t0jthe west to the general levdl of
the Chalbi Desert. Some of the ridges croscing it h'an=
a2 thin skin of scattered residual lava boulders butthe

‘whole area may be manond as sodlmants\older than the
lavas, The sedlmants are thassive and probably f1at bndd—
ed, and are extremely variable in composition. 11 ~con-
" solidated sandstonas, grits and peble grlts, hhlch‘ln
places become almost cpnclomeratlc, make up the greater

part of the outcrpp, but there are also numerous small

lenticﬁlar :
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lenticular bodies cf'blnod—red fine-grained jazsper inier-
culatec with the sedwmcntu. Similar material 1is p}esent
as pse udo-ve1n1ets, together with spherlcal concreulondrr
Srovwths of yellowzgh—brorn amorphous siliceous material,
These occurrances apﬁear to bs solution deposits, probab-
1y from hot springs;.vhich have in parf reslaced ;hefsec—
iments.fThe'finer grained sandétones afe-mainly compcsed
of sub-roundnd clear o;'lron—stqwnac guertz grains, wh11e,
as the mater1a1 become s'coaraer, the g”ogortlon of angular
guartz increases. The psbbles in the pebbly arit vary
from pérfectly rounded to angular and many appear toibe
dreikanter. 'fhere are also occasional foudded-pebblcs
of  somewhat decomposed, fine-grained, purplish-blue ﬁct-
erial which'appeais to be a lave.. Unfortunately all
spec;mchS'of this material collected were. too- decomposed
for microscopic examination, Pebbles, mainly of quabtz,
and up to t\b ‘inches in diameter ’ are SCutt red over.a
‘considerable part of thls area and vere presumably de- .
rived fron the more pebbly facies of the sediments. At
the foot of th2 laves sast of the roaé at mile 45, is a
fairly extensive surfaCe_deposit of yellowish-brovm amor-
Shous materiel carrying scattsréd guartz grains which'are
usually small, sub-rounded and-iron-staiﬁed.' It is hard
" but extremely brittle and ha$ probablj been deposited .
from a hot spring iscufing from the base of the lavas.

| The'sandstones show many small, polishsd and agpare-
ently slickensided surfaces vhich possibly indicafe small

scale:
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scale faulting or slumping during consoliflation. No foss-
ils were found in this locality so an accurate uge deter--
mination is difficddt. They dppear to be younger thén the
Turiana G its found west of Lak= Ludolf and'thought by
Fuchs to be of Miocene age, and ere definitely younger
than the earlier lava flows, since lava fragmeénts are
found in them. It seeus likely that they correspond bo

the Lower ahd'Early MiddlesPleistocene Lake Beds in Fuchs
classificatioh (1939) since they are followed by at beast

one further period of vuleanicity. This view is supported

by the recent d1scoverv by Dixey of mammalian remains in

similar beds not far to the south—west of thls occurrence_

© which, accordlng to him, belong to the upper part of the

Lower Pleﬂstocone (personal commun1cat1on)

At mlle 55, near Malkona, the road leavos the sedlm-
entgﬁggawn passes on to volcanlcs, with a rise of 20 to
40 feet. Wor some considerable distance onwards the countwy
is flat and featureless, covernd with large lava boulders,
and with oeccasional tongues and low flat- topaed rldges |
of h1gh1y-ves1cular blocky lava vhich breaks up into
roughly rectangiular blocks rather than into the more us-
ual rounded boulders produeed by the weathering-of the
less vesicular type forming the flat country., It would
appear'that'these lavavtongues are the latest phasejof
the plateau typelof_extrusion in this locality, with the
material originally in.e highly viscous state and contain-

ing a higher percentage of volatiles than the older'types.

Vesiele
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Vesicle fillings of'calcite are common in the lavas.and-
the ridges also show many-small circular shafts,some?‘six
to eight feet in diameter, which may be late dry explos-
icn‘venps. |

Ash and aggldmeraté cbnes become mére common as the
- Huri HlllS are aDDroachea and the peaks of thls 1solated
‘range are all formed of pyroclastlc materlal on the
southarn slopes of the Hills, the commoneSu lava type is
an olivine-basalt with an extremely flne-gralned black
groundmass carrying small euhedral phenocrysts of ol;v1ne~
Along the top of the_rahge and'aown its northern slopes
the basalts are of a highiy—ve;icular élaggy typé, the
vesicles of which have been flattened and elongated hy
the movement of the lava. The 1avas'continue along thé
flét, lowalying’céuntfy'from the foot of the‘Huri Hiils
to the border, vwhere the insélberg mass of granite which
forms Mt. Farroli anﬁ Mahier emerges through the lavas.
In hand specimen this granite is usuéllyna fresh—looking,
coarse-grained biotite type bﬁt.finer-grained and probahly
marginal types are also present..The.isolated masseslbf
lan, Elle Dimtu and Kwial are also of granite, while
emaller occurrences are scattered south of Futroli.

From the ‘top of the low col between Furroli and
" . Mahier, the ground falls a;v:a& gently for several miles:

down to a broad lava Dplain, but the granlts are again in

—

. evidence some 5.5 mlles from the top of the col Isolated

cones of ash and agglomerate and ridges of Highly-veéic—

ular baszlt
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basalt stand out from the flaﬂs and thes? features in-
| creasé-in mimber about 15 miles from Furroli, producing
; a ve*y broken topography. Jﬁst south of Magada, pasalts
carrylnd roughly spherical xenollths of pa1e-green, coarse
ly crystalllne dunite and auglte-perﬁdotlte occur. About
“0.5 mlle west. of tie ro“d at Iagada is a circular crater .
some 300 feet deep, narrov1n° from about 1,200 yards in
diameter at the top to some 700 yaras at the bottom. The
lake at the bottom of the cratér is hichly saline and
mérked-on the'to:ographic'map as a soda or salt mine,
Trom the mldxlex of the lake rises a rud cone vith a blow-—
hole in its centrs vhich appears io have beon recentiy
formad, The odour of sulphur dio_xide is}cleérly‘nctfc;
able from the 1ip of thz erater, while on its outer slope
egectAd blocks of vgrlouﬂ rock tjjas oceur, ;nclﬁding?
g snites 81m;1ar'uo those pf 'ar“oll ﬁnd'ﬁasalts ﬁith
ultra-basic xehcllths. |
A fewwmiles north-esst of llagada the Tasc scar is
reached, rising stéeply~for some 1,300»feet,'after vhich
there is a further gentlg rise for several miles to the
foot of- the. steep llega hills, fhe scarp itsélf is guard-
2d by three 1arge cnnes with craters which have, in all
probablllﬁy, baen formad alorg a fzult picna or planz of
weamess rouﬁhl parallel *o th? main fault of the scarp.
The road is cut in volcanics tokhe top of the sczrp but

irrrediately to the ezet, acrosc a sharp lit:le Sully,

sently dipping gneisses form the vhols keiht of the scarr

This



101.
This \ould appeor to indicate a second fud*u Toushly at
right anW1°s to thn-scarp fauit The volcanics are a

ies of ashes , a;glomerates and basalte with gbundmn'

1=
o)
k

3e Freen coarsely cryaia_l;ne xenollths, vhile the

gneiss is a hcrnblendic type which does not apsear to
hava be;n subjected to any Zreat Jreszure «nd deformal-

ion.‘Smail pegmatiﬁe'veins arescomon in the gneisd,.with
biotite ns their main constituemt.

v?ron the top -of the main scarp to. within some o mileg
of Meza, narrow tongues.bf'bouldery basalt cross the;road
and all fadé out'at-short disténces east of it., TFrom this
zoint to Jha foot of, the Meza hills, gnewss outerops. a:e_
corrron and thece rocks underlie ell_*he Zently h“ddlatln?
countrj in this neighbourhood. Volcanics ars grain Iin
°v1denoe near ”eﬁp bu, as the 3= shéet was not avéil-
able at the time ¢f uhe owam;naugﬁn this arsa was noﬁ,
- mapped. The volcanﬂcs here,. hovnve ’ arelsimilar to those
seen west OL the road above the scarp znd to thosg ohjthe
plalns bztymen “"rrol: and Mass, and are, in all probab-

ility, younger than t-e lavas of the scarp itself.

TTTROLOGY .'

(a) The Sranites of Turroli amd Magada and the Jranite-

cneise of the Tass Scarp.

Specimens ¥X/C and ¥X/9 are typical of the principal
types of the acid plutoﬁics making up the masses of Turr-

oli, Mahier, Z1lz Dimtu and Xwial, vhich prnject as
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.rugged-toothed ridges through ths volcanics.
EX/8 ¢s in hand speC¢men ax coarse—nralncd *lomariﬂor-
Shyritice ;eggratlc rock w1;h smally sporadically distrib-
uted ciots of biotite making ﬁp a maximum of 5% .of the
rock. Felspar phenodryéts up to 5 mm, ih‘length'are éomm—
‘on and occasionally reach a lenzth of 2 cm. In thin sect-
ion the rock .is sean to bé_of'intarlocking gfanular ﬁext-
" ure with quartz and félspa;?raughly_equal Jroportions,
The quartz is usually Water—c1ear but occQ51onully con

minute
tains parallel strings »f bubbles and{inclusions, The,

inclusions appear as hexagonal colourlsss crystals with
high relief and straisht éxtinction, sucsesting zircon
or-apatite; iThe felépars'are microcline,-perthitq and

' oligoqlaée} the first twvo being somevhat cloudy and the
.1atﬁér quite clear. The oligeclase is-slizhtly less commow
than ths microcline &nd shoxs a ma% imum extlnCulon angle
in sections perpendicular.to Olﬂ of 9° with/ﬁ-greater
than canada bulsam .and less than that of .quartz, indic-
An

*vnc thet 1us comp031u10n 1s Ab 31qt1te, which

74250
1s pleochr01c flom yellow1sh-brown to pale-3rezn to dark-
creen, is the only mafic mineral present and shows some
alteration to chlorite,” This alteration is associated
with a certain amount of magnetite and reddish-brown'.
haematite. Juartz and fglspav are po_“111u1cally 1nter—
Srovm with the biqtite which is alviays ruch corrqﬁed”

Accessory minerals present are ‘mainly iron ores in small

- _corroded’
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.corroded erystals end agiragates, toretehar &ith occas~
ional idiomorghic or slizhtly rounded zircons., This Tock
is classed 25 a guartz-rich bi5tité—;rénite; .
-WX/9 is much finer zreined than thé rock just describaé
" and is a sugary leucocr=tic type vith more biotite vhich
is spread evenly throuchout the rock. Alteratiéﬁ of both
felspars 2nd hiotite has proceded mich furithar than in

the ~reviosus specim=n. Muartz =nd felspnr are zjain pres-

ry

ent in roughly equal'empuné'and maka.up some 7% ofqihe
rock; Thé.felspars:include kgolinised orthoclase, micro-
cline, pértﬁite'and olpgoclase, 211 of vhich .ra trifned.
.The alkali felspar'is ra2latively lesz in amount than: in
HK/S;f Biﬁtite is the only mafic mineral and is sxten-
‘sively altered to zive razzed messes of chlorite ﬁith
as€ocisted rnaznetite, The accescorias are zircon and
bma;ngtite,ﬁtbe ~eneral gréin'sizé of the former being
less than in'??/8. ’This'fock is a finz-_rained 2ntassic
biotite-grénite and Is probébly a narginel type.

"%/10, vhich is similah in,han§'3pecimenfto YK/S, vas
collected from the outar slopeS'df the »azeda erater and.
is apparently an ejzcted block from this crater, ™n
thin séction quartz and faiséar occur in apsreximctely
equal_émount'and_méke up-Somé éo&:ﬁf the rack, ﬁicré;
cliﬁe is the'predominant felspar,,acoompaniéi by very
little perthite and mot more thon 27 of olicoclase. The
microcline is sglishtly cloudy and sometima2s encloses
smaller'sub-rounded quartz érains shoving a reaétion rim

of
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of clear felspar (probably orthoclase) between themse1ve
and the mlcrocllne. "Fighly corrcded separate fragmeﬁts
of quartz eneloped_iﬁ the.felepars are optically contin-
uous over consid~rable areas. Biotite is present oniﬁ'in
mlnor emount and Is usually chloritised, lMagnetite, most-

1y primary, forms some 15 % by volume.»A l1t le seconderv
,magnetlte 1s associated W1th the chlorltlsed blO\ult
Z1rcons are more abundant‘than usual; they occur in and
* around the borders o‘ the idiomorphic masnetlte. This -
rcck 1s a b*ot1te—m1cr3011ne-¢ran1te.

The fine—grained,leueocratic hornblende—granite;
gneise'of the Tass'scerp is somevhat similar in appearance
me@escepicelly to the above aranites. It is repfeseﬂted
by specimen HK/25, whlch has a tiny veinlet of quartz and
‘biotite through it and.ehqrs promlnenu banding of the mef-
ic minerals.'Wicroscopically the réck is seen to bs fair-
1y coarsely xenomorphic Zranular in‘texture, vith guartz
Aand ﬂlcrﬂcllne as the domlnant const1tuenus, qﬁartz'Being

slightly in excese of the felspar, ‘Smaller ﬂre;ns of ‘oliz-

oclase occur interstitially, vhile perthitlc,lntefgrowt e
-of microecline end'quartz‘a;e corron. The microcline us-
ually shows cloudy elteration products, The main mafic
fonetituent is ; DWeochroie_brown‘to dark-areen horeb;ende
with extﬂnctwon an°1e Ac of 150 A little broun bfttite
is ceveloaed .and 1ts slisht Rl+e”at10ﬁ to chlorite is
associated w;th a little magnetite. Plentiful idiomorphic

or



oer sli-htly rounded colourless

vhich 2nclcs=z8& zireons, 2re »r-sent s access

nati

(b)

2 fineégraincd, derli-grey vesicular +ype with

of dark-sresn glass)y olivine up to 2 rm, in lenath.'_

of pa

te is also present in slight arount.

Tha tvo specimene deser ibed bolev are trsicel of tha

mair typos ocrvrriny zlont this stretch of r

vas collected nozr the Xelacha road junction snd is

Py

Lo yellowieh-green pyrogens. Olivine phenserysts

vesicles 2rz lin=d with calcite. In thin szction, phenc-
criysts of serpantiniesd olivine and +iny 1aths of clzar
trinnad plaginclase felspar are s2t in 2 r"‘tocrystal’lne
. . o, - -
mat“ﬂ .of magnatitz and smal¢, usu2lly subyhelrsl,pirisme

show

suhedral to subhedral corrnded forms.with slmost =lwa,s

a serpentinised zone rounﬁ their bnrZdars and somet
alons irregular oreocks. Tagmetite is present in such
sections. The olivine has a 2V o

f about 20° but appésrs

to bz opticzlly necative, Pyroxene is pracsent in labze

emcunt in thre :roundmﬂss. It is an optic~lly |

o) : : .
cf 787, The-felspar laths =ra nsit =g sromincnt

I non- ;lﬂoch?oic augite vith an =xtineiion

.
el A 7
ale 2

ae

w T

the

AC

D7raxXsne; they are clear and zZlassy ond have z meximgm

- . Y

st tinetion angle in scetiong garnendicnlar

M Sreater than canadn balsam, indienting

of tho cormmogits An, :
| jplefc t_op !\_bso.-.n50 . Much marne+

210 of 27°

labrador-
ite ig
also



also present in the aroundmass and a certain amount is
enclosed in the olivines, vhile granular calcite is comm-
on in vesicles. No felspathoids were seen in the }oék'
v%¢ch may ho claased as a normal olﬂv1n°-bnoalt
Specimen HX/S5 was collect2d from the lower south—eastern
slopes éf'thf Furi Hllls and 1s a 11eav derk~-=rey basalt
with slightly larger o'ivine phenogrysts than HK/S (up to
1 em, in leggfh), set in a cgyptocrystaiiiﬁé matrix; .Ves-
icles are not qoﬁﬁon in this rock. In thin ssctinn bdth
olivine and monoclinﬁc pyroxene are szen to form pheno-
gl

Erysts, with the pyroxene slvchtlv less common than the

olivine. The groundmass is much finer grained than HK/B

- and, though it appears to bs made up of the same minerals

(labrﬁadoriie, éugite and magnetite), the individual ’
sta1s are too small for optlcal determination. Thé

011v1ne phenocrysts -ghow few signs of alteration and are

usually of greatér size than the pyroxene which onlyirare-

ly poikilitically ennlosns them. Small cavities with ser-

pentine bordsrs and lined with calecite are cccasionally

seen in the olivinz phenocrysts. The pyroxene generally
shove euhedral form and is slightly pleochroic from pur-

plish-brown to pale-yellow with absorption X>Y>2. Han.,f

crystals have a rim darker and more pleoch”01c than the

central pa%ion. The @1nera1 1s_opt1qally positive with
an extinction-angle ZAc of 42° and is, therefore, a tit-
anife?ous augite.’ The augites_show-g tendency towér&s

crrstallisation in radiating groups from Centreg éf,_%

olivine
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‘olavine or granular nasses of qﬂJc1te, and the ruJOTlt ‘
f_tﬁem appeaf to have crystallised at a-later stage.than
the olivine, Calecite is comrori-as irregular ~ran41ar ‘mass.
es?and rmch of it is fo douht secondary. The rock is .
classed as an ol v1ne basalt. possibly tanding +omerds
ankaramite, |
The differences betwe;ﬁ the two iypes may be_gum;ar-;'

ised as belov :-

-r-vr/s . . ™/

AL, oy
V651cIés comwon. T Vasiclas rare.

Olivine phenocrysts'serpen- Olivine phenocrysts not ser-
tinised. . , peptlnlsec : s

5

\uzite phenocrysts absent. ,.ugite Shenoceryste corrion

Aroundmase fine~-grained, = |Aroundmass very finc-zrained

Chemical analyses are not qv111 sble so it is imnossible
to say to vhat extent the chemical comiositions rafiect

the differcncee noted microscopically.

{c) The Rasalts w1th Ultra—b 1sic Xﬂnol ths from the

1

i

assg sear;

nature f the “econra-ssance in th1s area

l-’ .

~he hurr
made it impossiblefto caryy out any detailed study of the

fielc relations of ths various volcanics,_Thc xenoliths

in the la va appoar to ba of comrmon occur:zence since sgec-
imans hav b°=n collected also I”Oﬂ _the !agade Crater,

o(v,

the Alge area som= 100 miles horth of lega, the lower

sauth e ,-m

-k



gouthern slopes of ﬁérsabit "ountain and from the nei-b
hourhood of *the I"zombe Zratsr north of-the Tsiolo-2arba
Tulla goad sorre 100 mﬂlﬂs soudn of I"areabit, Only the
speéiﬁéﬁs collected from the Trec Scarp have been exanined
micraécopically,lbut-in hand specimen, thosc frqm th: oth-
er arsss’ are similor, Selectgd‘specimens from the Tuss
Secrp ere described belov:. | |
3_3__0 is..n oxtrnma"v finz-grai ined ,.dark-:ra;;, hiﬂéll&‘—.
-vicular ;laggj type with xenoliths of pele-znd dark-srzen
;ias"" crystal’dins ma* ri in vhich thsre is & cartain
amount of reddigh-brovm haematite strininz, Nccasional
-;henocrysté of olivine, up to 2 mm, in l2nwth, zre Jresent
in the baba*u, Uh11e one Telspar Phenocryst of r“ctanﬂular
section about 1 cm. in lenzth vas glso-hotedtrThe Zrounc-
mass of thz basalt is extramely fins-Zrein=d znd alnast
opacue in thim section zxeespt with hizh megnifi ftion
vhen it ic ssen to bé sugitice, ;iharally s;rintlad with
moonatite, and with rarg'small oiivines‘ﬁnd mi@rolitﬁs of
twiﬁ;,a claz *oclas= felszer. The wugite is pcles brovmich-
Zreen in colour, “lﬂv*ne phenocrvsus, the larser ones us-
ual’ly, mach corrménﬂ anﬂ tbe =ma11e” :>nr*q Feneraolly enh g~
rol and 1ittle corroded , are pr esent in the groundmass.
It is sugsestaed thatftﬁe badly corrodad individuals meg

. ] . .
be rslics :of crietals stoped from thz olivinc-rich xeno-
tiths, WH_le,the euhefral crystal)s have crystellised
from thn bas ﬁ mMAgma, Tuhe@ral augite phenocrysts, feaer

. . and




. .and smaller than the clivines, and less corroded, are

also present; they consigt of & zoned, slightly ple .hr -
" ié titaniferous type.
The xencliths are éssenﬁially'diopsidié pale-zreen

augite and olivins; the augite beaing aprnroximately tﬁice
" as comron 2s the olivine. Brovn- almsndite garnet'isjpres-
ent to'the_exteni of 3 to 5 ¢ bylvolume. The &ugite*is
non-piéocﬁroic with é V about 600, optically posiﬁivé'
with extinctionﬁangle ZA.c of 40°. The olivine is opﬁical
1y negative with 2 V near OOO und shov's no senpent1n1s-
ation.- The Oarnnts usuaTIy shor' kelvphltlc rim of gran;
udyr auzite. One blaue of a colourles mineral \chh
was not positively identified éhoﬁed'the followinggo?tic—"
.el properties';— lamellaf twirmming mell,dgveloged cnd a.
tendency to cross—hatchingihoted at hiﬁh_mégnifinatign,
straight extinction, a silky.appaarance with low order
greys and yeTlOWS betveen crosced niqﬂgs, lowt}nfringencn
w1th/u-great=r than canada balsam and less than ol1v1ne,
biaxially positiva with 2 V betwesn 50° and 70°, no cleav-
~ages but irregular cracks._ Tt encloszs Sornet znd oliv-
.'1n° and in this particular S°Cblon is adjacent to thn
busalt contact with the xenolith, Another colourlew¢ “or
very pale-zreen mineral is pfesent in small amount,'ﬁhich
fghows arey polar?sation colours,/~ greater than canzda
'balsam; optically nezative, 2V naar 90° and;extinct{on

mgle Z Ac of 2°, It is probsble that this mineral is

i T - .t 3 -‘ )
tremo;ltg, phe hizhest extlgct;on angle ZAc of vhich

doeg



docs‘nbi appear in tris séétiqn (se2 later dsscriztion
of WX/25). Tonéues of the qroundmasq'vae *onetrated-the
'xeno “ith along cr*stu] bounéarlas and irregular cracks
but thﬂrﬂ is l ev1dence of elter on due to thvs
' except the dnpos*tlon of black 1ron nres in the an cent
- olivines. Small tralns of s bnbblﬂs and black orﬁs Are
}coﬁncn in the Qllv;nes and l=zss comrmon in the gjroxenes;
Thay apisar to be conne cte: vith tonzues of basalticvmatev-
irl, The borﬂers of the crvs+als ara_nst the lava Te.-
bigh1§ cre ndlategétgg 2sting that a ce tlln ﬁmoant of ma -
matic corT051oq hns taken glnco 'Cryst a stoping by phe

magma from the xenolith is also obviove; the_oli&inésza,p_
caring to have suffered more in this respecct than thelpyf
roxenes. | B o S

The xenolth is refsrred to RORDUNITE or OLIVIIZ-PYROX-
ITE with @,?NTT,'whilé.th% enclosing lava is an O“IV'"“

RASALT or poscibly ATTKARAINTTS,

HK/21 is a dark-grey, extremely fine-grained basaltic

tyre with Dhnnocr"sts up to 5 rm. in lenqth of qlascvﬂ
Sreen 07¢v1nﬂ And. small menoliths of dark boftlo-%reen
coersolJ-Cvabal e materiel, ?1croscoplca_*y, the arcund-
' mAass is ~reryish and crvotoérvstalline; rich in tinj'sﬁumpy
greViéﬁ-ffeen Dryroxenes and bchk orns. Under hicgh magnif-
- ication m*cr011ths uf clear t\ﬂnn slagioclase f%lé;ar
ma3" bhe dlstlngulshed.but are 1ton small fﬁr positive ident—
ificatioﬁ._This felspathic material is definitely subsid-

1ary to




111,

. - L - : . - ] . 14 .t
iary to the pyroxene and iron ores, Thc clivn? heno-

crysts ~re usually corroded but shov litle =svidenee ->f

uh:r alseration, A dusty rim of black iron cre is usnzl-
¢
1y Adavelc22 round th2 24z2s of the corrodzsd crysials,

The minersl hss.a 27 near. 200 ond is optieslly ositive,

surresting a composition of 087 & forstesite and 12 % fa, -

clite. Th=nocrysts of slihhtly pleoehroic'tit?nife?dws

1
ct
ct
i
o
(]

amTite “re also orasnnt thorgh in sn=llsr omou

olivine,. Tiny xectahgular inclusions havinz higﬁ reiief
and oblifue extinction give this mineral ~ dusty spjear-
~nees.

The xenolith is't'COﬁrsely xznomorﬁhié Semauler mix-
ture of clivinz and moﬁnclinic Jyroxens in fcughly egual
:“ﬁ‘OrﬁlOﬁu, vrith BCCeSIOTy *’rn?t an? mezrmatite, Alter-
ation of tha in;inal constituants of +tha rcck.b;';.i'nvaﬁ.-
iny tdn?ues-of_tﬁe mﬁqmé.hes not frncecﬁcd :z'ﬁny az

ebla axtant but masmatic corTosion of the ¢livines dir-
c2etly bordtfing the lava h's ;roduced cfenulfte m=rsins
to this'min_rel and:tﬁq daposition of biack ores'gives a
dusty rim in such cases within th» nlivines. Strings of

»

‘inclusions Af bubhles ~nd mimitely ﬂrystalline-blvcklores

~22°r t3 be onn“ﬂc?ﬁ* Gth the inwadinT tonsuas of tPP

rve, T2 'la-ﬂre,n Sorexin: is

1 2 S Non-2 lscchroic vi riet7
shoving 7onl aleavame, 27 just above: GOO, soticalls ons

Aal SEQti_ﬁnS of Ha“’“(-b'ﬁo\‘n g-rnat wars notear T+ a. Y

[
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ive index is hetwraan 1,702 ?nd 1.2C2 {n=arer the latter)
indicatin~ that it ig the ~Imandite v@rlc g Accessom:
csnetits occurs in bsth +h2 olivine -~nf ~uzite,
The Xenolith is an ATATTTETRID y"ITT  ond the snclos-

ing lava  an ALITTTI-RATALT,

HZ/22 . is idsntical in hand s;ecimen vith ™7/21 znd in thw

erction shovs cnl" mincr diffsrancce, Tha avyit: hoao-
crysts of tha bagsl ﬁ%*ﬁh arz of o zcn2d ~nd sli, btW"

: Y ~0 :
rleochroic ¢ ;e '1th ﬁxt;nct*cn.ﬂnfma ZANc of 2C%, shou

lss¢ corrosion than tha olivines vhich =ve oftan littls

winz hs

{de
0
7]

mors than sktelstal forms, Qececasionslly ths ol
2 rim of radially dzspo sed finely-~r-nuler -~u~its. The

grcundnnss ig =oain ?nﬁitic wwith o liboral s:rinkling of

J

black orés Aand somz mic oliths of clear tuinnzd 2l=ic-

.
nlerse falspar shovin: A maximum 2:-tinction an~l2 in sect-

ione Darpendil 3

cular e ClC of 24° and aw zrazter than can-
ada belsam, iz, =mndegine , ABgpdnao. Interstitinl 10 tha

zhovz is a.colourlﬂss mlnerql qboﬂlnr no t 1nL1n or.

cleaveze,  vith /w~ Just 1ess uhan cania balsam =nc ;rey

interfaerence eolours. Fo othar optical propertics could
be detefmined baesuse of the extremely small size of, the

erystels hut the mineral is possibla orthoclase

10}

The xenoliths are mainly small, some 2 cm, in dicm-

eter and ths chief differznes in compnsition bziveen these

snd the previous specimens is the increase in the amount

of almandifz. The crystals of this mineral =sr2 also larzer

than in previous specimens and often assume a lobe-like

form
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form and usually have sn opague black rim and = satchy -

kelyphitie zonz of finelr-granular a: agite. It is suggeét—

& that the opaque border and kelyphitic zZone are assoc-

iated w1th the alteration of the garnet, 11berat1ng mag-
netite and formlng Lne granular augite from the remaining
constituents of the ‘garnet. The olivines are clear, col-
ourless and show no serpentlnlsatﬂon. Small trains of gas
bubbles’ and black ores, which increase in size and amount
as the margin of the xenollth is aQD”O&Ch°d apz> ear to
indicate 1ntroduct10n foom the lava and are not confined
to craéks aﬂd cleéVages.in the hinerals of the xénolith.
The pvroxenn is Dale cf1'-een, pleochroic to zlmns® colour-
loss, optlcally'9031t1ve.w1th_2 v about 50° , and wlth
evtinction angle Z Ac of 48°%, i,e. in ‘the diopside~heden-
her~1ve series. This mineral, .on the borders of thz Xecno-
1ith, usually has a rim of_finely-granular alter=ation
ﬁaieriél which.ié tdo fine-g;ained té dstermine. Reryéer-
ing cleavagoss and crabks along which thin tenzuzs cf'fhe
lava majma have invaded the xenolith, the pyroxehe occasi
iocnally assuMEs.a darker sreen colour, possiblyr indigatin{
a glizht cnrichment in iron. The invading tonzues of mag-
mo in somg instances widen out tn lobe-=like forms inside
the xemolith, ususlly replacinz clivine, smell hizhly

cor “oded frﬂsments of which memain shelosed in the besalt.

Thé x2nolith 'ig an ATAITI-PINTIOTT™ vith dxa““T,

ond - the enclosing lavo OL.TYTTD-RASALT,

Y/ et e . -
T/t megrecopically is a beavy dorz-oroy, finaly

wvecica l”*
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i

vacicular lava vith o2.ivine Whenocr*sts gyl to <2 mm, in
lanzth., It 2ncloses one largze x¢ *"th of =razn plascy
crystarlling materisl ahout 35 inechzs in diamester. In thin

ssctinn thz auritic groundmass of the lave is finer zrain-

<

_eﬁ,and.mgre esicular theﬁ in nrevibus 1x;nplas..Pla:io-
clase micfoliths-qré ﬁreseﬁt in Nrent:r amount ond usuale
ars of ﬂrqpcr =17e‘+h9n Drivicu slr noted (more like £3082
.of_HK/S/.ﬂThe felspar is cléaf and’ tuLinn2d vith o maximue
.extinctioﬁ anglé in uections-perpéndicular to 710 of 229
nd e greater thénfcanada bclsam,indicting Labr: dorita
about Ab,Angn. The olivine shenoerysts. sr 2 smaller 2nd
th:_pyrpxene phnnéqusts l2ss common than In privious
-eiamples.: | |

Th2 =zenolith is made ud ﬂrx‘..:'_nl"v of larez snhedral oliv-

inss with 2. Xittlz vary 3a1°—~v°ﬂn dwﬂwsiﬁic cuti

lourle

from pinkish-brovm to'étrawéyellow tn clmost ¢
Tongues of ﬁﬁe rroundmass hava entsréd.tﬁé.kenolith alonz
erysta 1.boundarieq énd cracks and oftzn stall out 1ntb
brilboug. forms, T3 tc nﬂ béth olivine cnd éﬂfite, small
residual fragments OL xhlch ar2 s2zn n thz invasive .mat-
srisl, .Sma2ll subsidiary tonsuzs branch Trom thz main
chenmels and peoes intd_tbo olivinzs, dz 01eésinz iﬁ éize
"mtil ther boeome mere trains of @as bubblas or ninctaly
.cfystal‘ & black iféﬁ’orés. Thé‘m?rgins_nf tho xanoiith

rs highly crenulat and hava a dusty aipearance imﬁarteﬁ
, ! ' :
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docpesition ﬁf Pln“‘y crmretrlling black
oras, Som2 coarbonate Mag bazn formed in thz xenolith.

™his monolith is. s VWTTT snelosed in OLTUTIT-RAS X_T.

UX/2% .in hand spzeinen is & sponds, hiThly vesiecularitye
purplish-brown iﬁ colour, ~neclosinz ~ xsnolith of similS:
type to those‘previﬁusly d%srribed bt yiﬁh its cbnStit-
uent minerals stainsd raddish-brovn. In thin scetion,
sﬁali circular vesiéles shoving no minefal lining m
some 50 ¢ of théilé&é szction, tha groundmesec of vhich is

rz2ddish-brovn, The ochth of hﬂd%lv altzred olivinz ‘and

elasa falsger ééterm*neduﬁs hnﬁﬂcﬂne, Abpnuﬁﬁ-, vhich
occd51onallv shov: aurowrh flow nrrangem:nt roeund the.ves-
icles, Much haesmatite is nrasent in glnc: 5f the ugual
mﬁsnatite. ﬁﬁny of the ollv1ne *ronﬁo’"qtq have baen pl-
most eomplataly alterod to pledehroic. redrigh-brovn to

;yellorish-bréwn idfingsi e,'tdgat_er'w1t“ r2ddich-brovn

raematite 2nd a 1littlz finoliy-grenular black m-cnetite,

Q.

¥
Th2 most iniens:ly alterad £h nocrysts chmronly” Lavn a
narrov rim of umeltarad’ C1O“TleSa ollﬁine. “hera the oliv-
Inc is not complately convarite”, the iddinzsits zone |

shows ragged meargins ~rainst the.central cors of residursl

. J

olivins vhile the unaltared e1iv.ne rim shove shar: mar-
eing with the cnclosed iddingeite, ~Tdw=rds (1920) ob-

geitved eipilar



11C

s2rv2d similer nhanom:pa and suryTestad that id&ingsite ie
only found in rnecks hovine an iron-rich £ifgl fluid. 'The

rim of uneltarad olivine is 3xpl~inzd =s bein3y duz to, tho

settinzg-us of 2 r2varse reaction in the oyuation—
- . ) A, ' TA AT f
OLIVIND ITDIFAGTTS AZITIM

z L4 ) ~s P PP — '
2{1"37e )0, 2105 —» 130.72904.3510,. :fae——a» 72,504,720
In the Lorr2“6 roaction prosraossive addition of iren 'is
nesded throushout together with silica snd vater in tha
szcond staga. This, 2Awards considers, takes ;lrecz during
“'3”".3\; of . . . '
theAponce ratinn ‘of tha velatilas immedi~taly rior to
the oxtrusion of the lava. The vo'lotiles are rslzzsed-con
extrusion and thz forrard raqctvon can no lonzer crocesd,
ut 1 AV2rsa s £ mi'? the szcond znerati iv-
but is roversed, thus forming the sac nd. szneration oliv
inz rim vhich has nn fuc llt’“S for alteration, - This ol-
ivine would 3r°SLm/ab1v bz of bh° szme ate of cretallis-
ation Cs the ol ivines of thp groundmnsu.
The xenolith hnc 8 coarse xencmorzhic texturz, beingz

nads up of ﬁbout EQ ¢ ollv:na.or_lt "eltaration ;roducts,

oy

torzther with ronvhly ecual amomnis of ssle-ZPzen hugite
~nd colourless trﬂmollte. T™e tremolitz heas similar'q;-
tic2l »rodarties o thp tremolite in HX/20 exezpt that it
extinction angié ZAc is 15°. Aocas orizs aras raras dork-
brovn garnet (Drobrbly almandlﬁb) and cubic black ores.
Ths olivines shov # similar type of alteration to those
off the :rcundmass.of tho bssalt e2Cept that Iznerally "

th2 alteration has not Zroccedesd so far, Tddinzsite is

(7]



1il?.
most common n2ar thé marzgine of thez xonolith and starts
along c;acks apd erystal borders and from these spreads

" into the olivine.crysxals. fach finely-sramular, reddish»
brovn haematite is also seen, esdecially in t1e altered
ovivings. Tha vhols of the marcinal ares of thes Xenplifh
has bren brokeﬁ~up and éhaitared bﬁ 1&Va tonJuos mhiéh
Iorm 2 rwml_v”nw nat\orv "'tandﬂnv somn distance into tha
'xanoaph. The »roca2ss oflcrvstﬁl stoc;n? is w21l demon-
strated hore by fragment.s of the marzi ngl ollv1n*s ers-
2rvéd in the lava. Azain the pyroxeanz and arphibole have
been affecﬂed to a smaller dzzres than thsz olivines. Sub-
sidiary veiniets fron theliava tonoues pass into the'bliv-
inzs 2and cven u=l1" the felgnar m1crolvth= and au*lto
disappecr 1“av1nc'onlv mnets of f1ﬁ°1y gremelor biack’o“uh._

Mazr the centr: of the xenolith_these themselves fade out

[ N

nto t¥ain of z:s bubhles or a,sin;leiline_of tiny twis
and lobate forms of black ores ﬁhiéhlprbgressivel; da-
érease in size to thzs limit of-visibiiity. Marsinally
“the xenollth is aléo'ﬂréﬂtlv'aﬁrichod in iron vhere black.
ors:s pass ¢i rnctlv 1nto it from the lava along mineral’
cleavages and irreguler cracks.

‘Tha xenolith is an AMPFIROLZ-OLTYINTTR or AUAITI-

TRIMOLIT-ITRIDONTTS enclosed in an OLTVIITI-TASALT,

uK/Z? in hand spzeimen is a dark slﬂtﬂ-'rﬁy, flnelj V°S-

icular laVB with gresn crystalline xenoliths up to E'Cm;

.

1p dlamﬁer,and isclatzd glasay bottle-green olivine phen-

v g e .
OCTysts v to 4 rm, long, Tn thin seccticn +ha croundmass

cis
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is fine-grainzsd and more felsgathic.thcn other.sgecimens
excedt Hf/zé.'The felspaf.‘kl bradorltv.-Ab1rAn05,

which oa asionally shovs Qphl int;_gromths with the
auzite of the groundmass . The pucitn usun lly occurs, 1n
small ygllowiéh—brcvm prisma. Othe mﬂnarﬁls free ‘:in %
the croundmass are much magnetite end rars =mall olivines,
Olivine-oc""rs abundant 1y as phenocrysts 1hich are uralt-
. ered exespt for the d?*nqifibn of a slisht amount of:iron
ares rbund their edzes and ,Along irregular cracks.v it
Gnas , hovervar ’ show some signs »f =mbr;ment® and corros-
ion. Ware_euhedrai microphenocrysts of colourless to
3urplish-ﬁfowﬁ fitéﬁ-augite are present, hut nost of the
nyroxene is found in the groundmass. The xenolith is sim-
ilar in texturs ~nd grain size 1o preV1ous axmples and

is mfde up'of 7% ? olfvinn;nnd 25 ¢ cco'curless to prle-

gen augitvs with an. ext¢nct10n an*lefZA c of 160. Small
to 1es of thd invading lava occasionally spread out into

bulbous forms within the xenolith; Such rress appear'to
b2 nora augitic ﬁhan thé- maEn mass of.the lava, The only
effect of the 1nv-~r=‘un'r mater risl on the xenslith is a cer-
t=in amount of corrosion alonz its marzlhs and th- depos-
ttion of black iron ores, |
The x=n011th is an A'TITTM-PTRIDNTITTG ond ﬁhe lava en

NLITTIT R ’.\f‘ AnT,

77/2C8 is part of a l.rge xenolith almost 2 f23t in dismet-
er, of a green, coarSely-crystalliné, Franular olivine-
rich rock in a highly vesicular ‘lava. The rock also Con=e.

- l" &
tainggroen
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tains green augite and a little finely divided'dark-ﬁrow1-
to black garnet. The thin_sectioh contains some 50 %
of clear coclourless olivine,-occasionally'showing slight
signs of serpeﬁtinisation, 30 % of very Jale-green aizite
(2 Vv about 50° optically positive ahd extinction angle
Z c of 4 ©) and a lesser amount of the colourless minar-
al referred to tremolite (cf. HX/20 and "7/25 ) with 2 V
near 90°, optically negative and with extinction angle
% Ac of 19°, Almandibs is also present to the exﬁént:of
' some’ 3 to35 f and shovs th2 usual kelyphitic rim of srah-
ular augite.6ccasionéiiy.aSSOCiated with magnetite, Acc-’
essory magnetite'is also precent in the xenolith ghiéh
showis no signs df alteration by thé lava magmaz. L
This rock is an A”ntRéLErOLTV1HITE with GARITIT or

-AU@ITE-TREWOLITT-PERIDOTITT with FAR™Y,

(&) Summary of Petrology of (c).

The fnreg01nr peurologlcal descrlatlons are cumma::'f'is—
éd in Table T and it apnears that ?he Xenoliths are re-
presentatives of the two series:- | | L
(a) Dunite—=—Augit: r1dot1te———011v1ne Jvroxenite’ and
(b) Munite——Amphibole-olivinite (or Augite-tremolite-per

idotite '§, with up to 5 9. of almandine, as shotm below:-




OllVlne -nyroxenite

o=

'

Olivine-pyroxXxenite + Farnst
35 ¢ Olivine, 60 & Augite, 57 Zarnet

"Augite-peridotite
75 ¢ Olivine, 25 ¢ Augits, S
50 ¢ Olivine, 30 # Augite. Co

Aug;te;perldot1t0-+ﬁarn at. - .
80 % Olivine, 45 ¢ Auzite, 5 ¢ Gasmet.

DJRTITS

95 €

Olivine

5 ¢ Augite

Augite- trnmoll -peridotite +3arnet

nm“h bola—011v1n1te + fGarnast ‘
-:bo ¢ Olivine, 20 ¢ Ausite, 15 % Tremolite,
.5%”Garnet. \ ) . -

Augite-tremolite-peridotite
Ambhibole olivinite
80 % Olivine, 25 % Augite, 25 % Tremolite.

‘Facilities for the carrying out of chemical anahyses

and detailed micrometiric measurements were not available

of

that evidencz of a compleie zgradational series cannot
established,
The enclosing lavas show variations in the amounts .

auzite, olivine and felspars and in the composition of

,, - : ) I . i .
the felspars. They have all been classed ‘as olivins-bas-

alts but it is considered po ah1ble that more dstailed

pet*070°1cgl
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rctrolnzicnl and chemical wort vould show them to hove

a
(aflinities with the Absarokite-Shoshonite series of FHolmes'

and Harvood!'s “uf“ﬂblra Iemoir (198‘,, thU"h orthocluse

has not bren positively 1dent1fled in av, section. Chan_csg

in the original composition of the lava mems have no

jah
O
e

bt bezen effected by the absofption of same of the xeno- |

Tn conclucion I wieh to axoréss my . han?s to theComm-

c+

v

iscioner of "inzes &nd the officers of thu Mining andeeol-

ofical Depertment of Xenya who providad facilitics fo"
%

the cutting of slices, miérosce ic cxenmination nd th
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Sdw arus, A, 1833, "“he mertiary 7olcanic locke of
' : “entrﬁl.vlctor13W, e G5, Vol
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Fuchs, V.2.,  1833.. "The Zeologicerl History of the. Lare
- S Rudelf Rasin, Zenysa ”oTOn" " Phil.
rans.ROJ Soc London., fol 223,
1239, . :
Tolmes,A., & 1933. "The Detrologzy of the Vol'c nic Ar
Yarwood, o of ™ufumbira.", I'em,!'o0,3, Dar II,
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