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to see whether it was likely that any minesmais of use during the war could be. fcund
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i INTRGDUCTION : | s o

: A geological reconnaissance of the ¢ountry north of Nanyuki was made primaril \\
|

there. This report is an account of the genlogical msul:s af the work.:

The ‘area, is limited by the cquator, 17 30" N , 36° 30° B, and 37° 30 E, and i3
about 6,900 square miles in extent. It inchinfes much of the high phms of Laikipia and
Lorogi, the Karissia Hills, the Matthews Range, asnd Lohdaika Hills, the middle and
epper Uaso Nyiro basins, and the northern slopes of Mount Kenya. It is referred 1o
here as the Maralal area; Maralal is the administrative post Tor the northern (Samburu)
i part of ft. This particular area was chosen as being geologically litile explored and
-reasonably accessible from the railheads st Themson's Falls and Nanyuki and there
were vague reports of minerals found i it. Study of the woleanic rocks and water
geology were originally exciuded, but at & late stepe added to the scope of lhc work,
and barely received the attention needed,

The work was done at intervals between December, 1943, a'ld Dcc:mbcr, 1944
Some 8] months were spent in field work.

Topographic Afoss —2och of the arca, from the equater to 1° N, was surveyed,
carly 1 the wur b the Servey Unit of ihe East Africa Command, This survey had
to be done wuwht. amd a fow billy districts were not reached, or were not well covered,
among them the ferested northern slopes of Mount Kenys, the arca between Nyan deddy

- and the main Usass Nyiro bend and part of the \rxllhﬂg\‘\}"} country, Partial sketch

 revision of the first {wo of these was done incidentally during the survey. The topo-
graphv of the north-western sdction of the area is taken far sely Trorp a plane-table
sketch map made some years ago by officers of the Survey Derariment of Kepva, with
additional triasgulated points and other cata added by the Military surveyors. The
north-gastern sectiony {Matihiews Range) was surveyed during the present work. As thisg
was a quick plape-table survey, done from a lraverse route chosen to suil the limita-
tions of camels and to yield geological ratner than {oporrapmc information, no high|
- degree of accuracy is claimed.

Throughout the work, geclogical dala were plcll-cd from compass and
perambulator-wheel or rangefinder traverses. Traverses were tied {0 previcusly fixed
poinis, or to feints fixed by planc-table resection. The accurzey of {he naps wag
seldom adequate for position to be fixed by reference to details of mrm‘raph-* Field
maps were pioucd on i scaie of 1125000 except in the north west where the 11 250,000
scale was used, huch of the plotling had to ba. dane afterwards jrom u‘d\c.:e notes,

I—PREYVIOUS GEOLOGICAL WORK
There 18 dittle published information nhout the geology of the drea..
Jmcph Themson, the trst European 1o reach this part of the ceuntry, crossed Laikipia
in 1883, on his way from Lake Baringo to the Uuaso Nyiro, o naticed (Thomsen,

1887, pp. 224-2213 that the rocks there were lavas, A_fow soirs later Teli% and
von H.!lhmi during their expedition 1o Lakes Rudely amg and
Joapped paris o1 tra 2, the ofRS TRy Cedleitd Wil G {iosiwal,

18913, vut Bis repeit s not available in Mairobi, He is vaid to buve ¢ s phonolites,
trachytes, b:mmz and gneisses. In 1893 Gregory, on hi return fro 1 Earingo to Mount
Kenya, crossed L.l.m""‘:a, but his route lay just bcyqud the south-west corper of the
area. Hls fascinating book, The Grear Rift Velley (G FEROTY. t%:61 in which he gives
an account of the c.sp:.,d]lmn centains the first attemip: to correlute the volcanic
eruplions, the history of the gieat lukes and the earih movements which formed the
Rift Valleys. He divided the whole veleanic period into seven sinees, placing the
voleanic rocks of Liaikipia (ibid., p. 233y within the first four of 1hase, as follows 1 —

TMiocene {4y Laikipian  Platexy zruptions of basalt,
Eocens (3 Nuasan e aeeravaas

. (2 Dyoenvan lfcm't a d Sewtimiaia eropiion.
Cieinoeous Ll)l*ir.;,-i.;:'. Fiewt Planey eruptions
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He gave lhc name [ ampun to the basalts which * ‘form the main cap of I.'é.ikip':a. where
they hie on eroded surfaces of the older lavas™ (ibid., p. 231). :

In comparison with the knowledge gained by these explorers o the s\ matury.
who had to march from the coast through an unknown country: subsequent advances
are msngmﬁcanl- Only two more geolopist$ appear to have passed through %he artd.
- H. B. Maufe in 1906 crossed its south-west corner, recording alivine busalt noith ol the
Sugurm River and phonolite at the Pest Swamp (Maufe, 190%. p 39). Parkinson. in- 1914
followed the track from Rumuruti to Archer’s Post. down the Uaso Nyire. on oce of
his journeys into the Northern Frontier Province. He- recorded (1920, p. 3} some of the
types of metamorphic rocks seen on 1h[5 traverse, and drs- usu:d the geomorfholegy of
the Uaso Nyiro valley.

II—HPHYS IOGRAPHY

The phyﬁmszraphy of this part of Kenya is varied and interesting. The chief faatures,
'whtch are closely related 1o the rock formations. are shown diagrammaticafly in Fig. 2

The Loldaika-Mukogado Hills, the Karissic Hills and the Matthew Rr.--.;:r arc the
chief mountainous areas. Thev form iwo discontinuous paralizl zones trending nearly
north-south acrds, the area. The Loidaikas and the Karissiv Hills mark the line of the

“western zone. In the eastern zone the m.zm elenient s the Matthews Range. This is
continued porthwards across the Leerci gap. into the Ndowa Mountains, which are
outside the limit of this recéninaissance, end souihwards, through Uaraguess and the
more isolated Ngurie Hilis, to Lengishu, the southern ouipasi of this line.

These hills are formed Jmﬂ} of gaeissss of g.unitic comsosition which are wmong
the most resistant of the metamorphic rocks of {hi: Baa Systens A conspicucus
feature, especially of the Karissia Hills and the 8w is their even summit-
fevel. Thh is plainly a relic of an ancient. perhags Cretas plis,” peneplain. The same
surface is less distinctly recognizable in the Loldaika-Mukogode hills. Its present height
in the district is between 7,000 2nd 8,000 iect above sea lqv The castern sides of both
the Karissia Hiils and ihe Maithews Range are steep. : :

Between these ranges the surface has been lowered, muosty b} rosion of the less
_ fesislant melamorphosed sediments of the Basement Sysier. 1o plains at vanous lower
‘levels, such as the Ef 8arta. Sware, I Bonyeki and Middle Uase Nyiro plaies. Two
distinct_pencplained surfaces can be recopmized. showing that the uphit. of .\lmh the
erosion 1o lower base levels was a consequence, took piace in two stages. The Seva
and Usso Nyiro rivers are now cutting down- ihelr valieys towards 1 lhud much
lower base level of erosion. :

Wost of the Karissia and Loldaika Hils. but still east of the Rift Vallev. are the
extensive high lava plains of Laikipia aend Loragi, These were built up by repeated
flucds of f'*\‘\ from the Rt Valley rezion. Seme of this fave peured throush the gap
between the Karissia and Lofdaika Hills. anc some of it focded across the coantry
riorth of the Karissia Hills. Ir the exireme nosih-west of the-area. this series of lavas is
deeply incesed by 1 series of canvons znd gorges leading out into the Suge:ta vailev,
which dramns the Rift V aliey south of Lake Rudoli. :

" The southern part of the district is overshadowed by the denuded volzanic cone
of Mounr Kerva, of which, however, only the lower northein slopes come within the
~arca mapped. Some of the lavas from Mount Kenya, and more especiaily those from
the many late parasitic cones on its slopes. ran out into valleys in the Loldaika Hills -
and across the lower grouad around them.

The Jdrainaze ;;a'tﬂrn of the area has beea determined pasticn®arly by threr <.oioes.
First there are the (wd zoaes of high ground crossine the disisict from north o south.

and belween them. areas where the rocks hate the sume northesou B grain

Secondiy there are the various lava sheets, whose surfaces must orieinalh -0 e sloped
- = 1

i the direction i which thev Sowed. e‘h:u'm:, from the R -Vilic. -:son and

radialiy outwends from Mount Kenya. Coascguent streams would fallen “ise stopes.
and others wouid 1o ar the edges of the <heets. Third! ¥, e wha'e aies. Lyng as it
does on the easiern jianx of the Rift Vaiey, mas the genile till sao l'rur\ the Rift -
Alasgin, waich 13 pearly everywhers 2 ol < part ef the Reft Valley stucwre,
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FIG. 2

Physiographic sketch-map of the Maralal area and districts to the west,

CXPLANATION

Chief mountainous arcas of metamorphic
rocks, Where the Cretaceous (?) peneplain is
recognizable, its approximate height is shown
thus 7500.

Areas where the Sub-Miocene peneplain is
recognizable. Meights thus 4G00.

Areas thought to have beon reduced to the
Sub-Miocene peneplain but now cens:derably
below it,

Areas of end-Tertiary Peneplanation. Heights
thus (3250).

Fault Scarps {faults inferred).

Rift Valley-indian Ocean watershed.

Approximate eastern limit of Rift Valley
faulting.

Supposed original extent of plateau phenolites.

Suppcsed origina! eastern limit of Sm“bu u
Basalt Series.

Northern limit of the Mt. Kenya Voicanic
rocks. -

[To tace rage

.



SBUMMARY OF "l‘_l'{l-} SUCCESSTON -

Formations

Earth Movernents aned Climatie
and Hrosional Phases

Recoent

Pleistocens

Pliovevne

Miocenoe

Archiaean

At

Tasteritio jronstone (“inurmun
oY Tart. o

{Uravels in vallevs,

“L‘ Lateritie carthis,

il Linteritie enrth,

Unso Nyiro bodds (2).
Bentonitie d¢lay.

Pavnsivie cones.

Laikipian basnlts,

Trachybic tufls (Sugural), cte.
Thomson's Falls//Mt, Kenya,

Phionolites JIV eleanie Saite,

Lasiolo Phonolites,
Bommveeut i Phonolitos,
surmburt Basalt Series,
Sub-volennie sediments,

DBuagoment System,

t
Black cotton soil and “kunkar” [
)i

Cultoreal Stages and Faunas

Re-exenvation of valloya aned
eroston of red cneths,

Gamblinn Plavial Period,

dry = = - - v -

Kumasion Pluvial Period (1)

............ (Jdisturbianes)

.......... {disturbanec)
stel-tertinry  peneplination.

5

i ..... fuitstarbanee) -

4 Sub-Miocene  peneplanation.
Lo e (disturbance)

4 Cretacvons  peneplunation,

E

Levaliois.

Kenya Fauresmith,
Acheulean, .

Delnothoritin hobleyi.

5
-

MO[3Y 2QE1 Yl W1 pazuTwwN

g1 jo AIoiSy a1 U §juass Jagd A pUE ‘SYDCI JO Id_UINDIS AL

‘uoidal 2

21e

Al

s—IN

AHL A0 AMVINT

A% JHE 4G A¥01SIH TVIID0T10AD

A4




The rocks of the area fall into two groups, one, geologically very ancient, consisting
of gneisses and schists and known as the Basement System, JAhe other, comparatively
young, consisting largeiv of volanic rocks erupted during the period when the Rilt

© Valleys were being formed. The chief sieps in the evolution of the area to its present

condition are outlined below.
(1) Deposition of sediments, and volcanic eruptions, i the Archacan period

The oldest rocks, those of the Busemen: System. were faid down as a thick series
of sediments. Clays, sills, sands, and <alcarcous ogzes were deposited over a very
large area. Some layers, now graphitic, contained organic matter; the ‘deposits are,
however, much earlier than the oldest known fauna. It is supposed, from iheir enormous
known extent and from the abundance of limestones zmong thzm, that they were
formed in the sea. Basaltic lavas and tuifs were probably erupted among the sedimenits

(2) Metamorphism of the sediments end volcanic ro_cks'of the Basement Systeni

Later in the Archaean period, this series of rocks must have been involved in some
intense deformation of the crust of the earth, by which they were forced down and
deeply buried. Under the influence of pressure. heat, deformation and parlicuiarly
through the activity of alkaline fluids, the rocks were transformed from normal sedi-
ments into crystalline gneisses and schists, Clays became 2ggregates of reddish garnel.
silky bluish-white sillimanite, black scaly biotite, quartz, and white and pink felspars.
Those rocks that originally contained orgapic misterial are spangied with soft shiny
black flakes of graphite. The calcareous oozes have become coarsely granular crysialline
limestones or marbles, and the sands are now hard while or gink granulites. Many more
sediments are altered bevond recognition. The basic lavas are speckled aggregates of
greenish-black hornblende and white felspar, with, in a Jew places, crowds of roundish

. white spots that arc believed 1o represent vesicles. All these rocks are traversed by

innumerable granitic sheets, or merge inio intimate mixtures of granitic and sedimentary
or volcanic rock.. Throughout the whole comiplex there are thin seams, knobs, lenses
and dykes of pegmatite; some composed only of coarse felspar and quariz, others con-
taining also mica, garnet, beryl, iron ore and other minerals.

(3) Successive stages in the erosion of the Basement System Rocks

The uplift and erosion needed to expose the regionally metamorphosed rocks of
the Basement System at the surface probably followed closcly on their metamorphism.
In other areas -they were alréady uncovéred before some of the later pre-Cambrian
formations were laid over them. In this area, however, none of these formations occur
and only the last stages in the long cycle of uplift and ¢rosion have left any traces.
A long period of stability when the whole area was eroded down to a pensplain
presumably not far above sea level, is indicated in the even summit level of the
Karissia Hiiis and the Matthews Range. This stability probably lasted until the
Cretaceous period. The Central African region was then again warped upwards. In this
area, the uplift amounted 1o several thousand feel. Active crosion began again and con-

_tinued, during the following period of stability until once more, much of the region had
_been lowered to a peneplain, Some areas, such as the Kamssia Hills and the Matthews

Range formed of the wnost resistant rocks, were, however, scarcely lowcred below the
level of the previous peneplain during this cycle of erosion. Many other hills, standing
up from the plains as rocky inselbergs, show that the plaralion was not perfect. None
the less. vast areas of Africa were reduced lo a plain which, it is thought, was no more
than a f2w hundred leet above the sea even in the middle of the coatinent. This suiface,
the Sub-Miocene or Eurly Tertiary Peneplain, is the most important datum by which
to assess the elfects of the movements connected with the formation of the Rift Valley,

- (4) Disturbance, erosion. and lccal sédimentazion in the Miocene period

The early Tertiary peneplanation was interrapted, asl a new cycle of croston
started by earth movenients about the beginning of the Miocene peiiod. Valicys were
eroded. and then in places filled with fluviaile or lacustrine sediments. In some of them
Miccene fossils, amoeng them Deinotherimm and Mosfodon, have been found. The
deposits underlie the phonelitic lavas of Laikipia, though in one place the first phonolite

fow is interzalated within the sediments.

- e
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(5) Eruption of Plateay Lavas

The grusslands of Northern Laikipia and Lorogi are formed of a gn.at series of
lava sheets, which flooded out from the Rift Valiey Region, towards which the whole
series thickens. Two groups of lavas are distinguished, a lower onc of basalls with
associated red and purple tuffs and an upper one of phonolites. The basalt scries is not
seen on the plateau, bul only some hundreds of feet down the escarpments at its
western edge, 2t she margin of the Rift Valley, The overlying phonolites form the sur-
face of the plateau over most of the area mapped.

(6) Mount Kenya and the Aberdare Range

The plateau phonolites are covered in the south-west part of the area by other
phonolites of a different type. These dip awav from the northern Aberdare Range,
which lies south of the limit of the area. Fiflty miles cust of the Aberdares is Mount
Kenya. This toe lies mainly outside the area, and only its lower northern slopes were
examined. The lavas scen on these slopes are fissile basalts, mugearites, kenytes, and
phonolites. Of these, only the keayte is bnown 1o be younger than the plateau phono-
lites, and it is not known how much earlier the eruptions of Mount Kenya first began.

(1) The End-Tertiary Peneplanation

While, in some parls of the area, voleanic eruptions may has e continued with little
interruption, there is in the Uaso Nyiro basin clear proof that between the time of the
plateau phonolite eruptions and the latest floods of basult, a long period of stabilily
and crosion elapsed. This erosion reduced the surface of a wide area {0 a pencplain
several hundred feet below that over which the plateun phonoliies were crupted, In iis
relation to present river levels and in its general form, it corresponds to the surface that
is Known in western Kenya and elsewhere as the End-Tertiary Peneplain.

(8) The Lower Pleistocene Busalt eruptions

The End-Tertiary Peneplain is partly covered, along the south side of the Uaso
Nyiro, by flows of olivine-basalt. The basalis can be traced to dunuded vents in the
south-castern part of the area. The lavas flowed into vaileys in the Loldaika Hills and
the Mukogodo country, over on to the plains below, as well as around the eastern side
of the hilty country (beyond the eastern limit of the map). Other similar basults were
erupted from various vents on the northern flank of the Aberdares. Sirrimma Hili is
the most conspicuous of these. All these basaits are believed to belong to a single
eruptive cycle, which rell largely if not wholly within the Lower Pleistocene Period.

{9) Middle and Upper Pleisiocene ervsion and deposition

Spread over large parts of the area are yellowish, brown and red carthy deposits,
mestly unconsolidaied. These earths have been formed by the decay of the solid rocks,
and the redistribution of the disintezrated products by hillwash and wind. Layers of
- lateritic ironsione are due to lesching and redeposition of ferric hydroxides. The age of
some of these superrnicial deposits is known from human artefacts which have been
found in them. The most primitive are larze handaxes of the Acheulean culture. In
many places, in the southern part of the district, a slightly yourzer culture, the Kenya
Fauresiith or Nanyukian, has been recognized in the lowest of the superficial deposits.
Other still younger cultures, Levallosseuan and Neolithie, are widespread.

In some of the vaileys. there are guite thick Jeposits of taff and gravel. They often
contain Levaliois type artefacts and largely belong 1o the (.-ambluu p’uml period.
(U pper Pleistocene.)



The rocks now 1o be deseribed are gaeisses.

Busement Complex.
only the metamorphose i
(1913, p. 53% as the Furoka Seres,
especially biotile gneisses, ol which the

— - —— e O VST
4 vy ALy Ot L GroLOGY (0 THE BASEMENT SYSTRM

(1) Nomencliture and Genceral Tnterpretation

granubites and selitsls belon
been used 10 Renya 1 cosersd oo
sary apo Dy Parkimson
rocks,

¢ne to thye

as that term has previoushy
ed sediments which were separated muiny s oafh a8 Hy B
bt also the far greater ussodnded nuiss of &
origin, whether sedimentary. Hugimalitie. Vi

ignecus, remuined undetermined. Recently, Stockley (1943, p. 1611 has proposed the
term Basement System for ail these rocks. For the <uke of uniformity, it i adopted here.

Nearly all the rocks are regionally metamorphosed to a high degree. besides being
gneissose and soaked by giaaitizing fluids. Under these conditions. discrimination of
the igneous, mignutitic and sedimentary components of the complex iy difficult, the
more $0 since maodern work has shown that rocks ol typicully igneous aspect can be
produced without having reached the condition of magma. In this purzcular ure, rocks
such as crystulline limestone, graphitic gneiss and silhmamte gneiss are widespread and
are undoubtedly of sedimentary origin. Some ol them <an be followed many miles
across the country as shown on the map, Others are smaller and pieces of cale-silicate
granulite the size of a hen’s egg have been seen enclosed 1n biotite gneiss. The oulerops
of these sedimentary rocks are thus demonstrably discontinuous. The foliation in the
sediments 1s parallel to the planes of lithelogical discontinuity and generally almost, if
not exactly, coincides with the original stratification. This foliation, when mapped ACross
the country, is found to fall into a single homogeneous pattern, similar 10 that of a
continuous sedimentary structure. The gneisses which Form s it were, « matrix for the
obvious sediments are quartz-felspar granulites, biolite gneisses and  hornblendic
gneisses, Biotite gneisses predominate. In this complex. the loliation is sull regular, as if
the rocks were bedded sediments. None the less, it scems impossible to regard these
rocks simply as metamorphosed arkoses, or felspathic sandstones. The occasional occur-
rence of knobby inclusions of calc-silicate granulite in the middle of the biotite
gneisses, the general discontinuous patchy disposition of the undoubted sediments, and
the gradual passage, along the strike, from metamorphosed sediments into biotite
gneisses, have to be explained. It is inferred that many of the granulites and gneisses
must have arisen as a result of profound alterations in the composition of the sediments
they - replace. 1t is not, however, believed that they were igneous. They can be dis-
linguished from a series of sheets of granitoid gneiss, which stand out as inseibergs
and ridges. In these shects, the foliation is not usually parallel, but has instead a
characteristic waviness (se¢ Fig. 4). Elsewhere it is contorted. Ienticular dark streaks
and' lenses, some sharply and others vaguely defined, can often be seen. Under the
microscope, slides of these rocks not uncommonly show a few felspar crysials with
straight crystal faces. In a few pluces the shects were seen to fork and transgress at a
low angle. For these reasons they are believed 1o huve been at least partly, and in many
casces wholly, magmatic.

Lastly there are some banded hornblendic gneisses in which the characteristic
feature is an intense and irregular contortion. The strike of the contortions is catirely
unsystematic and unrcluted to the general (ectonic pattern. These rocks are interpreted
as migmatites that were formed by intimale injection of magma inte a crvstaliine host,
to form a composite rock which wus then distorted by something approaching viscous
flow,

Thus, the general interpretation of the metamorphic rocks of this area is that there
is an underlying fabric derived from a series of folded sediments, but that over large
areas the composition of the original sediments has been obliterated by mineralogical
changes, particularly fclspathization, without destroying the continuity of the fabric,
which is still shown by the homoyencous structural pattern, Throughout this series there
are sheets of granitoid gneiss that are regarded as magmatic,

in constructing the map from reconnaissance (raverses, it has been impossible to do
more than give o provisional representation of the geology of these rocks. In particular
it should be realized that those separated as definitely sedimentary are not necessarily
any less altered from their original composition than others, such as those derived from
impure sandstones, which, being more difficilt to tecognize with certainty, were seldom
differentiated.

(2) Classification, Occurrence and Petrography of the Rocks
For description, the rocks may be classificd into the following groups:—
Sedimentary—

Crystalline limestone !(. S
Calg-silicate granulite \ alcarcous

i
Lo
I



Stllimanite gneiss ;
Ciraphitic gneciss
Garnetiferous paragneiss
Garnetiferous para-granulite
Flagey biotite-rich gneiss and granulite 1Semi-pelitic)
Psammitic biotile gneiss g
Quartz-felspar para-granuiite l
Qi erlzite ~ Psammitic
Banded nwnstone ]
_ Spessartite graouhite

Voleanic—
Metu-umvedaleid
Plagiocluse-amphibolite (pert?
Bunded homblendic gneiss (part

Migmatitic -
Hornblendic gnaiss
iotite 2ness
Quarte-felspae granulite

Magmatic -
Grunitond gnciss }
Garnctiferous ortho-granuite -+ Acid
Muta-gual s porphyry
Biotite fobiated dyvke rocks

- Peldite

R

Meta-dolerite » Basic
Meta-gabbro J
Amphibolite ) }

Tale rock U s
Pernidoute

Sundry other rocks, among them plagiochise-amphitolites and relited purern
and epidote-bearing rocks, are discussed afterwards.

Metamaorphosed Calcareous Sediments

Two kinds of metamorphic rocks have been Tormed from calcarcots sedinuets
They are: (o) Crystalline limestone: () Cale-silicate granulite.

(«) Crystaliine Limestone. <Crystalline limestone or marbic has been fannd in i
pinces throughout the area and especially towards the narth, Some bunds are sever sl
hundred feet thick and can be followed for miles across country, The ash-white outerop:
are usually visible from far away. The hills which they form are called Qloborsol, the
White Hills, by the Samburu, One persistent zone runs for a long distance neurly
purallel with the river Seya. It is said to continue much Turther north beyond the i
of the country mapped. Another series of bands, or the same onc. ¢rosses the Uise
Nyiro near the fower end of the gorge, and can be followed southwards for -ome
25 miles, Bands elsewhere are less persistent, although by more thorough mapping. thei
known extent would no doubt be increased.

The limestones frequently gverlie.a band of graphitic schist or gneiss, and them:
selves often contain scattered flakes of graphite, Other graphitic bands sometimes out-
crop above a limestone, Banded garneliferous granulites are also associated with the
limiestones and thin bands of quartzite were seen near them at several places The
general similiarity of the succession al many dilferent places strongly sugpests thun the
same sel of rocks is repeated by folding or fuulting, but there are probably also severat
limestone bands at ditferent horizons, which cunnot vet be distinguistied.

-

In auterops the crystalline limestones appear o consist almost entirely of carboniies
tchiefly caleite), Layers of dark minerals are seldom noticeable, The colour varies o
white 1o grey or bluish-grey. Banding is distinet, and in places contorted, Shdes show
caleite and dolomite in coarse sutured nggregates, associnted with subordinute silicites
In some the silicate is tremolite, and in others forsterite. with pale serpentine deiisod
from it.
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i) Cale-silicate Granulites —These rocks do nel occur assoviated with the marbles,
but in small separate masses within some of the gneisses. The fargest of those scen was
only about 20 feet in length and the smailcst about an inch.

The commonest and most conspicuous type is heavy and dark with patches of
resinous dull pink garnet and dark pyroxenc as the chief visible components. In
scetions the essenfinl constituents are found to be garnct. basic plagiockase and
diopside. The garnet has a characteristic salmon pink colour quite unkike the pink of the
ardinary almandine garnets of the pelilic gneisses. 1t has an extraordinary spongy habil,*
and is always intergrown with plagioclase, diopside or other minerials. It is isotropic
and untwinned.

The felspar is usually bytownite with a composition ncar Ab,  An. . though in
one specimen (367 145)1 it is about Ab,, An . Tt is clear and unaltered, and usually
shows albite and pericline twinning. Zoning is rarely seen and then only faintly.

Sevcral varicties of pyroxene were Tound. The commenest is pale emerald-green.
with weak pleochroism and distinct dispersion. Different extinction angles  were
measured in different slides, but the average value. ZAc. Is probably abeul 47 It
.cems to be a diopside related to omphacite, and has poeciloblustic habit. In one slice
(3555 the pyroxenc is aegirine in smali grains associated with Pyviownite, the usual
garnet, a little quartz, apatite and ore. In another slide (35711 these is a ferriferous
augitc with a high extinction ange. and pleochroism:  X——jale green: Y —pink:
Z --pale green. Slide (35/35) contains hypersthene and a pale green diopside. in about
equiti amounts. In 8 fow slides there is no pyroxene.

Horublende, when it oucurs, is greenish-brown in colour. Same 1f not all of it
has formed from pyroxenc. Epidote is quite common. i seme of the rocks it 18
coarsely granular, in others it is only seen in resclion bordess betwesn pyroaence amd
plagiockise. Other minerals noted are apatite. sphene {churacteristivaiiy pleochroic from
pale brown to pinkishy, graphile {36 1200, black ore, reddish-brown biotite, quartz,
micrecline, zoisite, and calcite (36/ 1581

One unusual rock (35:35) is greenish-black, hornblendic und pyronenic, with
seatiered bright pink garnets, and long white crystals radialing in sandom directions.
Sorve of these crystals are 2 cm. long and 2 to 3 mm. in diameter. Their ¢ross sections
are either square or rhombic. In the slides they are seen 1o be pseudomorphs, made of
oranular bylownite, enclosing small grains of hornblende, cspecialiy near their edges.
The pseudomorphs may represent scapolite crystals. The rest of the rock conststs of
diopsicde, hypersthene, bytownite, garnet and hernblende, with a hitle ore and apatte.

The cale-silicate granulites have the habit of xenoliths, not ol cuntinuous bands.
Severa! were clearly scen to be enclosed in homogeneous biotite gneiss. Their conlicls
are sharp and their shapes arc irregular 2ad lumpy. ttis therefore clear that they are
relics that have survived dissolution. Their mineral composition is attribuled to
veaction belween limestone and granitizing fluids, and not 1o the impurity of the
original limestones.

These granuliles are sometimes found among hornblendic gnenses and rocks
identuied in the field as plagioclase amphibolites. In a few cases they appeared o merge
into such rocks. It may be that some of the hornblendic rocks represent another
stage in the migmatization of calcarcous sediments.

Metamorphosed Pelitic Sedinmenis

Rocks supposed to be derived from argillaceous sediments inchude ; —-
{a) Sillimanite gnciss.
(/) Graphitic gneiss.
(¢} Garnetiferous paragneiss.
(Y Garnetiferous para-granulile,
() Sillimanite gneiss—Sillimanite is one of the charucleristic minerals of the
metamorphic rocks of the arca. It occurs sometimes most unexpectediy i the middle

* A typical example of garoet with this babil was figured by Prior (092 plo ¥V, fig 1),
probably from a calc-silicate granulite,
+ Numbers in brackets reler to specimens in the Mining and Graological Department, Nairobi.
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of an apparently uniform scries of biotite gneisses, but usually among rocks obviously
derived from sediments. Some of the places where it was seen in the field hiave been
marked on the map. Many of these occurrences have been confirmed microscopicaliy,
but usually this is unnecessary as the sillimanite is abundanl and coarscly crystallized
and can be scen even without breaking the rock. Single crystals arc seidom visible, but
"he prisms are matted into-silky bluish-white sheafs that lie parallel on the folistion
surfaces and caich the eve,

The sillimanite occurs abundantly in several different kinds of rock. All are
believed from their bedded appearance and assoctation with other paragneisses 1o
be derived from sediments, presumably argillaccous. The chief sillimanite-bearing
rocks are:—

(D) Sillimanite-garnet-biotite gneiss.
(2) Sitlimanitic guartz-felspar granulite,
(3) Biotite gneiss with quartz-sitlimanite faserkiesel,

Il is thought that the first of these is the least altered from its original composi-
tion.

The sillimanite-garnct-biotite gneisses are thinly foliated dark  biotitic  rocks,
sprinkled with pink garnets, and flecked with paraliel sheafs of sillimanite. The sheals
are 1 an. or so long and lie flat on the foliation with their axes parallet to the
lincation. Th. quartzo-felspathic folia are thin and often wrinkled or wuvy.

The few examples sliced (28716, 35/21, and 28/ 1) consist of sillimuanite. garnet,
guartz, felspars, and biotite. The biotite is a reddish-brown kind, In one slide (35 21y
most of the felwpar is acid plagioclase, in another (28716) mostly microcline.

There is a hitle green hercynite spinel in onc rock (35/21), and lakes of praphiic
in another (28 101

The sillimanite-guartz-felspar  granulites are characteristically  pink  or muuse-
tinted in outcrops. They resist erosion and tend to form upstanding ribs. One or two
bands arc remarkably persisient and, aithough only twenty feet or so thick, hase
been traced for many miles.

In sections these rocks have less felspar and more quartz than would be thought
from their ficld appearance. The quartz forms a sutured mosaic in which the mits of

| sillimanite needies are enclosed. Alkali felspar, either untwinned or with microchne
! “cross-hatching”. is subordinate and never encloses sillimunite. Iron-ore, hiotite. rutile,
’ epidote and zircon were noticed as occasional scarce accessories.

The bivtite-preisses  with faserkiesel are uncommon, bul conspichaons,  The
Jaserkiesel are ovoid or ellipsoidal quartz-sillimanite bodies, up to 15 cm. in length,
‘Their transverse diameter is aboutl a fifth of their length. These curious bodies he,
with their tong axis parallel to the lineation, scattered throughout the rock. Only small
isolated exposures were seen. One was near where a band of sillimuanitic quartz-felspar
granulite was lost among granitoid biotite goeisses, and it is suspected that they repre-
sent the last visible stage in the dissolution of the sillimanitic rocks in migmatitic
gneiss, '

A mass of nearly pure sillimanite roek was scen near the Losigirechi watercourse,
on the wall of a shallow gorge. This mass, which was not actually reached, wis seen
to be several yurds thick and lenticular. It occurs, apparcitly as a segregalion. in
sillimanitic quartz-felspar granulite, A fallen block, weighing several tons, was extremeiy
tough and homogencous, A section showed that it consists almost wholty of sillimanite,
with a little quarte.

(b)Y Graphitic Gneiss.—Graphitic gneisses have been found in many places umder-
tying the crystalline limestones, in a few places overlying them, and seldom clsewhere.
No clear sections were seen, but the thickness of the bands is probably no more than
twenty feet or so. The graphite flakes are sprinkled in a guartz-felspar matrix, and arc
ordinarily 1-2 mm. in diameter, Coarser flakes were scen only in smull veins, sometimes
with quartz. The rocks are soft and often outcrop in walercourses or strike hollows,
Although the graphite might have been derived from carbonates during metamorphism,
it is thought more probable that it represents original carbonaccous orginic material
imprisoned in the argillaceous sediment.
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(¢) Garnetiferous puragneisses.—The garnctiferous paragncisscs are grey gneisses
_rich in biotite. The garnets are poorly crystallized and up to | em. in diameter. Very
often the foliation is wavy or wrinkled and there are small lenticular quartzose scgre-

. gations throughout the rock. Such rocks were cvidently shales.

Thin sections show the essential minerals o be biotite, garnet, guartz, plagioclase
and microcline. The texture is crystalloblastic. The fakes of biotite are aligned and
concentrated in folin: they are splayed oui against the garnels. In some rocks their
colour is reddish brown, in others a duller brown with pleochroism frem straw or raw
sienna brown to nearly black. The garnets arc riddled with quartz blebs and enclose
scraps ol biotite.

The composition of the plagioclase ranges. in the slides examined, from acid
andesine (Ab,, An,,) to albite, but 18 typreally basic oligocluse. Microcline is nearly
always present, although scanty in seme rocks. Somic slides show microperthitic inter-
growths,

Other minerals occasionally seen include hornblende and muscovite. Green spine!
was found in one slide (28/4). Small ovoud apalites. grains ol ore, and minute zircons
are the usual accessories.

A lypical rock of this group was estimated o have the following composilion by
volume : —

Per cemt
Biotite . .. . .. s &% 5 15
Quartz 5 i o % 3 P s 30
Plagioclase - .. - .. . . 25
Microcline ‘. .. i 5 g3 T 20
Garnet o £ 0w i i it - 10

td) Garnetiferous para-granulites.—Cametiferous acid para-granulites are highly
characteristic of this area. They are coarse whitish quarizo-felsputhic rocks sprinkled
with garnets. Bedding is strongly suggested by concenlration of garpnets in bands. and
by regular coarse slabby jointing. These rocks occur especially in 4 zone which was
mapped for about 60 miles along the strike, from the Barsaloi River in the north,
southwards across the Uaso Nyiro. They are associated with limestones and other
sedimentary types. This and their regular stratified appearance leaves no doubt of their
sedimentary origin. Other rocks with essentially the same appearance, except for the
absence of the regular stratification, were however found as transgressive sheets.

In slides the texture is seen lo be slightly gneissose; the quariz is segregated in
folia, or forms clongated grains. Plagioclase is the chief felspar. It is albite in some
slides. oligoclase in others. Microcline is usually seen 1oo, either as small replacive
pietehes, in microperthitic intergrowths, or as separate minutely twinned grains.
Biotite is scarce or lacking. Apalite, zircon, rutile, ore, muscovile and sericite were
noted in some or other of the slides.

The volume composition of a typical example of these rocks (28/17) was estimaied
as;—

Per cent
Albite i s 3 G 25 = i 60
Quartz i i 2 - e v - 25
Microcline . . .. i ia S 8
Garnet i i o 5
5

Ore, apatite, elc. " . . o

Such a composition does not suggest derivation from a shale; nor would the regular

stratification be expected if this were their origin, They are homogencous and continue

apparently unchanged up lo their contacts with erystalline limestones, so that a
migmatitic origin is difficult to accepr. Their mode of origin is left unsettled.

Semipelitic gneisses 'ulmf granudites
Some flaggy grey biotite-rich granulites and gneisses, which lack visible garnet or

sillimanite, but have more biotite than the psammitic granulites, arc thought to be
derived from semipelitic sediments. They are moslfy rather fine-grained. They are
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found among other rocks of sedimentary origin. Since no large or continuous oeccur-
rences were found, they have not been coloured separately on the map, but are 1 some
places included under the symbo] f, and elsewhere in the pelitic gneisses.

In slice, a typical semipelitic granulite (27/73) was seen lo consist of well-aligned
biotite flakes with a slightly reddish brown colour and about 0.1--0.2 mm. long. in a
granulose matrix of quartz, microcline and acid plagioclase (Ab,, An ). Proportions
of the minerals vary greatly [rom band to band; the average composition was estimated
to be about 30 per cent guartz, 30 per cent plagioclase, 25 per cent microcline and
10 per cent biotite. Another rock (28/21) is more gneissose, and has the following
(estimated) composition by volume: —

Per cent
Quariz .. .. .- . .- .. .. 43
Acid olipoclase .. .. . .- .. 10
Microcline .. .. .. .- ‘e .. 7
5

Biotite
There is also some ore, apalite, a little secondary calcite, and some mirmekne A hid'e
of the plagioclase has grown in ili-formed porphyroblasts. Compared with the presiously
noticed rock, this one has probably been more aillered by granitizing flusds.
Psammilic granulites and gneisses
Metamorphosed sandsiones are the most difficult of the sedimentary focks 10

. recognize. since they differ least {rom the granitoid gneisses. Pure gquartzites are

exceptional, and most of the rocks supposed-to have been sandstones are yuarizo-
felspatine granulites, or flaggy biotite gneisse~. The only way n which they can usually
be distinguished from granitoid and migmatitic gneisses is by their even, parallel
foliation and this is not conclusive evidence since some gneisscs conlaining xenoliths
and schiieren have a similar even foliation. Only the rocks of which the psammitic
origin is reasonably certain are mapped as such. The largest mass of such rocks seen

was on the eastern side of the Matthews Range.

A —

The three types distinguished are:—
{(n) Psammitic biotite gneiss.
(b) Quarniz-felspar para-granulite.
() Quartzite.

(a) Psanumitic biotite gneiss (included under symbol [ on the mapsy—These are
biotile gneisses with a strong flaggy or slabby parting. The biotite flakes are small,
not very abundant, and parallel.

Two rocks (27/34 and 27/44) from north of the Karissia Hills are typical. Both

consist of a clean granular mosaic ol quartz, acid plagioclase (Ab,, An, in one,
Ab,, An, in the other) and microcline, with aligned flakes of biotite. The biotite is

| pleochroic from brownish-black to pale greenish-brown. The ore, which is strongly

. magnetic, and associated with coronal sphene, is probably titanomagnetite. It is notable
that the microcline, untwinned in one rock and faintly twinned in the other, is in
sitnply-shaped grains like the quartz and piagioclase. This habit is different from that

" seen in the granitoid gneisses.

The estimated volumetric composition of one sﬁecimen (27/43) is:—

Per cent
Quartz . .. . .. . . . 45
Albite .. .. .. .. .. . - 25
: Microcline .. - .. .- - ‘e 27
f Biotite . .. .. .. . .. .- |

I {b) Quariz felspar para-granulites—Rocks which consist almost whelly of quartz
{and felspars, and which have parallel partings suggestive of bedding are assumed to be
" derived from sandstones. The spacing of the stratiform parlings is not reguiur but
- varies, as in a series of bedded sediments. Most of these rocks are pink. at least in the
. weathered outcrops. A few were found to be white, inside a superficial oxidized crust

a few inches thick, Rarely they are white and sugary and then have the appearance



of a quartzite. All, however, are actually highly felspathic, Dark minerals, which - :

are commonly black magnetic ore, or very scanty biotite, are altogether subordinate.
Specks of pyrite are not uncommon. In soms rocks, flakes of muscovite lie on the
stratiform partings.

Such rocks outcrop quite extensively on the eastern flank of the Matthews Range.
Sections of typical specimens (28]25, 28/26, 28/27) show that they consist essentially
of quartz, microcline and acid plagioclase. Of these, microcline, which forms large
clear grains, takes up the largest volume. In one of the rocks il was estimated to be
about 40 per cent of the whole.

The microcline has at Jeast partly replaced plagioclase, which not only shows
irregularly corroded outlines against microcline, but also faint alkali-edging, and some
ingrowth of myrmekite. The plagioclase was deiermined in two of the specimens as
albite, Ab,,, An,, in the other as acid oligoclase. The quartz forms large and irregular
fobed grains, and smaller round ones enclosed in the felspars. Other minerals noted
in one or other of the slides were: biotite, pleochroic from dark slightly reddish brown
to pale brown (in only one rock); a cracked and rounded crystal of yellowish
zircon; an irregular patch of pyrite; black ore; rutile? (a granular aggregate); sericite
and hematite,

Many other rocks studied are siinilar, both in texture and in the proportions of
the minerals. Felspars are in nearly cvery case in excess of quartz. In several of the
rocks there ars microperthitic intergrowths of microcline and plagioclase. A few slides
show aligned flakes of muscovite. Blue anatase. rutile, apatite and sphene (pleochroie
from brown to greenish) were recorded as rare accessories. Myrmekite, noted above,
is exceptional.

(¢} Quartzite—True quartzites are exceplicnal in the area, They occur as thin
beds associated particularly with the marbles and graphitic schists as, for instance, a few
miles south of Wamba on the western flank of Uaraguess mountain. The rocks are
white or greyish, and translucent. Slides show a rather coarse sutured quartz mosaic,
In one there are flakes of graphite, in another scarce and small shreds of biotite and
muscovite, besides a little gothite. The most interesting fact aboul these rocks is their
rarity. It is unlikely that comparatively pure quartz sandstones were originally so un-
common among all these sediments, and it seems more plausible to suppose that most of
those that originally existed have been felspathized.

Banded Ironstone

A striped siliceous and ferruginous rock found at one place, suggests a comparison
with the banded ironstones in the MNyanzian System of western Kenya. The siliceous
bands are cherty and the ferruginous ones black, weathering reddish, The bed is only
a few feet thick and was noticed at two points, about halfl a mile apart, on the same
line of sirike. The surrousding rocks are acid gneisses, which have no obvious sedi-
mentary features and were mapped as granitoid gneisses,

The slide made of the rock tends to confirm the view ihat it was originally a banded
colloidal deposit like the banded ironstones of the Nyanzian System, with which it was
compared in the field, It consists of a fine-grained mosaic of guartz grains 0.05 mm.
and less in diameter, with delicate sinuously parallel streaks and films of black dust,
which is prebably magnetite. These opaque folia swerve apart, and pass round knotty
porphyroblasts of albite. One small porphyroblast of microcline was seen, and a sub-
hedral crystal of grey sphene. '

It was noticed that the quartz grains, which are somewhat elongated paral!el to
the foliation, have in a majority of cases their c-axes pearly parallel to the f{oliation.

Although the magnetite folia are on the whole parallel, some divide into gently
diverging streaks or run into irregular patches, which are clearly replacive.

The fineness of grain of the quartz is taken to show thal it has crystallized from
an even finer-grained or colloidial siliceous material.  The oligoclase porphyroblasts,

and the preferred orientation of the quartz, prove that the rock is pre-metamorphismy,

i and not a subsequently introduced sheet or vein.
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Spessartite-Granuldite

Several loose blocks were seen of siliceous granulite with bands of fine-grained |

spessartite garnet. The garnet bands weather black, and are sharply defined. In one
of the specimens, from the Karissia Hills, the bands are intricately contorted on a |-
small scale. Similar rotks have been found elsewhere in the Basement System of Kenya, . ¢
but their relationships have not been worked out. One specimen from the Lellembe i

Hills near Kajiado, was collected from below massive quartzite, in a sedimentary com- .
plex. It is probable that such spessartite rocks represent manganiferous sediments.
Metamorphic rocks of Volcanic origin
Three kinds of rock are identified, with some hesitation, as of volcanic origin.

They are:—

(@) Meta-amygdaloid (?);

(b} Plagioclase amphibolite (part);

(¢) Striped hornblendic rocks.

The first two of these are perhaps lavas and the last, tuffs: The supposed meta-
amyedatoids are hornblendic rocks crowded with ovoid greyish-white spots. The long
axes of the ovoids are parallel to the linear fabric of the enclosing rock, and their
intermediate axes lie approximately in (he plane of the rough folintion. Dimensions
vary; the estimated average values for the three axes were 20, 6. and 4 mm. in one
rock (36/83). A few of the bodies are indistinctly rhombic in cross-section. In a
slide. the spols were seen to consist of ragged interlocked andesine crystuls, and a
little ilmenite, associated with sphene. Around the spots are hornblende blades, with
pleochroism; X—pale yellowish-brown: Y-—greenish-brown; Z--~dark green. The rest
of the rock is a granular aggregate of weakly pleochroic green diopside. plagioclase,
a little quartz, sphenc and ilmenite.  Apatite is accessory. Another roek sliced (35/70)
consists largely of hornblende. labradorite {Ab,, An.), thin flakes ol biotite, and
accessory apatile and ore, The spots are filled with a mosaic, finer-grained than the
matrix, of plagioclase,

These rocks have only been found in a few places, where they seem to form bands.
only a few feet thick among the ordinary hornblendic rocks (plagioclase-amphibolites).
The most plausible theory of their origin is that they represent the vesicular parts of
basic lava flows, :

If the spotted rocks are meta-amygdaloids, the associated plagioctase-amphibolites
are evidently also volcanic, OCther plagioclase-amphibolites, occurring among  acid
and migmatitic gneisses, are supposed to be volcanic because they are homogencous,
unbanded and although in places forming masses hundreds of fect thick, are much
finer-grained than, for example, the meta-gabbros of the northern part of the area. In
the ficld their igneous characier was not doubted. The best section seen was in a
watercourse known as Lendebess. None of these rocks were sliced.

The siriped hornblendic rocks are uncommon. The best exposures seen were by
the Uaso Nyiro near the mouth of the Ngaremat walercourse. The distinctive feature
is the delicacy and evenness of the banding. The dark bands are hornblendic, the
lighter green ones rich in diopside, There is little gradation from one band to another.
Some lighter bands are distinctly coarser in the middle, although they are usually only
a few millimeters thick. The bands, although apparently so regular, are in fact not
strictly parallel. Pale streaks can somctimes be seen to cross the dark ones at a low
angle.

In the slide of a typical example (36/95) the chief minerals arc pale green pyroxene,
green hornblende, and plagioclase. ‘The hornblende and pyroxene form simply shaped
grains, elongated parallel to the other foliation. The plagioclase is a basic andesine.
Other minerals are sphene, apalite, calcite and clinozoisite. Nothing in the slide
suggests migmatization. The dark and light stripes differ only in the proportions of
hornblende and diopside, and of both to plagiociase.

The striped rocks are associated, in the Ngaremal watercourse, with plagioclase-
amphibolites and other hornblendic gneisses, but apparently not with metamorphosed
sediments. The delicate. striping suggests sedimentation and the association with horn-
blendic rocks, but not with recognized sedimentary gneisses, is in {uvour of derivation

e

e

S —



e e e e R AR e M e o i o e 11 SR

A AT T R S 15

T S

= = e

14

! from basic 1T rather thun an impure calcarcous sediment such as marl. The distine-,

. - e P % - ik
tion from banded hornblendic rocks of migmatilic origin v not so definite that-a
migmatitic origin can be excluded.

Mivmuaiitic Rocks

Muany of the recks already described have undoubtedly had therr comiposiions ®

changed by reactions with fluids which permeuated them. This pormcatien dwd not
lead to the formation of magma, and the rocks, although changed. remained homo-

e A R s

geneous, Certain other rocks, especiatly the plagioclase-amphibobies supposed - have

been formed from basic soleanic rocks, often enter into complex banded gneisses  In
these, the hornblendie host 18 traversed by innumerable parallel or obliquely anasio-
mosing fiims and sheets of acid granulitic gneiss. The contacts of the acid and horn-
blendic components are usually transitional but sometimes sharp. [t appears that the
sund bands resulted from the injection of magmatic matenial into the basic host.
Infricate contortions which huve no evident relation 1o the regional tectonic pattern,
ure charucterintic {see Fig. 3)

FI1G. 3

Striiciures in Migmatitic Gneisses

a. Irreguiarly  contorted  horn-
blendic band in magnetite-bear-
ing acid gneiss. Oporoi, Karissia
Hills.

o b, Pegmauuc veins (P) in horn-
blendic migmatite. Section on
verlical face. One mile W.N.W,
of Tupa.

TSR

c c. Pink granitic bands in intensely
folded biotinne migmalitic gneiss.
Section on small vertical rock
face, us seen looking NNNW, In
) gorge about 14 mles N. of

_ ' [Losiolo.
/ 4 i

s 7 . Section on vertical rock face, as
( /:/) <_—.—=r____"f'j‘,/ d. seen looking NNE. The folds
PR -

trend NU 28 E. Barsaloi River,
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These contorted rochs strike irregularly in all directions. The bands swell and thin
in a manner suggesting viscous rather than plastic flow. Such rocks are fegsrded as
migmatites. Where the ho'nblendic bands lose their continuity and become schifteren.
the rocks pass into hornblendic orthogneisses.

A series of specimens from the Seya River near the drift on the Wamba-Buisoloi
road, illustrates the features of these rocks. The hornblendic host (27/92) consisis of
aligned blades of hornblende, and a granular mosaic of clear untwinned plagioclase,
subordinate quartz and some epidote. The hornblende has pleochroism: X-—-siraw:
Y-—deep green; Z—deep blue-green: ZAC about 164°. The plagioclase is uandesine,
about Ab_, An... The rock is faintly banded. and a weak loliation 1> scen in the
slide. A shide of the banded migmalite (27 93) shows acid and hornblendic bands
together. The hornblendic band is texturally similar to the host rock just described.
Some of the hornblendes have peripheral grains and patches of epidote. The plagio-
clase is an oligoclase, about Ab,, An,,, with lamellar twinning. The acid band 15 a
granoblastic mosaic of quartz and clear plagioclase with a few blades of hornbiende and
clongated grains of sphene. Quartz is less abundant than plagioclase and tends w be
segregated in folia. The plagioclase, in which quartz drops are enclosed. is olizoclase,
about Ab.. An,., and not appreciably different [rom that i the hornblendic bands. but
more acid than in<fhe morc homogeneous host rock. The more acid part of the
migmatite is a regularly foliated grey and white rock, in which some of the foliv are
horab'endic. In section it is seen to consist of small blades and shreds of hornblende, the
same colour as in the other two slides, in a granulose quartz-pla zioclase matrix. The
plagioclase, which contains small quartz drops, is oligoclase, about Ab,, An, . A ltle
vermicular epidote, irregular grains of sphene and a little ore arc associated with the
hornblende. The hornblende blades are sirung out in ill-defined folia.

Another series represents a hornblendic host rock, a rib of g anitoid gneiss and
a hornblendic migmalite from between the two. The granitoid gneiss (36/13) 15 a
pink and grey rock with about 5 per cent biotite, no hernblende, some 3 per cent
microcline. about the same amount of quartz and slightly more  oligoclase.
Accessories are zircon, ore and apatite. The migmatitic gneiss (36/135) consists largely
ol oligoclase (Ab., An,)), with subordinate quariz, a little microcline, some biotite
and hornblende. The basic host (36/138) is also mesily plagioclase, about Ab . An,..
with about 20 per cent of hornblende. Biotite and quariz are scarce. A small lens of
biotite-amphibolite was found enclosed in this rock.

Such series show that the acid component of these rocks is by no mecans an
ordinary granitoid gneiss. [t has often litile or no microcline and the plagioclase is a
basic oligoclase, nor does ils texlure suggest crystallization [rom magma.

Many other rocks are doubtless also migmatitic, bul owing perhaps 1o the
structural properties of their host rocks their nature is less obvious. Many bivtite
gneisses, and some quartzo-felspathic granulites, are of this kind.

Metamorphosed Iutrusive Rocks

(@) Granitoid Greiss-—The granitoid gneisses are massive, usually pink, and out-
crop conspicuously as tors, bald crags, and inselbergs. In the low country thev are
often the only rocks exposed, so that one (ends to think that they underlie large arcus.
The inscibergs on which they outcrop are, however, usually aligned paralicl to the
strike, and have only a backbone of granitoid gneiss. The rocks on reither side are
often uncxposed, but can in some places be seen lo be flapgy biotite gneisses. Thin
sheets, only 20 or 30 feet in width, form conspicuous rock ribs, same ol which are
continuous for several miles. The inselbergs are probably developed where the sheets
are thickest, or where the gneisses have a larger proportion of microcline. The aciual
contacts of some of the thinner bands are distinct, and in bare stream section they can
be located within a {oot or two. There is a rapid transition through banded gneiss, bt
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FIG. 4
Wavy Foliaion in qcid orthogricisy
The lenticular band (G) is slightly coarser-grained than the surrounding gneiss,
Vertical section. Near the Timau-Isiolo road, about one mile W. of the Ngare Ndare,

Faec
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The foliavon in these gneisses has very often a characleristic wiviness face
Fig. ). or it may be contorted. A few of the rocks are unfoliated. Dark schiiercs. either
biotitic or hornblendic, arc common. In a few cases definite intrusive contacts were
seen. The best examples noticed were at the eastern side of the large mass of zranitoid
gneiss through which the Suviyan has cul a gorge (1° North, 377 East). Here in the
sides of the gorge, large masses of evenly foliated biotitic gneisses, e identh alicred
sediments, are cut off abruptly without refation to the strike. at contacts with granitoid
gneiss which was intruded into them. The relationships are comparable to those at
many granite contacls in non-metamorphic terrains. but the intrusive rock is apparently
the same as the ordinary granitoid gneisses. Another significant contact was stedied on
the side of a hill of crystalline limestone al 07 31° North, 36" 29 Fasl. The intrusive
rock is o pink granulite, with weak gneissose foliation, which encloses large blocks of
crystalhne limestone similar to that on top of the hill. but slightly coarser. The con-
lacts are sharp and the intrusive pink granulite does not show any sign of contumina-
tion, even close 1o the limestone xenoliths, so Tar as could be seen in the field. lizegular
tongues of the granulite run into the limestones at the sume place.

In another place south-cast of Olloromade .Hill iLendili). one of the thin ribs of
grunitoid gneiss forks and the two branches diverge at a low angle. Agam, at Murubusi
Trigonometrical Point. a ridge of granitoid gneiss curves obliguely across (he general
strike, IFrom these and other observations it is apparent that the granitoid BRChSSs are
intrusive.

» That they attained a semi-magmatic condition is suggested by the wavy foliation
and contortion, and also by the fact that unlike most of the metamorphic rocks of the
area, they often contain some grains which have plane crystal faces, afthough no
cuhedral grains were seen. The sehlieren, too, have the appearance of semi-plastic
lumps drawn out during the flow of the enclosing granitic material, Although none of
this evidence is decisive, some difference in condition betwcen these rocks and the
surrounding oncs is indicated, and since the latter have themseives been altered by
reactions with fluids, a further stage in the replacement process, involving production
of magma, is inferred for the granitoid gneiss. It must be admitted, however. that in
many places the granitoid gneisses of this type could not be definitely discriminated
from other rocks.

Thin sections show clearly that replacement has played a large part in_ producing
the textures of these rocks. Replacement of plagioclase by microcline is unmistakably
obvious in most slides (see IFig. 5). '

Frayed relics of oligoclase are enclosed in clear plates of microcline, The oligoclase
crystals are cloudy. with clear alkali edges against microcline, and myrmekite is
common at their contacts with microcline. Replacements of plagioclase by irregular
plates of muscovite is frequently seen. Whether quartz has replaced felspars is more
doubtful, but in some slides it appears that it has encroached slightly on the micro-
clipe. Indications of replacement of plagioclase by quartz are rare.
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FIG. §

Textares in granitond gneiss

which crystallized later. (27/6).

Cs ¢ Relic of plagi-m:lusc_ with quartz blebs, enclosed in
large grain of repliavive microcline (277 10).

I sq. mm. of the section.

Not all the crystal grains have replacement relations however. About half of
the slides contain some felspar grains with one or two planc crystal faces. Oligocluse
has crystal faces against quartz, microcline, and rarely biotite. In some slides quartz
has crystal faces against microcline, though in others the reverse holds. From such
relationships it is inferred that some of the minerals crystallized from magma, though
igncous textures have largely been obliterated by the replacing microcline.

Gneissose structure is often shown in the field by sub-parallel streaks, wisps or
flecks of dark mincrals, principally biotite. Quartz is often segregated in lenticular
folia. Slides commonly show a rough alignment of biotite flakes. Besides the

- gneissose structure, there is often a clear lineation, marked especially by parailel
| streaks of dark minerals. Neither the foliation nor the lincation’ are regarded as due
| 1o deformation after the formation of the rocks, since the fabric seems to be post-
| deformation. Viscous flow during the deformation, and crystallization after move-

ment had almost ccased scem best to account for the-facts.

1. Oligeclase  showing  crystal face against nmrochne

Y3 r. fuartr showing crystal faces against plagioctase (278)

Sketched from thin sections, Each sketch represents about
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The essential mineral components of the granitoid gnerses are quartz, microcline,
oligoclase, and biotite. Microcline is the deminart felspar in a majority of the rocks.
Microperthitic (often antiperthiticy intergrowths of felspars are nol uncommaon. The
oligoclase varies in composition from Ab_, An., to Ab,, An,, in the rocks examined.
Quarlz forms large lobed grains. small irregukir ones. sporadic round blebs in the
felspars and vermicules in myrmekite.  Strain-polarization is unusual and never intense.
The biotite is dull brown or greenish-brown and 15 occasionally interleaved with mus-
covite, or transformed to chlorite. Titanomagnelite, sphene, apatite, zircon and

muscovile are accessory. Mauscovile occurs both as primary well-formed flakes and ¢

as replacive ragged patches. Both rounded and euhedral apatites were noticed. In
several rocks, the zircons are purplish and internally -crached. Hornblende is not

found in typical examples of these recks. Scarce garnels were seen in two slides.

(b) The Garnetiferous ortho-granudites are chiefly interesting frons their resem-
blance to other rocks which are known to be sedimentary. At the few places where
such rocks were recognized as intrusive they form thin sheels cutting across the folia-

tion of hornblendic rocks at a low angle. The gamels are svillered in a whitish 3
granulitic matrix, and are slightly more conceniraled near the contacts of the sheets. -

The sheets themselves, in al least Iwo cases, have cleun contacts and appear to occupy
plane fractures.

In thin sections, the rocks uare seen to consist largely ol quarlz, oligoclase, and
replacive microctine, with biotite, muscovite (partly replacing biotite in one slide),
garnes, ore and zircon. They are distinguished [rom the seperficially similar garnet
paragranulites by their field relations, abseace of “bedding™ and larger proportion of
microcline.

(¢} Meta-Quariz Porphyry.—Only one such rock was recognized. It was found
east of Lamerck Hill* and in the lield was recorded as an aplitic dyke. The thin
seclion shows a very line-grained quartzo-felspathic aggregate, in which are scattered
small flecks of biotile, rugged replacive plates of muscovite, small patches of calcite,
a litlle chlorite secondary alter biotite. and a little colourless epidote. The grain size
of the quartz-felspar mosaic is rather even. and about 0.05-0.1 mm. In this fine-
grained matrix there are a lew much larger (0.7 mm.) grains of quartz, with distinctly
preserved crystal form. which are clearly phenocrysts. They are not distorted. There
are also less well-shaped grains of acid plagioclase, partly converted to sericite and
calcite. One has still its original square outline. Microcline replaces the plagiociase
in small paiches. The biolite flakes, up to 0.2 mm. long are not aligned. The rock
is of interest for the light it throws on the mectamorphism.

() Biotitic foliated dyke rocks—Only a few narrow dykes of this type were
noticed among the gneisses. Their contacts are sharp and it is clear that they were

- igncous. They are schistose. owing to the alignment of the minute biotile flakes

which are disseminated throughout. The foliation is parallcl not to the walls, but 1o
that in the surrounding gneisses. Thin sections show no trace of original structures.
One (36/88) has small porphyroblasts of oligoclase (Ab,, An.,), aligned plates of
biotite, some pale green augite, a little hornblende, gquartz, and plagioclase. Apalite
and ore are accessory. In another (36:111) there is a porphyroblast of microcline,
in a fine-grained base of quartz, microcline. orthoclase (7) acid plagioclase and biotite,
with accessory magnetilc and apatite. A third rock sliced (36/33a) is more acid. [t
consists of small aligned greenish-brown flakes of biolite, ragged grains of microcline,
round and irregular quartz grains, and grains of apatite, and also a little ore and some
myrmekite. Its volume composition was estmated by eye as 25 per cent microcline,
10 per cent biotite and ore, 30 per cent quartz and 35 per cent oligoclase.

* West of the Wamba-Baragoi road, a litile bevond the northern limit of the map.
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These dykes were probably basic, and their present composjtion implies consider-
able reaclion with permealing solutions. Pegmatitic filins iraverse the Jast mentioned

(¢) Meta-dolerite.—Several sheets and dykes of an unfoliated dark holo-crystal-
line rock were seen. They outcrop conspicuously s Hirge spheroidul masses, and
some of the intrusions, although narrow, cun be traced for several miles.  No con-
tacts were seen, although their position was in most cases evident,

The fmost interesting occurrence is a dyke which cuts across granitoid and mig-
malitic gneisses nearly at right angles to the strike, in the Mukogodo country. lts
widith is apparently about fifty yards. A specimen (36 140) of the rock is homo-
geneous, with plagioclase, pyroxenes (some with bronze schiller) and biotite evident
1o the eye. Under the microscope the coarse doleritic texture can still be recognized |
although the original mincrals have been replaced. The original ophitic augite is :
represented by uaggregales of schillerized hypersihene. pale-green schillerized mono- |
clinic pyroxcne, biotile and a little greenish homblende. The felspars are unzoncd,
and are now andesine. They are full of short lines of minute black inclusions, the
lines running in all directions withoul any evident order.  Quarlz is scarce and inter-

kb A S

stittal belween felspar grains, or among the dark mineruls. It encloses minute |
unoricnted rutile prisms.  Apalite, as thick prisms, and magnetite or ilmenite, arc
accessory.  Scanly myrmekitic growths ol quartz in andesine, and minute specks of |
microcline (7) and calcite, were also noliced. ‘
Other slides are similar. Four out of five have hypersthene; the one without it
(27/20) has hornblende but no pyroxené. The piagioclase was determined as basic |
oligoclase, ofigoclase-andesine (Ab,, An,) and andesine (Ab., An,, Ab,, An,)in
different slides. A rough visual estimate of the composition (by volumer of one rock |
(36/37) was:— : b
) Per cent |

Biotite .. .. 12 treplaces pyroaened

Pyroxenes .. 3 (Hypersthene and diopside) !

Quartz .. .. 7 ’

Oligoclase .. 70 !

Ores, apalite .. 2 !

|

]

Microcline . 1

This is less mafic than the hand-specimen suggests. but is not typical. The biotite flakes
in il are roughly aligned, and the composition suggests reaclion with permeating fluids.

(fy Meta-gabbro—~—The best example of a metagabbro was found beyond the
northern limit of the area near Baragoi, where basic and ultrabasic rocks are wide- |
spread. The rock is coarsely speckled, greenish-black and white, The original large -
felspars have been replaced by finely granular white aggregates, and the pyroxene by |
greenish hornblendes. In a section (27/55) the hornblende is seen to enclose opaque |
dust, rutile prisms, and quartz blebs. Some of the plagioclase is densely clouded, some.
clear. A clear grain was determined as andesine, about Ab,, An,. i

Further south, among the metamorphosed sediments cast of the Seya, there arc:
large sheets or lens-shaped masses of a distinctive rock with poeciloblastic lozenge- or !
augen-shaped hornblende crystals half an inch or more in length, set in a felspathici
base. The rocks are strongly schistose or foliated, unlike the Baragoi metagabbro|
which is only weakly schistose. The two slides made show poeciloblasts of green horn- |
blende enclosing quartz, plagioclase, and orc, blades of green hornblende free of in-|
clusions, chestnut-brown biotite (in one slide) and plagioclase (basic plagioclase and
acid andesine). Quartz, ovoid grains of apatite. and ore, are accessory. These rocks |
may have been gabbros. ' '
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(g) Amphibolite—Glistening greenish-black amphibolites are exposed in many of

the hills near the northern limit of the area, vn cither side of the Barsoloi-Buragoi
road, as well as further north outside the area. From their associations, field relations,

and homogeneity it is obvious that they are metamorphoscd igneous rocks, uitrabasic |

in composition. Rough parallelism of the amphibolite blades gives some of them a
weak schistosity.

One rock sliced (27/66) is an aggregate of ragged interlocked prisms and blades |

of actinolite, in which are enclosed minute prisms and arrow-head or geniculate twins
of rutile and minute grains of sphene. In another slide (27/84), actinolite, the major
constituent, has clearly replaced crysials of another mineral, probably augite, whose

outlines are marked by faint lines of black inclusions. In this slide there is also a litie |

basic plagioclase, with quartz, epidote, and calcite. Such rocks were probably originally
pyroxenites. A bright green chlorite schist, consisting of clinochlore with a little

actinolite and magnetite, and a green epidosite were seen on Siambu Hill among

amphibolites,

(h) Tale-rocks and ftremolite rocks—Several pod-shaped masses of soft light-

' coloured tale-rock, tremolite-rock, and mixlures of the two minerals, occur in the same

region as the amphibolites just described. Within the arca mapped the masses are
small and not many yards wide. Further north, towards Scuth Horr, such rocks are

. said to cover large areas. The tremolite rocks consist of rosettes and fan-shaped clusters
of pale buff crystals. The tale rocks are lumpy und brown-weathered. Neither are |

foliated, but the talc rocks are roughly schistose near their contacts..

In sections, the talc rocks are found to consist of interlocked and unoriented

¢ thick plates of talc, with brownish or black dust. There are also scaltered small prisms

" of this kind of any other age have yet been recognized in this part of Kenya,

i of anthophyllite, and a little serpentine. A tremolite rock (27/60) has matted blades
‘‘and sheafs of tremolite, and specks of limonitized magnetite. One polygonal dusty

shape suggesis the form of olivine. These were probably dunites.

(i) Peridotite—A low hill, north of the Uaso Nyiro (37° 26" E., 0° 36" N.) is

' formed of a tough, black and heavy peridotite. The rock is fresh and not foliated.

The visible minerals are black hornblende, as poecilitic blades up to two inches in
length, flakes of bronze biotite, and green granular olivine, The outcrop of the mass
is round or oval as if it were a boss, Its contacts with the surrounding acid and horn-
blendic greisses were not seen.

A thin section (36/94) shows that the chief constituents aré olivine, hornblende,

' biotite, diallage and hypersthene. Plagicclase is subordinate. Green spinel, magnetite,

pyrrhotite and actinolite are accessory.

The olivine, which forms about one-third of the rock, is optically negative with

~a large optic axial angle. The grains range up to 2 mm, in diameter, Many huve

kelyphitic borders of hypersthene surrounded by actinolite. Olivines enclosed in horn-
blende are surrounded by mggnetite. Hypersthene, faintly coloured, also occurs as
separate compact grains up to 1 mm. in length. Diallage is another original constitu-
ent and in parts of the slide is in excess of olivine. It is patchily replaced by greenish-
brown hornblende,

The large poecilitic hornblendes are brown, and only weakly pleochroic. They

' enclose olivine and magnetite. The brown mica also is weakly pleochroic and nedrly

uniaxial, with N, = 1.57; it is a biotite and not phlogopite.

Plagioclase is interstitial to the dark minerals, and is estimated to amount 1o less

~than § per cent of the rock. It was determined as labradorite, Ab,, An,,.

1t is possible that this rock does not belong to the Basement System, but affinity
with the meta-dolerites is suggested by the presence of hypersthene, and no intrusions
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Roc ks a3 nneertain origin
Of many such rocks oniy a few deserve mention.

(@) Plagioclasc-amphibolite. pooxens  gramudite and  epidote granulise
Plagiociase amphibolites are common. especially in the north of the area. and in ~everal
places are the previlent rocks ever quile large dreas. They are speckled greenish-black
and grey with a rough schistesiy and [aiet foliation. In slides the essential muncrals
are scen to be plagiocluse and hornblende, with subordinate quartz. The plagioclase was
determined as Ab_ An,, Ab., An_ und Ab_. An_; in (ypical slides. Sphene. biotite,
magnetite, apatite. pyrite and chalcopyrite, were noted in one or other of the shides.

Associated with these rocks are others, either pranulitc or gaeissose, in which the
dominant dark mineral is either pyroxene or epidole. A lypical pyroxenc-bearing
granulite (27;7) contains poeciloblastic pale emciald-green pyroxenes, which are weakly
pleochroic and have distinct dispersion. They enclose globules of quariz. grains of
epidole and small hornbleades. Hornblende, q}ldolc clear plagioclase {acid andesine)
and quartz form u granoblustic musae. There is a litde sphene and scarce orthoclase.
In one rock (36/39) the transformations diopside-hornblende-epidote are clearly
shown. In several rocks the sphene is pleochroic from pale brown to pinkish brown.
The felspar varies. in different rocks. frem oligoclase to labradorite.

These types of rock ure conspicuous near Maralal, and on the other side of the
Karissia Hills in the Oporoi valley. They may have been derived from basic voleanic
rocks.

(b} Aepirine-glarco ﬂmm' eramufite —An unusual rock was coliected at the top of
the western crags ol a kl“ south-east of Uaraguess. The crags are formed of pinkish-
weathering granulitic gneisses with a structure suggestive of coarse bedding. The
slide (28/36) of what was collected as a representalive sample, consists of a grano-
blastic guartz mosaic, larger grains of microcline, with ragged lrrt.w!ur streaks and
patches of dark minerals. Among thesc. Jegll‘li‘te in irreeular grains, is the chief. It is
associated wilh small compact p'ecchroic grains of sphene und irregulur streaks and
clots of magnetite. Along the edyes of the acgirine grains and sometimies on the >ur-
faces of other dark minerals. are small Hakes and ciystals of glavcophane. There is o
little acid plagioclase, detcrmined as albite, approximaicly Ab., An.. Zircon in very
small short rounded and cuhedral crystals, is unusually sbundant. A mat of rutile
needles is associated with some ore. Apatite and scales of hematite were wisa nofed.

(©) Muscovite-gurrariz-felspar schist— Flaky felspathic schists, Tull of parallel Makes
of muscovite, were seen at several pluces along @ zone in the south-castern purt of the
area. A section ol onc of the rocks (36/12) shows aligned cleanly-shaped flukes of
muscovite in a granular matrix of yuariz, cloudily altered oligoclase, and microcline.
Accessories are zircon and rutile. From their persistence along the sirike and from
their slabby appearance in the field it is thought that these muscovitic schists probably
represent a horizon of sandy scdiment, altered by permeating fluids. There is. however,
little in the slide to suggest such reactions.

{3) Metamorphism
{a) Anatexis

It has already been remarked that the wide distribuiion of undoubled meta-
morphosed sediments, the continuity of certain bands over long distances and the
homogeneity of the structural pattern over the whole area, through all kinds of rocks,
are taken to mean that the whole complex has been derived from a series of sediment-

ary and volcanic rocks.

The rocks supposed to be igneous are a small part of the whole. There are no
granitic intrusions of batholithic dimwnsions anywhere in the area por, so far as is yet
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! known, anywhere c¢lse in the Basement System of East Africa (the Central CGranite of

Tanganyika, and the granites of the goldfieids arc considerably younger). There is no

. direct evidence 1o connect the metamorphism with any granite mass. The suite as a

whole, however, cerlainly resembles very closely some of the injection complexes
described from other parts of the world, for example those of Central Sutherland
(Read, 1931). There. addition of material, particularly soda, was proved by analyses,
Here, no analyses are available. It appears, however, that in muany of these rocks the
proportion of soda is higher than it is likely to have been in the original sediments.
Whether others of the rocks have lost soda has not been discovered. Were this so, il

might well be argued that the metamorphic processes had merely tended to re- !

distribute the conslituents, especially alkalies, which were already in the rocks, so as to
cause u peneral convergence towards the composition of granite. The fluids which
dissolved and redistributed the alkalies might have been those originally imprisoned in
the sediments. Whether or nol this interpretation is correct, it is at any rate clear that
many of the rocks have been profoundly altered in composition as a consequence of
reactions with Muids which permealed them. The penuliimate stage of the processes by
which the original heterogencous sedimentary complex is replaced by & more homo-
geneous biotite sneiss is exemplified by the occasional occurrences of lumps ol cale-
silicate granulite enclosed in slabby biotite gneisses of sedimentary aspect. Transforma-
tions in composition, such as are suggested in the nbove paragraphs and by evidence
contained in the preceding sections, are comprehended in the general term anatexis.

(h) Grade of Metamorphism

Throughout the area the grade of metamorphism is high. Sillimanite is everywhere
the characteristic mineral in the pelitic pneisses, whereas kyanite, which has been found
in many other parts of Kenya (Parkinson, 1913, 1941), and *n Tanganyika (Temperley,
1938, p. 40) has nowhere been found. Graphite occurs in gneissose rocks and not in
finc-prained grey schists as it docs in some other places in Kenya. The limestones
contain forstertite, Cale-silicate  granulites  with  bytownite, a pale emerald-green
pyroxene, and garnet, are found at many places. The high grade, shown particularly by
the comman occurrence of sillimanite, distinguishes this area from others so far
deseribed in Kenya. It scems possible that some broad zoning in the Bascment System
may be found practicable. If so, it should be of some help in judging where minerals
of economic value are hikely to occur.

(¢} Hydrostatic pressure and shearing stress

The hydrostatic pressure that prevailed while metamorphism was proceeding does
not seem to have been exceptionalty high. Among the basic rocks, which are most
sensitive to such pressore, the dense eclogite f{acies has not been discovered. The
nearest approach to it is seen in the andesine-green diopside-epidote-garnet assemblages
which suggest moderate hydrostatic pressure,. No charnockites were found,

The purt played by shearing stress in controlling the mineral assemblages and
fabrics is judged to be subordinate. The dyke of metadolerite which cuts across the
gneisses in the Mukogodo Hills {vee above p. 19) seems to have the same mineral facies
as many other rocks of the area, although it is essentially post-tectonic and is not
sheared or foliated. Deformation of original structures in the few rocks where these

ican be recognized, for insiance in the meta-amygdalo’ds and the meta-guartz porphyry,

is not excessive. On the other hand, preferred orientation of many of the minerals is
apparent. The mica flakes Lie mostly parallel o the foliation, and sillimanite has always
grown neatly parallel 1o the lineation, This orientution of the sillimanite, which has
usually grown in a granulose matrix of quartz, cannot be mimetic. The stress must
have bteen applied while the sillimanite was crystallizing, a'though it does not follow

that it was excessive, or imvolved much deformation. Garnets with spirally :trranged;

inclusions have nowhere been (ound. The disposition of the foliation in certain horn-
blendic rocks cannot be interpreted as ap effect of plane shearing., (See Fig. 6,)
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a. Hornblendic gneiss (H), showing houdin-

age-structure and enclosed in acid gneiss
(G), the two together forming a
migmatitic gneiss. Vertical dip-section.
At confluence of Langat and Suiyan
vealer courses.
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grained hornblendic gneiss (H). Plan. In
a vertical dip section the width of (he |
gneiss band is constant. S.W. of Wamba, |

Amphibolite lenses (H)Y in acid gneiss (G},
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Lbagoi water course.

The fabric of the granitoid gneisses scems to be essentially post-tectonic and crysial

faces supposed to have formed in magma have not been destroyed or deformed.
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This sketch of the factors ipvelved in the metamorphism leads to the conclusion
that high temperature and permeating Huids were the escential Tactors, shearing siress
less important, and hydrostatic pressure of hittle influence. The sheets of granitoid
gneiss scem to be one of the products of the regional metamorphism, rather than its
cause. No cennexion between grade of metamorghism and proximity to such shects has
been traced, although there Is some cvidence that the effects of atkaline Nuids were
greatest near them,

(4) Structure and Dibswribution

The structure of the Basement System in this district is intricate and has not been
resolved by this rapid survey. It was hoped that by recording he dip and strike of the
folintion, and by using the generally conspicuous limestone bands as markers, the
broad structural plan might be discovered, but the data are inconclusive, Most of the
structural evidence plotted on the original 1: 125000 maps is reproduced on the
1:250,600 map and only a few aspecls ol the slruclure deserve mention here. Some
of the structural features are shown in Fig. 7.

, Distriburion of the metamorphosed sediments

A zone of metamorphosed pelitic and calearcous sediments strikes from north to
south through the middle of the area. A less conlinuous caslern zone trends along
the western foothills of the Matthews Range and s continued ucross the western flanks
of Uaraguess and Mgurie. It ruos N.N.W.-—5.5.E. and so diverges from the central zone,
southwards. Between these 1wo  principal sedimentary zenes there are in the Uaso
Nyiro basin, various scattered ontcrops of lintestone. graphitic gneiss, and pelitic gneiss,
but further south in Mukogodo nonc were seen. Northwest of the Karissia Hills
small limestone outcrops were found in two rizces: limestone was also found, a little
north of the limit of the area (see muap), near a small basult outlier south of Lgerei
Limestone and garoetiferous and sillimanile-bearing gneisses Torm a small hill north
of Lengishu. Many of these ovcurrences show an assecintion of limestone, graphitic
gneiss, and pelitic gneiss so similar that it is certain that the same stratigraphical
horizons are repeated. There are. however, at least three separate limestone bands
south of the Uaso Nyiro and doubtless these are not all. '

Structaral relations of the sedvnentary zones

in the eastern zone the dips are consistenlly castwurds (or E.NE), excepl north-
west of Wamba, where the dips are locally westward. The westward dips appear
to be due to subsidiary folds, with wave lengths of one or twe miles, a nearly north-
south trend and a northward pitch. The pneisses on cither side of the castern zone
also dip eastwards. The width of the zone varies from about 24 miles to nothing. The
fingering-out shown on the map is a diagrammatic representation  of the manner in
which this is thought to occur. The fine seetton along the Npeng River shows only
one very thin band of sillimanite gneiss in place of the wide outcrops five to ten miles
further north, The rapid change cannot plausibly be interpreted as an original varia-
tion in facies along the sirike and from the dips recorded it cun hardly be supposed
that the whole sedimentary zone is a complex synchinal infold, nor is faulting indicated.
The explanation preferred, in this and similar instances, is that the para-gneisses pass
along the sirike into migmatitic biotile gneisses by which they have been replaced. It
might be argued that if the zones are merely unreplaced relics. the fact that particular
associations of metamorphosed sediments are characieristic of them is no indication
that such associalions were restricted 1o these zenes of the original sedimentary com-
plex. But the persistence along the strike of sorme bands, notably the limestones, and
their rarity elsewhere, is taken to show (hat the present discontinuous and variable
zones do in fact represent the principal horizons of pelitic and caleareous sediments
of the original complex.

N
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In the central sedimentary zoae, the direction of dip is variable (see sections, Fig.
8). Towards the south, westerly dips prevail, although contrary dips indicate some
tight folding, which is also brought out by the sharp zig-zag of an easily recognized
band of sillimanite gneiss west of the Loldaikas. Northwards of the Uaso Nyiro and
thie Ngare Narok, westerly dips still predominate, but with frequent reversals. Between
the Uaso Nyiro and the Seya, easterly dips are most frequent. Still furiher north, :
easterly dips are general down the eastern side of the zone and westerly dips down |
the other side as if it were anticlinal. Overturning and reversed dips occur. It is |
clear that at least in the north, the central zone of sediments is folded, and the direction !
of sheet dip is not clear. ' o t

Structures in the Basement System outside the main sedimentary zones

Between the two main sedimentary zones, repeated changes in the direction
dip show that there is a series of parallel folds. Beyund the eustern zome, in tf
Maiihews Range, the dips appear to be generally eastwards. with a shallow synclin
roll, perhaps continuing south of Uaraguess, along the axis of the Range, and a o
plementary anticline further east. West of the central zone, in the low country towar:d
the Karissia Hills, wosterly dips prevail. Tn the Karissia Hills too few dips weiz
recorded from which to generalize, but rather low dips are common, and on the easteri’ -
face of the Hills, the low dips appear to be consistently to the west or northwest,

Strictural relation of the Granitold gneisses

Dips and strikes in the granitoid grejsses are in generul consistent with those of =
the surrounding terrain, but small-scale contortions and waviness are widespread. Ta- §
sheets which are demonstrably transgressive, for example one about 5 mifes S.E. of the
transverse dolerite dyke ol Mukogodo, the foliation also sirikes obliquely acrosg the
regional foliation. In some places, the strike of the granitoid zneisses conforms to the
regional strike, but the dip scems to be slightly different. This needs coufirmaticn.

Structures in the Migmartites

In certain lypes of banded migmatite, intense unsystematic contortions are a’
characieristic feature. An indication of their nature is given in Fig. 3. They are in-
terpreted as the result of plastic flow in semi-magmaltic material {see p. 15).

Faults

Bfajor faulting in the Basement Systens, other than of Tertiary or later dife, has. 3
not been proved. Sudden changes of dip suggest that strike [aults repluce the limbs. - |
of some of the tight fuids which strike into the eastern face of the southern Kaiissia . !
Hills. The mapping was generally teo hasty to disclose the faunlts which doubtless:
exist. Minor faulting is, of gourse, often seen, but was not [ound to be systematics Iy
related to major structures. ‘ : ) T

Tineation and Pitch

A linear fabric is common. hether it is shown by elongation of mineral grains
or aggregates, or is the axis of intersection of two or more foliations, its trend and
pitch is much the same. Representative measurcments are shown on Fig. 7. It will
be seen that the lineation generally pitches towards the N.NW,, the angle of pitch
being usually between 5° and 10°. Southerly pitch is much less frequent, and in many
parts of the area, unknown. Where the pitch of major folds can be discovered, it also
is northwards., Pitch of the axes of the small Tolds in the contorted migmatites is as
variable as their trend, and may be any angle lrom horizontu! to vertical.

General Imterpretation and Succession

The interpretation tentatively suggested is that the two principal sec!imenta:y zones
of paragneisses with limestones, represent the same series on the two limbs of a com-
plex anticline pitching north, 1f so, the biotite gneisses, granulites, hornblendic gneisses

27

and granitoid gneisses between the two zones would represent the oldest part oF hey
,sucr::essia.m. The limestones, graphitic schists, and pelitic gneisses of the Uaso Nyiro
Pa:*%m, 50 closely similar to those of the main zones, would be synclinally infolded or |
:13&:}1:!!‘3(!'. [‘hc' gruni'}uid gneiss‘_:s;. biotite gneisses and hornblendic rocks of the Karissia
FALELD ARIM AVERLLIIC WY NGRS WULHA OVETHE (I A00E 01 PULUC Enesses and imestones and
the prommitic granulites of the eastera funk of the Maithews Range would be the high-
esb visitde part of the succession, The hwiied convergenee of the twe maia sedimen-
t walld resubl € iy detailed mospping would
siueidate the o ariteaceid sirike. renoit
. . . 'R
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V--DETAILS OF THE GEOLOGY (I THE TERTIARY AND PLEISTOCENE
ROCKS

sereral hundred amillion years a Large part of geological time s fepresented by

the unconfornuty between the Basement System and the overhyag rock s which belong,
troudly speaking, to the period of formation of the African Riit Vallevs,  Most of
them are lavas. but in a lew places, thin deposits of sediments have been found, under
the earbest of the lavas, and there is also o cover, seldom more than ten or twenty
feet thick exeept in the valleys. of muterial accamulated on the solcanie suifuce after
e wruptions eeased. All the toeks ol the later periods Fall o thece RIOEPS

Pleistocene & Recens 3 Postvoleante alluvivn, gravels, Laterite,

suals and other superficaal deposin
Mivcene to Plebstocene 2 Volcunic rocks,

- Mpiwene o Sub-volennic sedimients.

(1} Subsvoleanic sediments {Mivcenel

Sediments have been discovered underneath the lowest of the el tocks ol
sereral places along the castern fringe ot the Lahipia i pleteay, ond ulso beneath
aovurtous narrow and winding oatlier of fava east of the Kanssie Hillh Al these
sediments are similar in hthology.  The most Cluariefenstic is & coalse lizht-coloured
grit wath well-rounded pebbles of quints. There wre wlso whitish shedes. soft Hapy
sitstone Lavers, marls with calearcous concivtions, grevinsh-erey dhns, amd disdoniite-
Taey apparemily contain no voicame material hut are deriyed eatrreiy Prom the under s
cing metamorphic rocks.

Fossily were Tound at two pluces. in 1he Palagaiaei iPadagian salies and new
Nimman - There was ro time Tor  syslenmitic collecting,  The tosals Tound were
submitied o Dro Do G. Muldnnes, who ideatified among them cootherm hobieyi
Andrews, and Mastodon, sp. There wre also Chelonian seutes, crocodiie vertebrae,
and other umidentified vertebrate remans.

Details of exposures

The localitics where the sub-volcanic sediments have heen teend are:

(1 On the northern slope of the Ngure Nurok valley, about five nnles south-west

of the confluence of this river with the Uaso Nyiro.

{21 On the northern side of the Paligalugi valley, about three miles west of the

Uaso Nviro.

13) Near Kirimun (a few miles south-west of the main bend ol the Unso Nyiro),

() Beneath the nurrow lava outlier east of the Karissia Hills,

The first of these localities is interesting because it is the only one where the
sediments were scen overlying luva: elsewhere they rest directly on metamorphic
rocks, A section was scen of about 20 Jeet of sediments, between perphyritic
phonolite above and a fissile non-porphyritic phonolite below.  The lutter has only
a short outcrop and rests, probably in un old valley, on gneiss. The sediments at
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this place are. gravelly greenish giits, white impure diatomite €73 and Prownish g,
the gravelly beds heing at the base.  Elsewhere the former presence ol the same beds
is indicated by wellrounded quanle pebbles strewn over the surface of the non-
porphyritic phonolite.

In the Palagalagi valley. the pale outcrops of the scliments are conspcuous below

the durk scarp fermed by the lowest of the phonolites.  The rocks heie are guarty

grits, wavelly gits, greenish-grey unstratificd bentonitic clays. und diatom tes.  Fossils,

amongst them Chelonian scutes, crocodilian vertebrae and other vertebraic renwins, -_l_,
are common. The sediments have an outcrop about « mile long but their thickness

is probably less than fifty feel.

Kirimun is at the north-eastern corner of the phonolite platenu of Laikipia. The
sub-volcanic sediments exposed there ure in four separate ouicrops. Two. which were

" not visted. lic a2 mile or two north-east of the Kirimun spring; the third and principal

one is on the western slopes of a small hill capped by a lava outher cast of the spring,

and there s a fourth. very small, a guarter of a mile further south.  In the largest o

outcrop. below the lava outlier. the thickness of the sediments may reach 3 hundred
feet  The succession is:-— : :

t6i Porphyritic phonolite.

15) Flaggy porcellanite layer.

t4) Phonolilic pitchstone.

t3i Pumiceous lapilli tull (a few fect only)

12) Sediments, including quartz-grits, silicified urhoses. calcareous grits. math with
calcarcous concretions, and greenish bentonitiv clays.

(1) Gneiss.

The surface covered by the sediments was uneven, with immature valleys at least a

| hundred feet deep. Vertebrule remains were found in the clays on the surface. Dr.
" D. G. McInnes. who examined them, informs me that the fauna includes Deinotherium
. hoblevi Andrews and a species of Mastodon. These. in his opinion. sutiive to prove

the Miocene age of the beds. Further collecting would certainly produce a1 larger
fauna from which more accurate dating should be possible. It scemns probable that
the Seds are approximately synchronous with those of Karungu and other places in
western Kenya. v :

In the Seya valley the sediments occur between the lowest of the phonolites and
the underlying gneisses. The surface on which the sediments and lavas rest is even
more irregular ihan at the other places. One very small patch of conglomerate grit
underlies the lava, high up on the north side of the valicy at an elevation of about

© 5,800 feet, There is another patch of sediment half way down the same side of the
" valley and much more extensive outcrops extending up the opposite side [rom near

river level (here about 5,200 feet) to perhaps 200 feet above it. The sediments are
being eroded from the slope of gneiss on which they were deposited. The phonolite

! overlying the sediments flowed into the same valley which for a short distance almost

coincides with the present valley of the Seya. The sedimenis are gravels, gravelly
silicified breccias, sands, brown earth, and a rubbly deposit, probably hillwash. A
thickness of 150 fect of such beds was measured in a gully south of the Seya.

The sediments also occur east of the Karissia Hills, under outliers of phonolite. | :
Al the northernmost of the exposures, on Lowermut Hill. about 70 feet of sediments, )

chiefly gravels. grits, and laminated flaggy silts. underlie the cap of phonolite. The same
series can be seen from a distance under the lava scarps to the south as pale patches,
croded back above a small lower scarp which evidently marks the surface of the
gneisses. This part of the outcrop was not reached, bul silicified gravels, baked by the
overlying lava, were again scen where the Java plateau was crossed about ten miles

' SS.W. of Lowermut. The surface of the gneiss under the sediments of this arey i

remarkably even,

|
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Vode of origin

The generally similar lithology of the sub-volcanic sediments und their strali-
graphical position, leaves no doubt that they were all formed under similar conditions

Karungu Miocene beds (Oswald, 1914) which have generally been regarded as
lacustrine, although Bayley Willis (Willis. 1936) argued that they are river deposits.
In the present area the only evidence in favour of the lacustrine origin is the presence
of a thin but rather pure diatomite bed at one place. To explain all of the deposits as

verlical range in the Seya exposures ta tectonic explanation for the differences in level
theic can be cxcluded). A lake of such depth is not suggested by fauna or lithology
of the beds at the lower levels, It is pussible that the deposits may have been laid down
in lakes formed where valleys draimnz westwards were dammed by lavas flowing inlo
them.

The well-rounded quartz pebhies have evidently traveled far. They recall the
similar quartz pebbles also regarded as Miocene, fourd under the phonolites of the
lsuria plateau in S.W. Kenya (Shackleton. 1942).

("mlnparing theic Miocene deposts wilh those of the post-volcanic period, the

period was wet.
(2) Tertiary and Pleistocene Yolcanie Rocks
Classification

Volcanic rocks cover more than a third of the area. Some of the lava sheets only
lifty or a hundred feet thick are yet hendreds of square miles in extent. They are
typical plateau lavas Others, such as those which poured down the slopes of Mount
Kenya. congealed in narrower tongues, and are characteristic of the central eruptions.
The lavas erupted have a wide range in composition. They are here classified litho-
logically rather than by age. Their correlation and age relationships are discussed
alterwards.

The chiel groups distinguished are: —

(i) Samburu Series (basalts and tuffs) B, and B/’
(ii) Rumuruti Phonolites (Ph, part) l
(iii) Phonolites ol Kapitian type (Phy) Ph, (with Ph,)
{iv) Losiolo Phonolites (Ph, part) ! \
(v) Thomson's Falls Phonolites Ph,
(vi) Mt. Kenya Suite
(a) Fissile “basalts™ B.
(b) Fissile Phonolite Ph,
(¢) Kenyte and Kenyte agglomerates K and K’
(d) Blocky Phonolite Ph,
{¢) Rocks of the Parasitic Cones B’
(vii) Laikipian basalts
(@) Laikipia _ -t
{F) North of Mt, Kenya 13,
(¢) Lgerei and north-cast of the Maithews Range )
(viii) Quartz Trachyle Ti
(ix) Trachytic (ufis Tr

" The symbols are those used on the map.

(1) The Samburu Series
North-west of the Karissia Hills and Lorogi, the country diops steeply, in places
cven precipitously, from a maximum elevation of 8,104 feet at lLosiolo, down to the
rocky and barren country dissected by gorges and canyons which lead through the
Samburu scarp down into the Suguta valley. The lowest point reached, ncur the north-
west corner of the area, was estimated o be just below 3,000 fect above sca level.

al about the samc time. In their facies, both lithological and faunal. they resemble the !

lacustrine would mean postulating @ lake perhaps 500 feet deep to account for the °
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absence of laterite and red beds i~ ~triking, This and other Teatures suggest that the
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In this dissected couniny, the great series of rather monovionous phonolites ol
[ sikipia. Lorogi and losiole s seen to be underlain by another older series of
voleanic rocks. which indide red @nd purple tulfs and porphy ritic basalts. This basaltic
series is particularly interesime o+ o helps to connect the solcanic seyuenve of the
Lake Rudolf region with that of the lavas east of the Kemya Rift Valley. and it also
throws some light on the cuiy history of the Rilt Vadley,

The Series consists largelv ot red and purple tuilfs, which are coarsely but regudarly
stratified. They dip towards the Raft Valley, that i NONOWL at low o moderate angles,
Frosion acting on them has prodieeed a ribbed and linear topography fsee frontispiece).
In this dry arci. where segefation is scanty. individual bands cun be followed across
the country by eye for nmuny miles. The Series could be seen to estend far to the
north beyond the limit of the area towards the hillh marked on the milttary  lopo-
graphic map (EALLL Noo 168, Maralal NAV, 2250000, 19411 as the Samburn Hills,
Place numes of any signdicance are so few on the map of this district that the Seres
has been called the Samburu Series. after these Hills, although the true Samburu
country s further et

The tutls are pumice und tapills tutls Their colour suggests it they are bisalb
like the associated livas. The o't specimens collected were found to be so decomposed.
and impregnited with Tenic ovade, thal the natme ol the lava fragments could not be
determined. In one of the slides *27 321 rounded and wngulu fragments of trachyne
pumsice. with other volcame frazments, lic in a ferruginous matrin, The felspais could
not be identified. Another slide (27 35) contains fragments ol vesicular fava with oblong
felspar crystals. In shape. the felspars are hke those in one of the associated hasalis,
but again are so decompuosed that they were not even proved to be plagioctase,

One other roch (27 30 from this tull series was sliced. s o tuflsceous gnt, with
angular and sub-angular grains of guartz, micraclioe. a few flakes of hiotie, griains of
acid plagiociase, and some larger grains of decomposed fava, The griins ire cemented
in reddish hematite-dusted quartz. The quartz and felspar gisins evidently came from
the Bascment System rocks not far away, .

The stratification of the wffs is so regular on a large scale as to suggest deposition
in water. At a few localities. whitish indistinctly stratilied rocks occur in the Series.
Thuse reached were not as was anticipated. dintomites, but whitish tufis. No definitely
lacustrine beds were seen. The coarse stratificition is comparable 1o that ol the tulls
which are at least partly lacustrine, of the Kinangop esciarpment. Ciraded bhedding was
not noticed. The only fossils seen were some silicified tree trunks, evidently weathered
out of the tufls, near a watercourse midway between Losilo and Tuwana Trigo-
nometrical Points, bul the general character of the Serics snggests that other fossily
might be expected.

Lavas are subordinate to twfls, but are not rare, Several smgle basalt Aows were
secen amongst the tulls, and in some places basall was found at the base of the deries,
resting directly on gneiss. Basalt with porphyritic plagiockise scems to be the
characteristic type. Slides {27:34; 27739, 27/45, 27/46, 27:104) show phenocrysts of -
plagioclase. determined us bylownite {Ab., An_.} in specimen 27748, lubradovilé-
bylownite (Ab,, An.,) in 27/46 and labradorite (Ab,, An..) edged with oligoclase in
(27 104), The groundmass is basaltic, vonsisting of plagioclase, pyroxene {either purplish
and titaniferous or nearly colourless), small decomposed olivines, ore spechs, and
various secondary minerals. Biotite shreds in one shide and a kataphorite-like amphi-
bole in another, indicate an alkali tendency. , ¥

A porphyritic busall scen in a gorge at about 367 327 I, 1 25" N. at the base of
the Series, is divided by curved surfaces ke those of a pillow luva, but the resemblunce
may be deceptive.

One non-porphyritic basalt collected 127,310 consists ol basic plagioclase laths,
slightly purplish pyroxene granules. an amphibole tkataphonite?) pleochroic from very
pale reddish-brown to a still paler greenish tinge. granular ore, iddingsite (7 ulter
olivine, and secondary calcite. '

e e g e R et st
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In the Langat gorge, cast of the Maralal-Barazoi 1oad, the following sequence was
seen:—-

(5) Porphyritic phonolite (Rumuruti Phonolic Serics),

(4) Vesicular basalt. crowded with plagioviase’ phenovrysis.
(3) Tulls, 1
(2) Trachyte, pinkish-buff in colcur. streaky. and w.:h glassy felspar phenocrysts.
(1) Gneiss. :

The trachyte is unlike any other lava scen in the Sumburu Series. A slide shows an |
aphanitic base with small Auxionally orientated laths of sanidine, a few flakes of |
greenish-brown biotite, one blade of greenish hornblende and some fragments of
microcline. The latter minerals were probably picked wp from the surfuce of the
Basement System gneisses, over which the lava flowed. Some enclosed fragments |
slightly coarser than the matrix show acgirine, felspar, zeohte, and secondary minerals.

In the north-west of the area, the Samburu Series i~ alfected by a strong flexure
and broken by a number of small faults. which are well seen in the gorges. Some of
the lavas are fractured and secondary minerals. among them fluerite. have been
deposited in the fractures. It was al first thought that the Series had been dislocated
by early Rift Valley mcvements before the succeeding phonolites were erupted.  But
on the steep slope below the trachyle outlier near the north-west ~oiner of the area,
the highest of the purple tuifs of the Samburu Series rests on a phonolite essentially
the same as those of the Rumuruli Series above. showing that the periods of eruption .
of the two Series overlapped slightly, and there is no unconformity between them,
. In the Langat gorge section, 15 miles to the east. nothing was seen to suggesl an
. unconformity, although the phonolites overstep the Samburu Series eastwards. The
. phonolites are certainly affected by the flexure mentioned und doubtless the reason |
| faults were scen in the Samburu Series but not in the phonolites is merely that the |

]

' latter were nol examined in traverses far enough west.

T The preceding description of the Samburu Scries concerns the outcrops north-
west of the Karissia Hills. About 30 miles further south, buasalts are again exposed |
underncath the phonolites of Lorogi, al the foot of the scarp immediately west of
Amaya Trigonometrical Point (6,840 [fect). The phonolites are exposed down the
scarp to about 6,000 feet, where they are underlain by a series of thin flows of basalt,
which are exposed down to the foot of the scarp, estimated 1o be about 5,700 feet. The .
base of the series was not seen. :

: Here again most of the basalts arc of the type with plagioclase phenocrysts. Some
| are highly vesicular, and crowded with fluxionally oricntated plagioclase crystals, as |
in the Kijabe basalt described by Shand. (Shand, 1937)

~ Three specimens, 35/78, 35/79, 35/80 rcpresent the Amaya basalts. They are
dark grey or purplish-grey rocks, with parallel felspars, which in 35/80 are as much
as 14 inches long. The slides show that they are labradorite. Other minerals seen are
! decomposed olivine, purplish augitc and magnetite. In two of the slides there is a
little reddish-brown biotite, and in one. (35/78) some inlerstitial analcite. As in the
basalts from the Samburu Series from further north, the alkali tendency is marked,
In view of their comparable stratigraphic position beneath the sume plateau phonolites,
' and their close petrographic similarity there is no doubt that the basalts of the two

areas should be correlated. The correlation is supported by the discovery.of more
- basalts below the platcau phonolites, west of Lake Baringo (see Appendix 1). Tufls
. are subordinate to lavas both on the Amaya scarp and near Baringo.

The Samburu Series closely resembles the older basaltic Serics of Miocene age
of the Lake Rudolf region and the two should almost certainly be correlated.

LTS —

t (i) The Rumuruti Phonolites

! The plains of northern Laikipia and Lorogi are underlain by phonolites. As
. Gregory used the name Laikipian for the basalts of Southern Laikipia the phonolitic
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series which actually furms most of Laikipia cannot be called Laikipiun and is here

called after Rumuruti, which is in the middle of the phenolite area.  Although this

area is a thousand square miles l'ew separate flows are exposed. as the individual luva
sheets each covercd a lurge "area, and the generul surface of the plains corresponds
nearly to the original luva surfaces, not very deeply incised by subsequent erosion.

 The eastern edge of the phunulite plateau is an erosicn scarp, which in plan winds
~ sinuously around the heads of the small valleys draining into the Uaso Nyiro. Outliers,
" isolated from the main plaieau by valleys cut several hundred fect down into the
. gneisses, show lhere must have been a very long period of erosion after the

eruptions. The comparatively slighi erosion of the phonolites on the plateau itself
is due not to the shortness of the period of erosion, bul 1o the resistance of the flat

. hard phonolite sheets. Even on the plateau, the farger streams, especially the Ngare
. Narck, have cut down through several flows whose eroded scarp edges can be traced

far along the sides of the valleys, These scarps are erosion features. They do not

* indicatz the original margins of (he sheets,

Only in the escarpmenis along the eastern side of the Rift Valley are there any
clear sections of the phonn!nc series und most of them are outside the arca. The hest
secl:on within the area is in the scarp west of Amaya_Trigonometrical }’ﬂulL_mhm_

"about 850 feet of phonolites are exposed.

On the plateau, the few fows {hat are expuosed could be mapped easily enough,
but in this survey time was too short to do this properly. Such lava scarps as were

- seen were sketched on the map, which gives a general idea of the disposition of the
several sheets.

‘The lowest flow, seen around Lake Kisima, on outliers south of the Karissia Hills,
and near Kirimun, is a dark fissile phonolite, with very scarce phenocrysts. It flowed

into hollows in the previous fand surface, and consequently cutcrops discontinuously.
. The sheet above has few small biotite flakes, and conspicuous crystals of glassy

" anorthoclase and greenish nepheline in a fissile greenish base. There are probably

: several sheets of 1i1|s type. Above is a flow (or two flows) in which biotite is nbsent

. or scarce; in its place there are small black prisms of pyroxene, which are inconspicuous
© bt can uvsually be seen on the wcathgrcd surfaces. This is the highest flow exposed
' gver large areas. Towards the south,

: it seems to be overlain by another sheet with
biotite {lakes, but no clear contact was seen. A sheet characterized by anorihoclase
phenoerysts up to 1% inches long, with nephelines and biotite flakes, underlies the
one with pyroxenss in a small area al the south-east of the plateau. Such details as

were noted are marked on the 1:125000 manuscript maps,

Exact correlation of this succession with the Amaya section was not made. It is

' glear that there are more flows at Amaya than on the plateau, or along its castern

[ETT——

. margin, Not all the shects seen at Amaya flowed far encugh east to be exposed again,

In Laikipia borchole records “old land” and scdiments are frequently recorded
betweon the phonolites, These were not seen during the present work. This may be
parily due to the lack of continuous natural sections. The solid favas tend to outcrop,
while any soft beds between are concgaled. The mere presence of the scarps is an
indication that there are some more easily eroded horizons between the massive lavas.
But it is thought from the available evidence, that the thickness of *old land™ and
sediments is exaggerated. Some borchole aampies were examined and it was found

. that some of the materials recorded as “oid land™ are of glassy lava, cither fresh or
‘ very little weathered. They no doubt represent the surfaces of the flows. In several
?-con{asl exposures studied, the enly indication of the passage from one flow (o the
- pext is a few feet of highly vesicular and soft phonolite. At Amaya, no tuffs were
1 seen.  Unfortunately many of the borehole samples have been thrown away, and the
. sampling has in any case often been unrcliable. Much information that could have
: be&n useful in any systematic boring programme has been lost.

The Rumuruti Phonolites nowhere outcrop east of the Uaso Nyiro after it flows

off thcm n{)ﬂh"west uf Ndnyuh Prob'lbly !he course oi' the river was dclc:rmtned by
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the original margin of the phonolites, where their easterly flow was barred by the foot-
hills of the Loldaikas. Much further north, the Karissia Hills also blocked this eastward
flood of lavas. Between the Loldaikas and the Karissia Hiils, however, the lavas spilled
through the gap as is shown by the curiously sinuous ouilier between the Uaso Nyiro
and the Seya, and by various smailer outliers. All these outliers lie on a surface so
regular, that standing on it, for instance at the extreme outliers of Nanteddu or Lower-
mut, and looking back, one cam sce no devialion from the evenness of the surface,
At Nanteddu, the phonolite rests direcily on a planed surface of gneiss, Along the
western side of the main outlier, there are up to 70 feet of sediments under the lava,

The sub-voleanic surface now slopes eastwards owing to subsequent tilt; its
elevation is about 4,380 feet at Nanteddu, 4,450 feel at Lowermut, and about 4,600
feet on the small hill west of Ngororr (see Fig. 2). West of this, the hills rise suddenly,
and the lowest lava in the Seya valley, only six miles from the nearest of the ontliers
of the plains, is al an elevation of ubout 5,300 feet. The irregular sub-volcanic surface
here and the even more irregular surface under the sediments at the Seya and along
the eastern edge of Laikipia, are in striking contrast to lhe peneplained surface beneath
the eastern outlters. The drop of the lava base from the upper to the lower level is
taken to show that the lava spilled over the lowest part of an old Karissia-Loldaika
Range which everywhere rose above the pencplained country to the east. The alternative
explanation, that lavas of the two areas are at diffcrent levels owing to a faul, is
rejected because of the contrasted nature of the sub-volcanic surface, the absence of
any regular fealure on the ground which could be mapped as a fault, and because
further north, at the other end of the Karissia Hills, where the phonohtes again over-
flowed the Loldaika-Karissia barrier, they extend down to an efevation of about 4,500
feet (at the northern edge of the map), and are certainly not faulted.

Petrography —Microscopically ali_the Rumuruti Phooolites collected in the area
are even more similar than would be supposed in the field. Except in the very fine-

gramed varieties where the various sodu amphiboles and soda-pyroxenes either have not
crystallized or are too small to be determined, the mineral composition of the ground-

“mass of the rocks is very regular and such differences as there are in the phenociysts

seem to have little significance. The minerals of the groundmass are aegirine-augite,
aegirine, kataphorite, cossyrite, small laths of soda-orthoclase (not specifically deter-
mined), abundant minute nephelines, and analcite. The characteristic leature is the
abundance of nepheline and analcite. Small crystals in several slides were doubtfully

identisicd as sodalite. There are phenocrysts of anorthoclase and nepheline in nearly
all the rocks. In many there are also plates, | to 2 mm. in diameter, of biotite, in
others there are small phenocrysts of pale green augite, edged with aegirine-augite,
Zaveral have small phenocrysts or microphenocrysts of magnetite, often associaled with
amme and pyroxcne phenocrysts. Some “ghost crystals” made up of magnetite and
aegirine seen in cne slide appear to represent resorbed biotites. The presence or absence™
of biotite may thus be of lint'e significance. Glivine was not seen in any of the folty
or g0 slides examined, and blue amphibole was only seen in a single one which, how-

~ ever, may not belong to the Rumuruti Series. Magnelite is rare as a greundmass

mineral. Mineralogically as in the ficld therefore, these phonolites are easily dis-
tinguished {rom the Thomson’s Falls Phonolites discussed below. They agree with
Compbell Smith’s description of the phonolites of Losuguia type (Smith, 1935, pp..

H

236 and 237).
. (iii) Phonolites of Kapitian type

Among the phonolites in the north-west of the area, there is one conspicuous

sheet which resembles_the Kapiti_phonolite, 1t is chaﬂﬂ_mwm_pmm

_erysts _several ceniimeters long and rhombic in cross-section. Some are joined in
“eruciform twins. MNepheline phenccrysts are inconspicuous _or absent. The bnlqc is
greenish-grey and fissile. .

Microscopically these rocks correspond to _the Kapiti phonolite as deseribed by

Sikes (1939, pp. 15 and 16, and Pl llld) In some shde» there are small phcnocrysls
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of pale green augite, and microphenocrysts of olivine. magnetite and apatite. The
groundmass, which has the intersertal texture described by Stkes. consisis essentially
of soda-orthocluse, diopside, acgirine-augite, acgirine, kataphorite. cossyrite. magnetite,
nepheline, analcite, apatite (scarce), arfvedsonite (scarcel. and olivine.

This type of phonolite was seen at various places from Tuwana Hill 1o a point
about three miles north of Losiolo. The outcrop indicuted on the map is continuved
further south-west, as the flow can be followed by eye ulong the chiffs there, Precisely
similar lava was found on the top of Lamerok Hill, near the Baragoi rousd, north of

the limit of the area.

It is not supposed that the sheet or sheets of Kapiti type phonolites are exactly
the same age as the Kapiti pbomhle of the type area. There is good reason to belicve
that they are somewhat younger since they overlie the Sumburu Busalt Series, and are
at or above the top of the Rumuruti Phonolites, whercas the Kapiti phonolite is at
the base of the Nairobi sequence and near Fort Hall underlies basaluc asglomerates
which are correlated, through the Nyeri district, with the Samburu Series. 1t is therefore
clear that the Kapiti type of phonolite is not restricted to one horizon.

(iv) Losiole Phonolites

North of Lorogi, the Rumuruti Phonolites arc overlain by another series of
phonolites. No sharp separation between the two grougs was observed, and they were
therefore not separated on the map. The upper series is best exposed (sce Pl 1, Fig. 1
and Frontispiece) on the precipices west of Losiolo after which it is named. The domin-
ant rocks are dark grey fissile phonolites, cither non-porphyritic, or with scattered anor-
thoclase phenocrysts less than I mm. long. Neither nepheline nor biotite phenocrysts
were seen. In the cliffs west and north of Losiolo a very large number of thin flows are
exposed. The tops of the flows are pumiceous, and sometimes weathered 1o a yellow
or reddish earth, but intercalated tuffls were not seen. The whole senies recalls the
Thomson's Falls Phonolites of the south-west part of the arca and may be the same age.

: Microscopically, I?MMNWMUMLM_ :
-_Smith (1935, pp. 229~ 36). In several of the slides there ure microphenocrysts of pale

green augite. The constituents of the base are aegirine and acgirine-augite, cossyrile,
. kataphorite (Z/c, 25°), magnetile, soda-orthoclase, minute cuhcdral nephelines, and
interstitial analcite. The felspars are fluxionally arranged. A little reddish-brown biotite

was noticed in one slide.

(v) Thomson's Falls Phonolites

In the south-west corner of the area, the Rumuruli Phonolites are overlain by
another series of phonolite flows of a different type. These are here called alter
Thomsoa's Falls, where they outcrop characteristically.

The lavas of this Series are uniformy. They are fissile along the flow pluncs. which
are conspicuously twisted and irregular, and resemble the Nairobi Trachyte in this
respect. Small anorthoclase phenocrysts can always be seen, and arc often stained
yellowish or brownish. The only other phenocrysis noticed in the ficld were very small
and scarce yellowish olivines. The colour of the fresh rocks is grey, more like a basait
than a phonolite, Weathering bleaches a thin surface layer and produces a brownish

surface film.

There are many flows of this type of lava. Along the Nyeri-Thomsen's Falls road,
west of the Pesi Bridge, at least seven lava scarps are ascended. At the cast side of
the Pesi, near the same road, a basalt crowded with plagiocluse phenoerysts underlics
the lowest of the Thomson's Falls Phonolites. It is similar to the Kijabe type basalts of
the northern Aberdares (Shackleton, 1945), and is undoubtedly one of that series.
Elsewhere the Thomson's Falls Phonolites overlie the Rumuruti Phonolites. The
Thomson's Falls Phonolites are themselves overlain by the Laikipian Basalts, and by

some m;_tic'ttﬂn.
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Petrography—The microscopic features of these rocks are very comstant. The
phenocrysts of anorthoclase are tabular paraliel to 010, their angles are rounded and
they enclose minute specks of other minerals in their outer zones. More than hall the

- slides have small phenocrysts or microphmocrysls of pale green augite and magnetite.

Fayalite phenocrysts werc noticed in several shdcq, and small apatite needles are
Occas:onally assoc:aled with it.

: 'I‘he ba:.c has small plates of orthoclase usu.ﬂ!y 0.2 mm. and less in length.
In most slides they have been oricnted during flow. Small euhedral ecrystals of
népheline (0.7, 0.4, 0.3, 0.2, 0.1 mm. diam. in different slides) are outlined by growths
of dark minerals; they enclose felspars and other minerals of the grouudmase but have

distinct crystal faces.

The dominant dark mineral is aegirine or aegirine-augite; cossyrite is subordinate.
Half the slides contain a little amphibole with pleochroism in greenish-blue, mauvish
and pale greenish-straw. Kataphorite also occurs in some of the slides. The majority
contain some inferstitial analcite, or zeolite derived from it. Specks of magnetite arc
scatiered through nearly all the slides. In two of them, poeccilitic fayalite was recorded.

_ (vi) Moumt Kenya Suife
Only the northern fringe of the volcanic rocks of Mount Kenya is included in the
area, but the chiel lava types so far recognized on the mountain are represented, and
their mutual relations can be determined, so that the area although small is an
tions mst be regarded as provisional. -
The rocks that make up this part of Mount Kenya are: —
(a) Fissile phonolites (Ph,)
(b) Blocky phosolite (Ph))
. = {¢)Kenyte and Kenyte agglomeréies (K and K
(d) Fissile “basalts™ (B,) )
(¢) Rocks of the parasitic cones (B,

'-'The symbols are those used on the map.

(@ F issile Phonolites: —Greenish-grey and grey fissile hwas, ‘with minute felspars

"glistening on freshly broken surfaces, and a few small glassy anorthoclase phenocrysts, |
- are the chief rocks of an area between Nanyuki and Timau, There are a large number !
“ef thin Aows. The half dozen that were sliced are all phonolites. The phenocrysts are !
anorthoclase, with faint polysynthetic twinning, and have inclusions crowded in an
_euter gone, Small Iﬂ}cnocrvsls or microphenocrysis of fayalite were noticed in most of °
ke rocks, and some also of ore. The base consists of trachytic plates of felspar,

_ important one. As only a few slides were made, and hurriedly examined, the identifica-

i

prohably anorthoclase, with cossyrite, kataphorite, aegirine-augite and zegirine with _
their usual mossy and poecilitic form or in minute formless shreds. Very small eshedral

nephelines were found in some of the rocks, and mlersm:al analcite in all of them.

.(}re specks and apatite are accessory.

_ The limit of these lavas to the east was not accurately determined as they were

- not always distinguished in the field from the fissile “basalts™ (B.), although they are

aot difficult to recognize. Their distinctive features are the greenish-grey colour,
fissility and small anorthoclase phenocrysts. Olivine is often seen. The fissile phono-
lites underlie the Kenytes and associated blocky phonolite. It was not discovered
whether they are older or younger than the fissile “basalts.” )

(&) Blocky Phonolite~—South and south-west of Timau there is a blocky greenish
phonelite, with phenocrysts of anorthoclase and nepheline. It underlies kenytes and
overlies fissile phonolites. In one place a ﬁssﬂe phonoh[e was seen between two flows

of ﬁie blocky phonulne - s
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In slides fonly three were made), the phenociysts are seen to be anorthoclsse and
nepheline.  In one specimen there are also phenocrysts of layalite. in another. bolite.
The groundmass has the usual soda amphiboles and soda pyroxenes of 1he Renya
phonolites-—cossyrite, kalaphorite and acgirine, with ortheclise plates and  ~mall
nephelines.  There is probably residual analcite in all three racks,  Apatilc wnd ore
were also noticed.

(¢} Kenvte wid Kenyte Agglomeraies—The name Kenyte was given by Gregory to
the rock which forms the outer part of the plug of Mount Kenya (Gregory. 1900, p.
209). He applied the same name to the similar lavas which forin much ol the higher
part of the mountain. Campbell Smith (193], p. 242) has shown (hat Gregory's
description of the rock was misleading. as it omitted to mention nepheline as one of
the chiel minerals in the rocks, Tho type rock contains both anorthoclase and
nepheline phenocrysts. It is thus a variety of phonolite. The abundant Jarge anortho-
clase crystals, usually with the rhombic habit. are characteristic.

Rocks essentially the same as Lhe type kenyle occur as lavas and aggiomerates
within the area. FThe agplomerates are subordinate.  Kenyle Java outerops at various
places but the outcrops are probably all at one horizen and may represent only a
single flow. Exposures are generally poor and il is often diflicult fo be sure whether
the rocks are in sirn, becanse they weather into huge rough round masses, some of
which have moved u considerable distance down the sfopes Irom their outcrops.  Such
masses can be seen lor instance in the Nanyuki River below Nanyuki.

The kenyte sheet is discontinuous, Where jt-is absent, the horizon is in several
places marked by agglomerates full of kenyte blocks, us between the Sirimon and
Kararu rivers. Kenyle agglomerale also caps a hill about 10 mifes N.W. of Nanyuki.

The kenyle in some places (south of Timau) overlies the blocky phonolites (Ph))
and elsewhere the fissile phonolites (Ph,). Just across the Liki from Nanyuki the
kenyte is itself appurently overlain by a fissile lava’ which was not sliced but is probably
a phonolite. - ) : -

(ef) Fissite “basalts,"-——These are dove-grey or neutral grey rocks; they are fissile
and minutely glistening like the fissile phonolites, but the only phenocrysts scen were
of olivine. The slides show that a range of types are included i the grovp. The
fluxionally arranged felspars are plagioclase, varying from labradorite to oligoclase
in different slides. Residual orthoclase was identified or suspected in moslt slides, and
analcite in a few. The augite in some of the slides is greenish, in others purplish and
titaniferous. Olivine also is variable, It may be either colourless or distinctly
coloured and ferriferous. Magnetite, ilmenite, and serpentinous material were noted.

: These fissile “basalts” are mostly thin flows, ten feet or so thick. They dip nearly

parallel with the slope of the ground, Between the flows. layers of reddish earth are
sometimes found. One such earth, from a waterfall on the Katuri river 4 miles S.E.
of Timau was partially analysed to determine whether il was bauxitic. The analysis
showed that it is not; it is essentially a mixture of ferric hydroxide and clay. The
analysis showed: —

Si0, 36.40
Fe,0, 15.54
A1,0, 26.02

(Analyst, Miss A, F. R. Hitchins, Chemist and Assayer, Mining and Geological
Department.)

The source of the fissile basalls was not determincd. It is possible that some
were erupted from the parasitic cones that are a conspicuous feature of the area where
they occur but others appear to underlic the kenyte and blocky phonolites, and if so
" must be considerably older than the parasitic cones. Until the different types of lava
: that are included in the group have been separated and mapped, their age and relation-
" ships cannot usefully be discussed.

47
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(¢) Rocks of the Parasitic Cones.—~Many parasitic cones stand like pmples on the
* fower slopes of Mount Kenya, in the south-east part of the area, and outside it {sce

Fig. 9.
: Nyarbem Q;zngz LEnEsa vicar
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?_.'.:_‘: FIG. 9 _
1 " Purasitic cones on the north-easlern slopes o,_( Mt Kenya
(@) View north-eastwards from Lcngali!lai 'MﬂjOf . Ten cones are shown.

- ~ (h)(f) Closer views of cones near Lengalil'a Major. Their positions in re-
B T ~ lation to this point, and directions from which they are sketched .
e . ___-are: (a) 3 miles N, 35° E.; from S.W. () 13 miles N.E; from E.
- (¢) 4} miles N.-75° E.; from E. () 4 mile N.E.: from ES.E.’

_(e) Same hill as (), from S.E. |
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, ! i Most of them still have their craters preserved although crosion has destroyved their
5 ! sharpness and the inner walls are now usually grassy or rock strewn slopes, seldom
i ] i very steep. Both tffs and lavas make up the cones.

i £ Only two of the lavas were sliced. One is an olivine basalt with zoned and

' slightly sedic titaniferous augite, fresh olivine, and basic plagioclase. The other, a
fissile vesicular dove-grey tock collected on a ridge among the groups of cones aboul
¢ 3 miles S.W. of “Lengalilla Major™, consists of orthoclase, ore, acmite (?), brown

. dusty pleochroic apatite, and analcite.

TR,

. Near the eastern edge of the map between the Raputhu and Morania streams,

there is a very recent-looking flow of olivine basalt, with a rough surface, which was
i traced back to a small cone S.E. of "Lengalilla Minor™. Ridges reveal the obstruction
{ to the flow, where it streamed round an older vent.

: The reddish earths, which elsewhere contain Kenya IFauresmith and Levalloisean
. artefacts, sweep up the lower slopes ol the parasilic cones, which must therefore be
' not later than Lower or possibly Middle Pleistocene in age. The preservation of
' the craters of the cones suggests ihat they are not much older.

(vi) srachyiic Tuffs

Pale trachytic pumice tuffs outcrop at a lew places in the south-west part of the
' area, near the Pesi and Suguroi rivers. The Pesi outcrops are chiefly interesting on
. account of some diatomite bands intercalated in the tuffs. The diatomites, of which
" there are several, arc only a foot or so thick, but fairly pure. They occur among
 stratified, and in places current-bedded grey and cream-coloured trachytic tuffs, which
- rest unconformably on the Thomson's Falls Phonoliles. A more massive tuffl of the
" same series is quarried for building stone ncarby. The diatomites arc evidently

lacustrine.

The Suguroi trachytic twffs are at or near the basc of the Laikipian Basalts; one
. flow of basalt appears to scparate them from the underlying phonolites. The tuffs re-
" semble those near the Pesi, but contain no diatomites. They also have been quarried for
building stone.
(viii) The Laikipian Basalls
In the southern part of Laikipia the Rumuruti and Thomson's Falls Phonolites
" are overlain by basalis—the Laikipian Basalts of Gregery (1896, p. 231). Other basaltic
" rocks in other parts of the arca are also included in the Series, as although their age
- cannot be precisely determined, they are similar in character and in their relation to

. erosion surfaces.

: Gregory believed that the Laikipian basalis rest unconformably on the phenolites;

the inierval was supposed to be represented clsewhere by the “Nyasan Series™. The
: pnconformity between the trachyiic tufls ncar the Pesi River, and the underlying
: Thomsen's Falls Phonolites, implies a long interval, when the Thomson's Fall Pheno-
. lites were eroded. There must therefore have been a still longer interval between the
! eruption of the phonolites and the Laikipian basalts which overlic the trachytic tufls.

(a) Southern Laikipia Basalis—The Laikipian basalls of the type area, at the
! sguthern edge of the area dealt with here, and outside il, are heavy dark basaits which
" are usually either non-porphyritic or contain small altered olivines. A good section is
" exposed up the sides of the Suguroi valley near the Nanyuki-Rumuruti road. 1t shows
| a number of basaltic flows, vesicular at their surfaces, with litlle or no interbedded
tuff. The depth of the Suguroi and other valleys eroded in these rocks—several hundred
feot cut into solid rock—proves that they canuot be younger than Lower Pleistocene
in age, and they are probably pre-Pleistocene. )

In the basalt area of southern Laikipia there are a number of small isolated hills.
They consist of basalts similar to the Laikipian lavas and are old vents. The most con-
spicuous is Sirrimma Hill on which there_are stecply dipping red basaltic pumice and
Japilli tuffs as well as basaltic lavas. No crater remains, although an indistinct curved

- ridge may indicate ils position. ) S

1
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. rography.—A dozen slides of basalts from southern Luikipia were exumined,

i < of them from old vents. In the majoity, small olivines can be seen by eye. and
in some, augite also. Under the microscope they show i basullic texture, and are

essentially composed of basic plagioclase (labradorite), purplish pyroxene, olivine, and
black ore specks. In half of the slides, inlerstitial analeite was recognized and in two
others, zeolite probably derived from it. These rocks are analcite basanites. Several of
the others contain- minute shreds of biotite, indicating an wlkali tendency. Apalite is a
scarce accessory. The rocks of the vents are essentially the same as those of the plains.
That from Sirrimma Hill has both biolite and analcite. Some of the rocks, amonyg them
two from vents, are heavy, contain many augite and olivine phenocrysts, and e
picritic basalts.

() l:a.r'h'pian Basalts between Mount Kenya and the Uaso Nyiro.—~Basaltic rocks
probably about the same age as the Laikipian Basalis of southern Laikipia were crupted

from vents north of Mount Kenya and in the Mukogodo-Loldaika area, Some of them :
flowed over the northern edge of those hills and across the plains below. Along part |

of its course, the Uaso Nyiro runs along their northern edge,

The vents from which these basaltic rocks were erupled, like those of southern

Laikipia, are so much eroded that their craters are no longer preserved. In this they

_ differ from the more recent parasilic cones on the lower slopes of Mount Kenya. The :
. two types are separated on the map. The sheets which spread over the plains towards

the Uaso Nyiro lic on an even level surface which is estimated from the spot heights

on the map to be about 300 feet above the Uaso Nyiro. This surface is continuous with |

an even surface further west which is tentalively correlated with the End-Tertiary

Peneplain of western Kenya, No gravels were Jound under the basalts which, at the

contact exposures seen, rest directly on gneiss. The immense length of time between
the eruption of the Rumuruti Phonolites and these basalts is very obvious in this area,

. where the isolated outliers of lhc_ phonolite rest on a peneplain seven or eight
" hundred feet above the one over which the basalts flowed.
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pt,,,-og;:aphy.-.—Thcse basalts are very similar to those of southern Laikipia. Most |

of them have olivine phenocrysis and many have augite also. Residual analcite, or |
scraps of biotite, indicate their alkalinity. Two specimens contain nepheline in the
groundmass. One of them, a nepheline basanite, (36/7) [rom near (he top of Matoni :
Hill, is a heavy dark lava with phenocrysts of olivine and avgite, in a base of purplish |
augite, magnetile, scarce biotite. a little plagioclase, und residual nepheline and analcite.

The other (28/14), from about 2} miles W.N.W. of Matoni Hill, is similar except that
it has no plagioclase, and is thus a nepheline basalt. The only other rock worth men-
tioning is a mugearite from about 4 miles SS.W. of Leragai. [t consists of flow-

oriented oligoclase plates, abundant fayalite grains, greenish pyroxene, magnetite, and

a zeolitic residuum.

(c) Basalis in the north af the area—In the extreme north-cast of the area, there -

are outliers of basali, probah!y resling on the same erosion surface as those south of

the Uaso Nyiro. A specimen from the outlier just porth of the 1 30" N, latitude line, -
is an olivine basalt with many small phenocrysts of olivine and a few of pale augite, -

in a basalnc_ groundmass, No analcite or alkali felspar was detected.

North of the limit of the ﬁiap, aboutl {wo miles west of Baragoi, another outlier

of similar basalt was found. This has small phenocrysis of labradorite and micro-
phenocrysts of olivine and augite, in a base of plagioclase, yellowish-green pyroxene,
olivine, and magnetite, This basalt must be considerably younger than the tilted
phonolites which cuicrop further west, Its relationships tend 1o show ‘that it is about

“the same age as the Laikipian Basalts of the type area,

(ix) Quariz Trachyte

In a traverse to a point near the north-western corner of the area, the edge of
a ncarly flat lava plateau was reached, after climbing up a steep slope formed of the
llted Samburu Senes wﬂ's and lhe overiymg phonelitgs. The unconform:ly belwcerl ¢



{he lava sheet of the plateau, and the tilted rocks beneath, wis obvious from far away.
In the middle of the platcau, vulside the arcu, there is a low hill, Emuruagining on the
map, which is perhaps the vent from which the lava erupted (sec Frontispiece). The
eastern edge of the platean is about 1.100 feet above the bottom of the valley to the
west. This deep valley has been ereded, largely if not entirely since the lava of the
plateau was erupted, The sheet is older than the Tault which cuts ofl these rocks along
the eastern side of the Suguta valley.

The lavu is a speckly greenish-grey trachyte, in which the only ‘crystals visible
in the hand specimen are small flakes of a golden biotite, and small crystuls of sanidine,
The slide (27/38) shows a groundmass of Moy cossyrite, acgrine, kataphorite grading
into a bluish amphibole, laths of sanidine and small poecilitic patches of quartz. The
biotite is pleochroic in golden yellows und is probably a titanium-rich varicty.

(3) Pleistocene and Recent Seperficial Deposits

Throughout the long period of volcani eruptions, crosion and not  deposition
prevailed in the region, Time intervuls in the voleanic sequence in the area mapped
are represented by erosional unconformites, rot by any sedimentary formations.  Only
since the eruptions ceased, a thin cover of earth, laterite, and in the valleys, gravel
and silt, has accumulated, These deposits can be broudly classified on lithology, into:--

(@) Silts and stratified tuffs containing biotite flakes (Uaso Nyiro beds).
(b) Trachytic pumice tulls,

(¢) “Bentonitic™ clays.

() Red and buft lateritic carths,

(¢) Gravels and boulder beds.

(H Reddish sandy soils (covering Basement System rocks),

(g) Black cotton soil.

(n Lateritic ironstone (murram).

(@) Silis and Stratified teffs (Uaso Nyiro Beds)

Greyish stratified silts, which are evidently waterlain, outcrop along some of the
valleys in the southern part of the area. The beds arc typically exposed by the
Nanyuki-Rumuruti road, near the Uaso Nyiro river after which they are called. The
most characteristic feature is the constant presence of small flakes of biotite, It can
only be supposed that these were carried by wind from the outcrops of the Basement
System rocks to the north, No fossils have been found in the beds except a few
unidentified plant impressions, but they are slightly more consolidated than the over-
lying deposits, which in places contain Acheulean and Kenya Fauresmith artefacts.
They may therefore be Lower Pleistocene.

West of Manyuki, there arc in places apparently thicknesses exceeding a hundred
feet of these deposits, which are important as a good source of water, Their extent
is not shown on the map because they are fargely concealed by black soil, or inferred
from unchecked borehole logs. Small patches of the same series of deposits were
seen in some of the valleys of southern Laikipia. They overlie the Laikipian Basalts
unconformably.

Some of the coarser beds in the Uaso Nyiro Series are just hard enough to be
used as a building stone, )
(b) Trachytic pumice tuffs

North of the periphery of the Mount Kenya volcanic rocks thin deposits of soft

and porous pale yellowish-weathered pumice wlfs occur in some of the valleys. They

have been worked in a few places for building stone. Neither their source nor their
relations to other Pleistocene deposits was discovered.

R : . (¢) “Bentonitic” clays
- Peculiar unstratified greenish-grey and purplish ciays, which have absorbent

properties and swell to two or three times their volume when wetted, occur at several
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places east of Timau. Two typical deposits are described beiow.  The deposits are
exposed in croded areas, usually under black cotton svil and were lirst noticed as “sali
licks.” Little petrographic work has been done on these so-called bentonitic clays and
their origin is not understood. The deposits are underlun by basalls of the Laikipian
Series. but similar deposits elsewhere in Kenya are asweciated with phonolites.  The
age of the Timau deposits is post-Laikipian and pre-Acheulean (Middle Pleistocene).
They are probably younger than the Uaso Nyiro beds.

One deposit known as Krieger's, which was pitted to test its quality and quantity,

is associated with an enormous number of Acheulean aiielacts. They are unfortunately |
nol in site and their source was nol determined. The ~ection ut this locality is shown

in Fig. 13. It was shown by the pitting at this locality und more especially at another
described later that the bentonitic clay could not have been deposited in water, or

' covered by water after deposition.

() Red and Buff Lateritic earths

These are the earths conspicuously exposed in the eroded areas near Nanyuki !

PP

and Timau. Erosion once started, quickly removes them and exposes the underlying |
volcanic rocks. The croded areas are continuously extended laterally, although large

cedars growing on their floors may appear to show that erosion has stopped.

Layers of lateritic ironstone, both massively cellular, and pisolitic, occur at various
levels in the earths, but more particularly near the buse There are also ashy layers,
with much powdery glassy felspar. A sequence could! certainly be worked out in 1! se
deposits with the help of the artefacts which arc Tound in them. The lowest horizon

recognized is a rich red earth, from' which at various places between Timau and -

Nanyuki, artefacts,of the Kenya Fauresmith culiure have been collected.  Higher up
in the series Levalloisean types of artefacls are found, especially in a lateritic layer.

| ‘The series as a whole appears to have been formed in a transitional zone between the

forest zone and the plains. This zone was lavoured by prehistoric man, and it also -

seems to have been more sensitive to climatic variations than the forests or plains.
The series has been forming at least since the Middle Pleistocene period.

The thickness of these earihs is not more than twenty fect and more often ten.

‘They are deposiled on a surface esscntially the same as the present one, but they
thicken towards the smaller valleys which are now being re-excavated.

A typical section of the deposits is exposed beside the Nanyuki-Timau road,
immediately east of the Liki River. This section is illustrated in Fig. 10, The grey
Lentonitic clay (A) at the base, should probably be coriclated with the bentonitic
clays of the Timau arca. The overlying lateritic earths B. C and D merge, towards
the Liki, into unstratified earthy clays containing scattered rounded and’ sub-angular
boulders up to a foot in diameter, of a variety of rocks from Mount Kenya. These
puzzling boulder clays are strikingly similar to glacial deposits, but are thought to
have accumulated by hill-creep or solifluxion.

(e) Gravels and Boulder Beds

Along the principal streams, particularly those rising on Mount Kenya, there are
considerable deposits of gravel and boulders. The Sirimon River has deposited a
particularly thick mass of such gravels all along its course. It rises on the north face

of the 17,000-foot peak of Sendeyo (north of the main peak of Mount Kenya), and -

the pebbles in the gravels are mostly kenytes [rom Sendeyo. Along the Liki and
Manyuki rivers similar but thinner gravels are scen. Far down lhe Uaso Nyiro, the
same series of gravels, with similar pebbles derived from Mount Kenya, can be recog-
nized. A scction near the middle Uaso Nyiro, elcven miles east of the Barsalinga drift,
was measured and is shown in Fig. 11, - - :
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{ S—Recent Silts,
L. - 1-8—U pper Pleistocene (Gamblian Pluvial) deposits : —
P : (3) Cross-bedded tuff. : i
i (7} Gravel. !
[ (6) Drab-coloured loam. |
(5) Gravel.
. (4) Laminated and cross-bedded grey wuff.
. (3) Drab-coloured loam. :
A (2) Cross-bedded silts and gravel, with hiotite flakes
N {11 Brown {oam.

M—Basement System Gneiss.
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! This section is of interest as it yielded many artefacts and verlcbrate remains, which
. according to Dr. 1. S. B Leakey. are typical of the deposits of the Upper Pleistocene
i Gamblian Pluvial period. The gravels were obviously deposited at a time when the
i rivers were far bigger than they are now.

() Reddish sandy svils (covering Basement System Rocks)

The distribution of these deposits is shown approximately on the map. They are
sandy, reddish and yellowish in colour and vary in grade according to their position.
Some are fine-grained and stand in miniature vertical cliffs along the sides of gullies
eroded through them. This weathering is suggestive of loess but the deposits nearer
the hills are coarse and merge into talus. The finer-grained loess-like deposits may

have been partly wind-borne. Most of the material has probably been moved, over
a very long period of time, by hillcreep and rainwash. The maximum thickness of :
such deposits is hard to judge: on the plains it is probably nowhere over fifty feet and °

i generally less, but at the foot of steep hillsides, it might be expected to be more.

() Bluck cotton soil

The black soils of this arca are similar to those well known in many parts of
Kenya. Their distribution is partly indicated on the 1:125000 manuscript maps. They

are found covering both basaits and phonolites, but are seldom developed on the |

Basement System rocks. The chiel determinant in their formation is bad drainage.

(i) Lateritic Irpnstone (murram)

: Except as layers in the red carths ({d) above) ironstone is poorly developed in
the area. It was noticed in cerlain parts of northern Laikipia. None was seen on

Basement System rocks.

VI—PHYSIOGRAPHIC AND STRUCTURAL EVOLUTION OF THE AREA

: The structures of thé Basemenl System rocks have alrcady been discussed. The
i structural and physiographic evolution during later periods may be considered under
the following heads:—

1. Crelaceous Peneplain.

. Sub-voleanic surface and the Sub-Miocene Pencplain.

(]

. Post-Miocene disturbances.

3
4, End-Tertiary Peneplain.
5. Pleistocene Rift Valley Faulting and Tilt.

- T‘he general sequence of events is summarized in the correlation table, p- 3 and
Fig. 8, facing page 26.
E (1) Cretzcecus Pencplain

As in various parts of Kenya. the highest rountains formed of the older rocks
rise to an even summit level which is clearly the relic of an old peneplain (see PL 11
In this area, (his erosion surface determines the summit level of the Karissia Hills,
the Matthews Range, and part of the Loldaikas. It is gencraly supposed to date from
the Cretaccous pericd or it may be Jurassic. The even skyline of the Matthews
Range is best appreciated from the west. It is broken by two deep transverse gaps.

Approaching the Range from the wesl, one cncounters a series of hills and paraflel -

{ ridges, the height of which increases towards the Range. The castern side of the
. Range is entirely different. 1t drops in precipitous rock faces, as much as 4,500 feet
in a distance of two miles (see PL 1I, fig 2). It does not however form a straight
© escarpment: the precipices and steep slopes curve irregularly round each of three great
* embayments, and along the sides of the mountainous ridges which jut out from the

main Range between them.




47 ‘The precipitous faces have been developed by crosion.  There is no suggestion

of faulting on cither side of the Range. and n is clear that neither the Matithews Range !

peneplain nor the others discussed below could be explained as uplaulted parts of the
Miocene peneplain.

1
i

The counterpart of the Matthews Range pencplain is seen in the cven summit |

level of the Karisvia Mills. This is scen most clearly from the cast. The castern side
of the Karissin Hills, like the Matthews Range, is irregular in plan. Here again the
escarpment must be the result of ¢rosion and not faulting.

sharply, and then south of the Uaso Nyiro. rises again. This rise is gradueal and
uneven. Not until the southern part of the area, in the Loldaika IHills, is there any
clear suggestion that the summits approach the old erosion level. There, scveral paraliel
ridges reach to about the same height and when scen from a distance, from the west,

it is apparent that they are close to the old peneplain level.

South of the Karissia Hills, the level of the surface of the Basement System drops |

Still further south the peneplain has not been recognized until the Mua Hills, |

whose level skyline is conspicuous in views from near Nairobi. .

" Present elevation of the Cretaceous Peneplain

The summit level of the Matthews Range is aboul 7,500 feet. The Karissia Hifls

south-east suggesting a till, but it is possible that the north-western area remained
must be somewhat below the level of the original surfuce.

{2) Sub-voleanic Surface and Sub-Mipcene Peneplain

it is still impossible to predict, in mers than « very general way, its present elevation
" beneath any particular point on the volcanic cover.

A datum level is given"-:'w_ the base of the Miocene sediments and phonolites of

rise to about 8200 in the north-west, nearcst the Rift Valley and about 7,500 in the .

above the peneplain. [n the Loldaikas the smmit Tevel is nearly 7.500. These levels

The form of the surface on which the volcanic rocks rest is highly uneven and

| the outliers cast of the Karissia Hills. This surface, as already shown, is remarkably
even. The outliers may follow the courses of pre-volcanic rivers, but if so, the rivers !

! flowed acress flat country. since the sub-volcanic surface merges into an extensive

kl

i dissected peneplain further north. This is presumably the Sub-Miocene Peneplain

| ments and phonolites.
This peneplain has not been definitely recognized clsewhere in the arca; the

|

5

1

!

| (Shackleton 1942) since it is the lowest erosion surface covered by the Miocene sedi-
| :

i

i

i whole stretch of country from the Karissia Hills lo the Loldaikas stood above it. The

{

k lavas flooding eastwards from the Rift Valley region, filled up to the fevel of this
i barrier and flowed over it north and south of the Karissia Hills, so that the form of .
" the sub-volcanic surface on the waestern side of the barrier can only be surmised. But

the manner in which the Rumuruti Phonolites overstep the older basaltic rocks exposed

g in the lower parts of the marginal scarps of ihe Rift Valley, shows that the sub-

| voleanic surface already sloped downwards towards the arca now occupicd by the Rift

' standing now at about 5,700 fect. The reason for this regularity appears however

";I-“,? the western slope of the Karissia-Loldaika axis.

1 |

| Valley before the eruption of the carliest known volcanic rocks, Whether this slope

.! was merely the descent from the Karissia—Loldaika axis towards another area that

! had been reduced 20 the Sub-Miocene Peneplain level, or whether it was a tectonic

! depression, is unknown.

’ The Sub-Miocene Peneplain casl of the Karissia Hills slopes eastwards. it rises
¢ from 4,350 feet at Manteddu (the south-casternmost phonolite outlier) to about 4,600

| feet near the River Seya. The Crelaccous Peneplain is thus about 3,000 feet higher
é; than the Sub-Miocene Peneplain. -

| 4]

At first sight the rather consistent level of the base of the phonolites aleng the
. eastern cdge of Laikipia might be taken to show that the lavas rest on an even surface,

' to be that it represents the level which the highest phonolites reached, as they flooded
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(3) Post-Miscene Disterbances
In the northwesi of the area. the Samburu basaltic Seqwes and the overiying phono-!

~lites are tilted and fauited ana are overfain uoconformably by o nearly flil sheet ofi

quartz-trachyte, which is itself rautside the aical broken by ater Taults. The Lilting;
and dislecation of the older ro ks cannot be dated bub i probabiy, post-Miccenc and}
may be tentatively corrclated with the uphift which starizd a new cyele of erosion, and’
initiated the base level represenicd by the End Tertiary Peneplam ol the Uaso N}imi
basin (sce below).

The cffects of these post-Miceene disturbanees have only been recognized in lile;;
north-west part of the arca. There the older yolcanic 1ocks have been bent, along al
monoclinal flexure (the Samburu Monocline) (rendmg shightly cast of north. The older |
voleanic rocks dip gently W.N.W. just cast of the flesure. but as it s crossed, the dips:’_.
increase suddenly to as much as 257, and continue al nearh thes angle for several miles
across the strike to the edge of the arca fand considerably beyond.

There is also some minor (aulting, near the monochnal anis Paults seen in the
gorges traversed are nearly vertical. except for one which s u normal fault heading
457 N.E. The throw of these faults 1s simall, perhaps 20 o 50 fect. _ i

(%) End-Tertiary Pencplain

In the Middlc Uaso Nyiro Basin, there i on well-mubed erosiop sprfage some ©
300 Teel above the level of the Uase Nyiro. I i most ebhyions af the bise of the
basalt sheet which covered it south of the Uaso Nvyiro, but the same surface can be
traced back towards the Karissia-Lolduika barrier. It may ale be represented by the
sub-basalt surface in the north-east of the arca. ’

In the Uaso Nyiro basin this erosion surface now sibpes castwards. The drop is
about 700 feel in 35 miles. from near the mouth of the Liso Nyiro gorge, 10 the lava
base at the eastern edge of the area. It is probable that some parl ol this slope is |
original since the levels suggest that contours drawn on the surface would now curve |
in a way which could hardly result from tectonic movements alone. The peneplain
probably merged into a gentle slope towards the foot of the curved front of the Karissia-
Loldaika barrier. ' '

No gravels were seen on this pencplain,  In this respeet it differs from the “End-
Tertiary Peneplain®™ of western Kenya (Shackleton 1942} to which. however, it corre-
sponds very closely in its height above present river levels and its relation to the
Miocene sediments and volcanics. 1t is therefore tentatively correlated with the surface
mentioned, and attributed (o an alteration in base level conseyquent upon the same s
major cruslal disturbances, '

(5) Pleistocene Rift Valiey Fauiting and Tilt

The main fault scarps of the present-day Rift Valley of Kenva are supposed (o
be of Pleistocene age. No faults of this afe have been distinguished in the area, but
much of the regional tilting of the plateau lavas and Sub-Miocene and End-Tertiary
Peneplains, probably occurred during this tectonic phase. The ull of the End-Tertiury
Pencplain is about 15 or 20 fect per mile and that of the Suh-Miocene Peneplain is
about the same: most of the tilt was therefore presumably Pleistocene.

i 1
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VII—ECONOMIC GEOLOGY

The reconnaissance survey has not revealed any mineral deposits of importance,
nor are the gealogical conditions anywhere in the area such that intensive prospecting
is thought worth while. The following notes on the occurrence of certuin minerals
and rocks may. however, be ol use. The relution of the geology to water supply
problems is also discussed.

(1) Mica

Over most of the arcit, the only pegmatites arc irregulir leaticular segregations in

which no

commercially useful mica can be eapected.  Only in the northernmost pari

were crosscutting pegmatites of any size scen,  in several of these, books of mica up
to about 4 inches in diameter were found but in all of them the mica was crossed by
close fractures which rendered it valueless.  Stmilar mica was seen further noith around

(2) Molybdenite

A series of thin guariz veins cartying a little molybdenite and some pyrite were
discovered near Kweribe waterhole, north-west of the Karissia Hills. The veins are
only a few inches thick, and occur in biotite gneiss. The molybdenite forms flakes up
to about 3 or 4 mm. in thickness and 1 em. or so in diameter but the proportion of
molybdenite is so small that the deposit cou'd not be regarded as worth further pros-
pecting, even when molybdenite was in exceptional wartime demand.

(3) Sillimanite

Lenses of almost pure sillimanite rock occur as segregations in the sillimanite
gneiss near the Losigirechi watercourse. The quantity of sillimanite available is un-

_likely to be more than fifty tons and is probably luss. Owing to the difficulty of

working, prohibitive transport costs, and the small amount available, the deposit is
not considered to have any commercial value.

(4) Beryl
Crystals of beryl occur rarely in pegmatites in the [Marissia Hills and further north-
east, The quantily js negligible. The crystals are not clear and could not be marketed
as gems.
(5) Copper
Traces of copper were seen in some of the hornblendic gneisses in the north of
the area. -
' (6) Limestone

Large quantities of crystalline limestone are availablc at most of the places where
this rock is indicated on the map. The percentage of magnesia in them has not been
determined but they would doubtless be suitable for burning for agricultural or build-
ing lime. The local demand is, however, insufficient to justify erccting a kiln. |

{7) Beatonitic Clay

A sample of material from a salt lick some 14 miles N.E. of Timau was sent
some vears ago to the Scott Agricultural Laboratory, where it was identified as
bentoritic and passed on to this Department. Laler, when interest was taken in the
deposit it was decided to prospect it by pitting, Other deposits in the surrounding
area were prospected at the same time. '

Two localities showed considerable quantities of the material; one “Parminter’s,”
about 14 miles north of Matoni Hill Trigonometrical Point, and the other “Krieger's,”
24 miles W.S.W. of it

The deposit is similar in each place. It is an unstratificd and remarkably homo-
geneous greenish-grey and chocolate-coloured clay. It feels soapy in the hands, and
breaks characteristically on slickensided irregular slip-planes and cracks which traverse:
it in all dircctions. Dendritic films of manganese oxide have been deposited in the
cracks. When immersed in water, this peculiar rock swells rapidly to two or three
times its dry volume, and falls to a flocculent mass of sticky clay. -

)

The geology of “Krieger's” deposit is illustrated in Fig. 12. The locality is a few
hundred yards fromy a stream, which flows down a shallow Rattish valley. The clay is
exposed in an croded area where it had been caten by cattle in a salt lick. Pitting of the
deposit showed that its thickness in places exceeds thirty feet and it underlies an area
at least a quarter of a mile in diametor. | |

The clay often rests on olivine busalt or on basalt stones which no doubt rest

“on the solid lava. In other pits it is underlain by a layer of brownish-grey earth with

yellowish mottling, which does not swell appreciably in’ water and is not very plastic
when wet, It contains lava stomes. The clay itself is homogencous except for the
differences in colour. The greenish-grey and chocolate types alternate, apparently
irregularly, Congretions of “kunkar lime” have formed in the upper ten feet or so
of the deposit. In some pits there is an upper layer of redeposited material, which is
similar to the clay bencath, but contains lava stones and fragments of other rocks. At
the western side “of the area, the clay is overlain by a light-coloured tuff containing
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On the fAoor of the croded area where the deposit was found there are immense
numbers of stone arlefacts of Acheulean type. Fossilized bones occur with them.
The only artefact found in sire was in the redeposited top layer of the clay. Had the
artefacts been derived from the primary clay depasit, some would surely have been
found in it. in the series of over forty pits, which however, only showed a few soft
and indeterminable (ragments of bone.

The geology of “Parminter’s” deposil is similar to Krieger's in that the bentonitic
clay overlies olivine basalt (see Fig. 131 The locality is, however, on the side of a hill,
and it is quite clear that the clay has not been deposited in waler.

Investigation into the nature and origin of the material have nol been completed.
Its composition is shown by two analyses:—

—— e e = - — - -

I It
Ri0z- : 5166 | 4031
Al=01 . 14-97 1500
TiOz ) 0-64 (Not det.}
«  Fea03 7-49 19
(a0 - 1-58 2-21
MO ; : 201 2.09
Ke(Q . . 1-98 1-15
Naz0) : . 1-51 3-41
P05 . . 0-06 (Trace)
'Oz . 0-40 1:70
H20— & 11-88 11-88
20} i 5-71 545
Mn0O - . 0-04 . {(Not det.)

e E sm e ———

. I.—Sample sent L__\.'- Mr. A. Douglas, Krieger’s Deposit. Anal. Tmpoerial Institute.
11.—Sample 6846, Krieger's Deposit. Anal. Miss A, ¥. R. Hitclins, Chemist and
Assayer, Mining and Geological Department, Nairobi.

The mineralogical composition is under investigation in London. A preliminary
report suggests that the clay mineral is an illite type. The hizh alkali contenl is notable.

Besides the clay mineral, there are coarser clastic grains. Among these quartz,
microcline, albite, orthoclase, zircon, apatite, rutile, epidote, garnet, hornblende (green),
biotite, aegirine (?), and magnetite were identified in samples from Krieger's deposit,
Evidently these minerals were mostly derived from the Bascment System. As no drainage
system could plausibly be postulated by which this material could have been broughi by
streams 1o the locality, it can only be supposed that it was wind-borne. In a sample from
Krieger's deposit the clastic grains amouanted to 5% per cent of the rock.

The origin of the deposit is doubtful.

(8) Evilding Stone

Stone suitable for building is rather scarce in most parts of the area. Near Timau
and Naoyuki the trachytic pumice tuffs (see above p. 40) which oulcrop in some of the
valleys have been used, and trachytic tuff has been quarried along the Suguroi valley.
The Uaso Nyiro beds have been used in a few places, for instance near the confluence of
the Uaso Nyiro and Burguret Rivers. .

) (5) Weter .

The application of the geological results of the 5-.J'weJ to water supply problems is
considered below. As lithology is in this area a more imporiant controiling factor than
sl.rfucture. the remarks are arranged under the headings of the formations to which they
refer.

The Basement System

In the areas of Basement System rocks, the run-off is smaller, and percolation
proportionately more than on the volcanic areas, owing to the porosity ol the soil and
the greater depth of weathering. Surface storage of water by dams is usually difficult
except in the steeper valleys where the rock is scoured clean and small dams can profit-

!l' | ably be constructcd. Borchole statistics for the Basement System in the Colony as a

13

_whole show about 70 per cent successes, but in this arca the figure is only abowt
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50 per cent. This low figure is duc to the fact that most of the holes are in the Loldaikas. !

where conditions are difficult. The prevailing rock there is granitoid gneiss, which is

regarded as unfavourable (Sikes, 1934, p. 15). The Jarger north-south vallevs in the |

l.oldaikas arc eroded in the <ofter and more biotilic zoncs of the gneiss series, and these
valleys offer the test hope of success, Topagraphy is perhaps a better guide than the
nature of the outcrops, in siting boreholes in these rocks, Places in line with the main
ridges should be avoided. )

Elsewhere in the area conditicns are likely (o be better. With the help of the maps,
areas can be chosen where the conditions regarded as favouiable (op, e pp. 1317
are fulfilled, und the most promising sites within such areas can then be Tound by
geophysical methods, Of the sub-divisions indicated on_the map, the pelitic gneisses
probably offer the best chance of successful boreholes as they are a variable series of
easily decomposed rocks, which should yield water readily.

The Mivcene Sedimenis

The surfzce outcrops of these rocks are small and insignificant, Their extent
bencath the plateau luvas of Laikipia is unknown. If they were found to thicken or run
into a more continuous formation further west they might well prove an important
source of waler as they include porous grits and distomites. In any boreholes that are
carricd deep enough (o approach the bottom of the plateau phonolites of Laikipia. these
scdiments should be sought, 1f a hole in the phonolites [ails to vield water, and 1»
thought to have reached nearly to their base, it is probably worth decpening it, in the
hope of gett'ng waler cither from the Miocene sediments or the weathered surface of
gneiss,

"

The Samburu Series (Basalts and Tuffs)

These rocks underfie the phonolites along the western side of Laikipia. They are
more permeable than the phonolites, and if, as is thought, they dip gently eastwards o
their castern f~ather-cdge somewhere under Laikipia, it might be anticipated that they
would yield water under a considerable hydrostatic head. Their catchment is, however,
small and the depth to be drilled in order to reach them from the surface of Laikipia
would be considerable. East of Amaya, where they are nearest to the surlace, they must
still be about eight hundred feet down, Further south their depth.is probably much
more. It is not thercfore likely that water will be obtained from them anywhere in
Laikipia, The area north-west of the Karissia Hills, where the Series outcrops exten-
sively, is too barren for borcholes to be worth considering.

The Rumuruti Phonolite Series

Phonolites of this Series form most of Laikipia and Lorogi, both arcas where more
water is needed. Its collection at the surface in reservoirs is favoured by the impervious-
ness of the phonoliles, and several successful dams have been constructed, particularly
close to the edge of lava scarps. The capacity of reservoirs in such positions may not be
great, but the loss by percolation is small, as bare phonolite is exposed in the water-
courses. In parts of the plateau, there is a cover of black soil through which there would
be some loss, but as a general rule this phonolite arca is suituble for dams,

The prospects of borcholes in the Series have in the past been considered unfavour-
able. Of the holes known to have been drilled into it, however, twelve out of sixteen
(or 75 per cent) were successful and the average yield of the eleven successful holes for
which records are available here, was a liltle over 24,000 gallons per day. These holes
are all in the southern third of the area of Rumuruti Phonolites, but there does not
appear to be any material difference in the lithology of the Series between the northern
and southern parts of the area,”

Considerable springs e¢merge from the Rumuruti Phonolite Serics at Suguta
Marmar, Suguta Mugie, Luke Kelele, Kirimon and elsewhere in northern Laikipia,
showing that there are permeable horizons saturated with water within the Series.
The waters at some of these springs are weakly saline, and boreholes might give similar
water, but it is unlikely that it would be unusable for stock on this account.

The depth of the water table in Northern Laikipia is unknown; it is possible that the
various large springs emerge at perched water tables, in which case the true water table
might still be far below surface. In southern Laikipia, however, the rest levels in the
boreholes are consistent enough to show that in general they coincide with the true

1
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water table. This rest level is nowhere hnown 1o be more than 200 feel from surface,
and the borcholes where it is more than 150 feet down are those on the flat ridges.
Even in these situations, the depth 1o the water able is Tittle more than the fall to the
main valleys on cither side. From this it appears that ihe water table in southern
Laikipia is not far be'ow the Jevel of the main valleys and the same is probably true of
northern Laikipia. _

Fhe conclusion therefore from this survey is that the probability of getting water
from properly sited boreholes in northesn Laikipia is good.

An area geologically distinct from the plateau of Laikipia is the Tauit zone shown
in Fig. 14. Here the drainage pattern and scarps indicale @ system of parallel Taults
comparable to those west of Nairobi. in that area, borcholes sited as close as possible
to the faults have generally been successful, and it is likely that the same would be true
of the faulted area at the margin of Laikipia,

One other area of the Rumuruti Phonolites which should be mentioned is the
plateau north of the Karissia Hills, On this platcau, which extends northwards beyond
the limit of the area shown on the map. there is said 1o be grazing that cannot at
present be used owing to lack of water. The surface slopes steeply down from both
castern and western edges of the pluteau. The permeable horizons between the lavas are
thus likely to be drained, and as there is only a narrow connexion belween the lavas of
the plateau and those extending further up to the wetier heights of the Karissia Hills,
the waler table probably sinks rapidly deeper, away from the hills. The boring prospects
are therefore not considered lavourabie.

The Losivlo Phonolites

‘These are thin flows with vesicular swfaces which would evidently be permeable,
and the Series would no doubt yield water, but surfuce supplies are adequate and
boreholes would not be justified. ’

The Thomson's Falls Phonolitey

The phonolites of this group yield so little water in borcholes that boring into
them is best aveided unless the intention is to go deep enough to reach more favour-
able formations below. None of the boreholes situated on the Series, within the area
of the map, werc actually visited but it is thought that the following were begun in
the Series:—

No. 134, depth 686 fect, yicld per 24 hours 7,200 gallons.
1] 136, ., 410, " £ ”» 240 i
i ] 145: EE] 112 L3 ) i1l 1) 240 ]
S84, . 3B . o w w2000,
" C%r T 392 ', ” " " 3,000 "
1] cue, o 158 " ” w 20,000 T
,» Cl18, ,, 436 ”» " » o LEBOOD o,
. C167, ,, 247 ” v 2,640,
th) 0226! 1] 257 L] tR] " " 2[1]20 i1}

Nore.—The numbers are those usal by the Public \\'ork.-,-_-l}uimrl.nwnl-.

O these, C118 and €226 are known to have penetrated through the Thomson's Falls

Phonolites into underlying formations. 1n C118, the samples from above 196 feel
are of phonolite, but those from below are all of basult—presumably the series which
can be seen under the Thomson's Falls Phonolites further south (outside the urea)
along the face of the Sattima Scarp. (226 is in a deep valley, at an estimated elevation
of 6,600 feet. It was not visited but is within the arca shown on the map as con-
sisting of Thomson's Falls Phonolites. A first glance at the powdered samples, under
the microscope, showed that they are probably all of the Rumuruti Phonolites.

Biotite flakes were seen in samples from 230—240 feet, and both phenocrysis and

minute cuhedra of nepheline in one from 170—215 feet. Some if not all of the water.

in this borehole is therefore derived from the Rumuruti Phonolites. Disregarding these
two holes which enter underlying formations, only 2 out of 7 holes were successful
in the Thomson's Falls Series. (Holes yielding less than 3,600 gallons per 24 hours
are ¢lassified as unsuccessful.)
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While the Series is thereforé unfavourable for boiing, it will hold waler well in
reservoirs,  The soil cover is thin and the rock itself is very litthe weathered coven
imimediately under the soil. : '

. The Laikipian Series of Basafis

Many of these basalt fows are divided into vertical columnsy by joints, which
opened owing {o contraction as the lava crystallized.  Moreover, the flows have
vesicular surfices and porous tuffs oceur between them, especiully near the vents. it
is therefore reasonable (o expeet good results from bhoreholes, but so few have heen
drilled in these basalts, within the parl ol Laikipia included on  the map, that no {
conclusions can be drawn from the resulis. :

Similar basaits have flowed into some of the valleys in the Loldaikas and they
cover a large arca east of the N'gare Ndare, extending northwards almost to the Uaso
Nyiro. Several boreholes near the Loldaikas have struck water in ufls or sandy
detritus immediately below the basalts: consideration of the form of the surface

i buried under the lavas is important here. In the more extensive lava sheets, such as

+ that south of the Uaso Nyiro, good borehole resulls might be anticipated.

i The outliers on the north-castern part of this area are too small to be of much
* significance,

S N ——

The Mowunit Kenya Volcaic Suite

More detailed work would be nceded before relinble generalizitions could be
made as to the prospects of boreholes in this complex series of rocks,

.  Pleistocene Tuffs, Silts and Gravels

i Thick deposits of fluviatile gravels and silts, with subordinate tafl, underlic much
i of the black soii area west of Nanyuki, towards the Uaso Nyire. Borcholes info
i these deposils yield water at shallow depihs. The conditions in this area were discussed
at length by Sikes (op. cit, pp. 30-32).

NUN——

(AP

; Red Sandy Earths covering the Basement Svstem Rocks '

The ﬁilus. hillwash, sandy soil. and loess-like materials included in this group are
: all so porous that percolating waier must drain rapidly downwards 1o the walter tahble,
which les usuully within the underlying mekonorphic rocks. 11 is unlikely that shallow
boreholes would be successful in these earths, cxeept perhaps where they merge into
alluvial cones at the mouth of some of the valleys which druin the higher hills. Nor
are reservoirs likely to hold water except where the sandy carths are vovered, s they

i are in. some flat valleys, by black soil.
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e APPENDIX .
| fj“? I—Neofe on Traverses East of Lake Baringe
- fed 2 ror : : 2 estwards hure and
'j" </ - A hureied traverss along the road fm‘m Suguia Mugie Wtau!x fs _tu‘tr o ne
Taneulbwe. and thence to Mukutan and Karau, wias mads to -.(.tc._mlm rom  the
c'apgsures on the escarpments, what rocks are likely to be reached in h:}r_cho!cs m
“western Laikipta. Fig. 4 is a skeich of the geology of the area seen on tis traverse
and others sround Thomsén's Falls. ‘ . .r |
: i in arca, tw clusions are inposiant. The firs
From the point of view cof the main area, twe con 1 rtant. The
is that at '[‘anq;fﬁbwc and from there sombhwards, the Rumurut i”hunoh!es_ are us.d«::r-
fain by & serics of basaltic rocks. These are correlated with the S2mburu Series and with
. ) . » war - £ ow g 7 gy
the basalts at the base of the Amaya Scuarp. Secondly. the level of the contact between
the basalts and the phonolites is al about 6,600 fect b-.zlnzf,* Amaya; mf“@f? with only
-ab"ou'f_ 4;1(}0 feet ngar Tangulbwe, which is only IF nuics l:ur'.nc: ’~'S'W Thc
.. observed dips between these two points are very low. and the difference in 1:-115;1_1. is
5 - : e-‘;;{;ﬂnl? due to a series of Lavlis, which in the aggregaie have a throw of well over a

o _ = e o e
fsult zone wes! of Maisohi shaws that the clucidation of such a fault zone can do ninch

| thaizand feei. This is exciusive of the throw of the mgiu fault west of Tangulbwe,

[ g iti ; ' the faults was evident irom the north-south valleys ahd
: ..~ The positions of seme of the fau ‘ s ad
L strai;ightvwlz:slward-facing scarps. [t is clear that the Rif_t V:j]]ey _fault zone reaches vcrg
J close to the edge cf the main area, west of Sugatz Mugie Expericnce in the comparable

to increase the chance of success in bm‘i:_*;g__for waler, o
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#i-——Noiz on Traverses near Thonwson's Falls

The Uaso Narck at Thomson's Falls dr i :
_-the ) mson s Falls drops over a phonolite of the Fhomson's Fall
Series. Further duwn? in l§e -!T;Q*Tl_om of_ the gorge, the underlying Rumuruti Pho?ml?(c:

-gufcrep, . " e .

; A fﬂﬁdwl‘ﬁt 0f Tﬂﬂ-fﬁwﬂ-s-i -kils was [12v ed as [ar ¢ ¥ . Laikind
; - ST x ) t <rsed, f: 48 lhc fool of ﬁ'}e X p'a
. m%ﬁt,'jﬁ Mmpale-tht seciion with lh-:i seen in the Hﬂ”ﬂg(} l[&veﬁés. ' he SICCt. on :

s included in Fig. 8. The scarp exposes speckly phonalites with few phenocrysts, sinular

. --to $ome-of those in the Rumuruti Phorolite Series eas i '
O ‘ _ i ! cries east of Buringo. No basalts we
. 7%3&{!:3“1114 flt_[;gr_gavgrsﬁfnga_r?hg@ﬂn's Falls are included in Lig. 14, Mg i

Gfegm‘y J. W., 1896.—The Greai Rifr Valley, London.
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