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FOREWORD

'I‘he Narok area. which lies less than 30 miles l'rom Nairobi, is little known to visitors
other than hunters. Thin report is the third ot a x'eries covering recent mapping of the
Western side of the Rift Valley. and considerably extendx the knowledge ot‘~ the t‘lix‘ll‘l~
hution ol' 'I‘ei‘tiai‘y and Quaternary volcanicx and sedimenh of that region.

Precambrian metamorphic l‘t)L‘l\'\ outcrop over about a third of the Narok area. and
Mr. Wright gives. a detailed account of these rocks; and their rather complicated structure.
in his account of the later volcanic rocks he gives a time-scale. as aecurate as present
methods will allow. lot the \uccession ot‘ volcanic events in the area, and compares thia-
with Sllfillttl' sequences elsewhere in Kenya. In addition he gives a Well-supported
hypothesis for the exiatenee and origin of earl).- ltlkcx in which sedimentary depositx
accumulated.

l7ew mineral occurrences were l‘onnd to he of economic importance. Water suppliex
over most of the area are good. and there are posxihilities ot' development in cattle
ranching tnow carried on by itinerant Masai! and in agriculture.

Nairobi, ll. II. BAKER.
lts'th April |%7. ('init/nixsinner of i‘l'finer and (Em/oer.



ABSTRACT

The report describes an area, approximately LIN square miles in extent. bounded
by longitudes 35 ~lt)’ If. and 30 00’ 1"... and by latitudes l" 00' b. and l‘ 30’ 5.. fallingI
entirely within the Narok District of tlte Rift Valley l’i'mince.

The area has been partly bevelled by the sub—Miocene peneplain. which probably
underlies the extensive |.oita Plains. Remnants of" a \s-idespread end—('t‘ctaccous surface
may also be preserV'ed on the summit ol‘ the loita llills.

Highly l'olded Precambrian rocks of the Kenya Basement System are mainly contincd
to the south-western corner oi the area. into which they extend from the region imme-
diately to the south: they are seen in extensive outcrops in the loita llills. representing
a metamorphosed sedimentary succession charactcri/cd by prominent bands ol~ massiVe
quartzite.

A variable series of lavas ranging from Miocene to Pleistocene in age overlies the.
suviocene peneplain. The volcanic rocks include melanephelinites and derived
nephelinitcs. IWo \arictics' ot' pltonolitc. plateau and orthopbyre—type trachytcs. basalts
and alkali basalts. and probabh late olivine melanephclinite plugs. In addition Hills and
ashes Were deposited throughout the latter half ol‘ the volcanic episode. and some ol‘
the ashes may have been deposited in a t‘ormcr extensive lake occupying the central
and eastern parts of the area, A blanket ol' ashes represents the close ol' \v'oleanic aeti\-"ity.
and obscures much ot. the underlying geology, particularly over the loita Plains.

The occurrence. distribution and petrography ot' the rocks is described. and meta—
morphic and structural syntheses have been attempted for the metamorphic rocks within
the framework ot‘ available data. Ril't l'aulting. which is believed to ltave commenced
during the Miocene. has all'ected the volcanic roclss in the eastern part of the area.

Mineral occurrences and water supplies in the area are also described.



GEOLOGY OF THE NAROK AREA
l-lNTR()l)U(TTI()N

l‘he Narok area is the north-east quarter ot~ degree sheet 50. bounded by longitudes
35 3t)’ and 3t: 00’ liast. and by latitudes l' 00' and 1 3t)“ South, I'Varok. the adminis-
trative headquarters, is situated in the north-eastern part ol‘ the aret. which kills entirely
within the l\arok District ol' the Rift Valley Province.

The indigenous population are nomadic Masai herdsmen. 'l‘hey era/e their cattle over
the whole area. Waterimby them at the major rivers. at spring-led streams in the l.oita
Hills. and also at wells which have been excavated near isolated rock} hills or along
the larger seasonal stream courses. 'l'ltere are also a number ol‘ .salt licks, especially
along maior river channels. h’lany ol' the tt‘ibesmet‘ are of mixed Kikuyu and Masai
descent, and some ot' them engage in culti\-’ation. there are small plots at Narosura
in the Lotta llills region to the south. at Maji Moto and ttaso l\git‘o, and larger areas
at ()I ()long'a and Set‘abei. Mai/e, oranges. tomatoes and hearts are sttceessl'ully culti-
vated. particularly where the volcanic soil is irrigated.

The presence of tsetse ll_\ in the south-nest corner ot‘ the area. around Barkitabu.
tenders it unsuitable for habitation: since shooting is prohibited in it. big game abounds,
particularly btttl‘alo. rhino and lion. (tame is also plentit'ul on the l.oita l’lains.

(Ii/Hare um/ lament/ion
the presence ol' tsetse ll) iii the south-West corner ot~ the area. around Itat‘kitabtt.

bttt these periods are not sharply delined. and minor I'alls ol' rain may occur at any time.
It is never excessively hot and dry. as most of the region is abme tettttt) t‘t. elevation.
and there are a number ot' permanent rivers and streams.

Rainfall data. taken from the records of the FHA. N‘leteorologica| Department. are
tabulated below for three stations in the northern hall ol‘ the Narok area. two ot‘ which
are now Closed :-

ANNUAL 'l'o'tAt, list'ttt's Number ol‘l
Station - - -- -- » . » i years

I 95 I i 1955 195‘) A verage ’ recorded

l |

Narok . . .. . , 28-80 27-60 l 45
Uaso Ngiro .. .. t IX’tlt) ,,_ |‘)'3() ()
Ngore Ngore . . . . 43-(yl - . 33-50 2

The north—east corner is densely t‘orested. being pa rt ot' the southern edge ot‘ the Man
uplands. lilsewhere. except on the open grasslands of the Lotta Plains. the dominant
vegetation is [elm/oer: scrub. Patches ot‘ open grassland also oceur on tops ol' intertlus-es.
particularly along the Narok and Seyabei river systems. and in the l.oita Ilills. where.
there are also scattered patehes of forest. 'l'holn scrub and .mmv'i'ierm grass are encoun—
tered loeally in the larger valleys. particularly the Uaso Ngiro.

Exposures ot' solid rock are scaree. In the north-east corner thick forest and broad
scrub-covered intertluves obscure tnost ol' the geology. and the |.oita Plains are devoid
of exposure except where quart/.itc insell‘ergs protrude above them. The Loita Hills
often have grass—ctwered summits. while the slopes and valley floors are well wooded
and l'reqttently mantled with rock debris.



( nmmmiit'ntium

Four main earth roads, to ls'ijabe. Matt, Kilgoris and l.oliondo, pass through the area,

and there are numerous- minor roads used by Government services and local traders.
Some ol~ the cattle tracks and major footpaths are motoral‘ile. and the l.oita Plains can
be. motored over almost anywhere. Moderate Iain renders many of the tracks impassable
to all but t'onr—wheel—drive vehicles. and men these may he held up for several hours at
drills. particularly on roads leading to Nairobi and Narosura. ()nly roads and motor—
able traeks used during the geological survey are plotted on the map accompanying this
report, An airstrip is located six miles south-west of Ntrok, which township is 104 miles
by road from Nairobi.

i'l/Iethml of tlv't'u/Ipi/ig um! tl/Itlps User]

(ieological Iield work in the area was carried out betxveen February and Augast IUS‘).
The geology was recorded on air photographs in the lield. and transl‘erred to l:5tl.()t)tl
seale preliminary plots. which Were reduced pholographicall_\' and redrawn tor repro-

duction at the linal scale ot‘ l : l25.(ltlt).

l'orm lines on the geological map were delineated using air photographs. controlled
with survey spot—heights and ancroid and Indian clinometer readings. The aneroid was
found to be unreliable in some parts of the area. especially the deeply dissected l.oita
llills. where high winds are usual and atmospheric pressure is sometimes lower in valleys
than on ridges.

ll——I’Rl“,V IOUS GEOLOGICAL WORK

Very little previous geological Work has been done in this area Sir Albert Kitson

(WM. p. 59)."' at the completion of a geological reconnaissance ot‘ the Kavirondo Dis-
trict, motored through the north ot' the Narok area from l'\goro Ngoro through ()I
()Iong‘a and Uaso Ngiro to Narok. thence to Nairobi. He commented briefly on the

hills and ashes he saw exposed along this route. and noted the quartzite outerops in the
llaso Ngiro valley about l'our miles south—east til ()1 ()long‘a.

An tmsuecessl‘itl search for pie/.oeleetrie quartz Was made in the south of the Narok
District during the war years (Mines and (ieol. Dept. Ann. Rep.‘ I‘M). p. 5. and I945.
p. '23].

‘l‘he Report of the Development ( ommittee t'or W40 (Vol. 3. p. (17} states that railway
ballast and building stone are available within easv reach ot‘ Narok. although sand in
quantity ean be found only in the south ot. the district.

In [957, l{.l’.l.. No. |24 was granted to Ansurl'os Mining (lo. ltd. I‘or diamond and
metallil‘el'ous ore prospecting in part of the Narok District. The eompany searched
unsuccessfully along the base ol‘ the l.oita llills hetWeen Maji Moto and Barkitabu.
and generally west l'rom there into the Mara River area. and also visited the lime pans
near ()1 [)onyo Raslta.

III—PHYSIOGRAPHY

I’or descriptive purposes the physiography ot‘ the. area can be divided into three Units

(list. 1):

l. A disseetcd eastern strip.

2. The l.oita Plains.

3. The l.oita Hills.

’5' References are quoted on p 48.
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l. A belt of dissected country. about ten miles wide, extends along the eastern

margin ol' the area. In the north it l'orms part of the forested Mau highlands, where

broad north-south ridges carved in volcanic ashes are separated by the deep winding

valleys of the Narols and Hevabei river systems. South of the Narok-Seyabei road the

inlertiuves ot the Seyabei system are relatively flat. and the valleys ot' the river and

its tributaries are deeply incised due to resistant alkali basalt lavas capping a thick

serie.s ot' sol't x-oleanic ashes. By contrast the Narok liver lloWs in a relatively shallow

winding valley with gentle slopes of volcanic ash alternating with abrupt features

formed in harder tails and phonohtcs: this valley becomes steeper near the confluence

with the “am Ngiro. and below it the river flows through a spectacular gorge.

Ashes. Hills and alkali basalts term a sharply stepped topography around l'utapot

and linillllillllsk'Ull \~.hcrc the deev incised ()longanaiyo-Ntuka system joins the llaso

lNgiro. West ol‘ the Uaso Ngiro liver the plateau and hill country extending from

Ntuka through ()lengultio to lnkitintini is almost entirely I'ornieti ot‘ phonolites.

At lintapot the Uaso Ngiro swings due east t‘or about I'our miles and crosses the

highly dissected Naitiaiiii t‘ault scarp ridge. the ridge itsclt‘ and the hilly country to

the West are tormed ol' mclancphclinite lavas. with a quartzite inlier at the northern

end. l’late l is a panoramic view ot' the country round lintapot. Here the t‘ault scarp

is llankcd by narrow plateau strips of trachyte lava which slope down towards a

second and younger Naiuanii tault searp on linguscro Nanvukie. part ol' the dis—

continuous lengitoto Plateau (Baker. IUSS. p. (it. this plateau is also l‘ormcd ot‘

trachyte overlain by ashes. red soils and alluvial tan deposits ot' the seasonal streams

draining the high ground to the west. and from it the ground slopes steeply into the

tlaso Ngiro \-allev tloored by soil volcanic ashes.

2. the flat. gl'ass—cctcd expanses ol' the l.oita Plains cover the north-western

quarter ol‘ the area. 'I he plains are l‘ormcd of volcanic ashes and are probably under-

lain by the sub-Miocene pcneplain cut in Basement System rocks. Insclbergs ot‘ quart—

/ile rise above the plains to between 0.50:) and (Ltitlt) It. In the north. near the southern

edge of the Man uplands. the ground rises and becomes more undulating.

3. the |.oita Hills t'ormcd ol' a variety ol' quart/hes. rise some |.t)tltl it above the

plains in the south—West corner ol‘ the area. and cstend south and south—west into

adiacent areas. 'l hey hare been deeply dissected. tor the most part along less resistant

bands in the succession. so that the topography expresses the structural grain ot‘ the

melts. the grain in this part ol‘ the country trends generally NN\’\7.-SSE.. swinging

round in the south-east around ()lkuns‘ailie and ()Ioirien to \N'N\N".—l‘.Sl-'..

Drainage

()ver most of the area the drainage direction is south-easterly. tront the Man high—

lands into the Kill valley. 'l‘he watershed separating this trend from the south—Westerly

drainage of areas t'urther \vest t'olloWs roughly the western boundar}. t’roni Ngore Ngore

south as tar as Narasha. Here it is displaced some ten miles eastwards. where it coincides

with the axis ol the radial drainage pattern on the l.oita llills. Narasha is the most

westerly ot' a line of hills which acts as a minor barrier. splat-ing out and turning back

the radial l.oita drainage as Well as locally deflecting to dtie east the dominant south—

easterly drainage.

The main river is the llaso Ngiro. It rises in the Matt highlands some 4t] miles north

of Narok and meanders along a narrow channel cut in an alluvial valley through the

rolling scrub—covered country in the north ol' the area and across the l.oita l’lains. An

abrupt change in gradient occurs where it is joined by the Masandare: here the alluvium

ceases and the. river [lows in a deepening gorge. narrow and winding. with sheer walls

4



over Ztlt) t't. higli in plaees. Where the Uaso Ngiro emerges lrom the gorge near Lego-
rinyo there is another change: the river flows aeross sot‘t voleanie ashes into which it
has eut to a depth ot‘ up to St) l‘t., leaving a now diseontinnous boulder terraee along its
banks. Alter leaving this area the river flows through a graben valley. and then along
the West side of the Rit‘t Valley. linally emptying into lake Natron.

'l'he Uaso Ngiro originally flowed on the dov.'n-\\'arped snb-Mioeene surt‘aee and
survived the 'l'ertiary and Pleistocene vuleanieity whieh probably eansed its diversion a
number of times. liruption ol‘ the phonoliles now t'orming the Man highlands probably
obliterated the original upper reaches. while the simultaneous aetivity round ()lengnlno
roughed out the course ol‘ the river as now seen. as Well as providing the snrl'aee on
nhieh the tributary ()longanaiyo system was established.

l‘ollowing eruption ol' the plateau traehytes. mueh ol' the drainage in the northern
and eastern parts mttst have been obliterated during1 mainly sttb~aerial deposition of
tolls and poorly consolidated ashes. over whieh the drainage in these parts now llows.
'l he ashes in the llaso Ngiro valley round lintapot slam numerous signs ol‘ deposition
tntder water. as do the ashes in the Seyabei valley; It is likely that in the early part of
the l’leistoeene period this region was eo\'et‘ed by the south—West eorner ot‘ a lake which
was depositing pyroelastie material derived from outside the area to the east. ll' this is
so the lake ean only have been l‘ormed by damining ol' the llaso bit-giro ri\er and the
southerly trending Matt drainage l'nrtber east (the site ot‘ the present Seyabei river} by
a barrier ol~ plateau traehytes. which seem to have been erupted only as far north as
littkorika. ()utlets l‘t'om sueh a lake tor lakest Would have been the present Uaso Ngiro
and Seyabei ehannels. later rejuvenated by t'anlt movements to ineise their present
eottrses. Movement along the linkorika liault was probably one ol‘ the lirst rejuvenating
L'bisodes. |I downt'aulted the traehytes forming the suggested southern boundary ol‘ the
lake. near I-'.nkorika tli'ig. 3). to prmide the SSI{.—ti'eiitliiig valley in \vhieh the tiaso
Ngiro now leaves the area. Soon afterwards the southerly drainage was probably
dammed again aeross what is now the Sevabei valley. by doxvnl'anlted and northerly
tilted alkali basalts.

Outside the area the llaso Ngiro tltiyys. in a graben valley. with the l-fnkorika t'ault
searp as its Western wall. It may have been dammed again at least onee and possibly
lwiee. to I‘orm small lakes and deposit more sediments. some ol' whieh Were bankedagainst the traehyte plateau in the present area. Bodies ot~ standing water may also have
eome into being from time to time bet'ore the erttption ol' the plateau traehytes.

’l‘he ()Iongoirenito river, in the south—east eorner ol‘ the area. is probably as old as
the llaso Ngiro. although It is mainly a dry ehannel now. with a l‘ew Weak slightly
saline springs. In the b-"lagadi area to the south-east it ioins the lengitoto river. a large
tributary of the llaso Ngiro. the pattern ot~ the ()longoirenito system must have been
established mueh as it is today on the surl'aee ot' the melanephelinite lavas. the earliest
\oleanies in the area. and it was probably dammed by the plateau traehytes banked
against the Naitiami searp to town a small lake. The lake was emptied vs hen the seeond
Naitiami l'ault movement rejuvenated its outlet. and the ()longoirenito channel has eat
a gorge through the traehytes south of lingusero Nanyukie. the main Rit't faulting is
too distant to atleet the river in this region. so it has not cut into the litigttsero Nanyukie
platl'orm tnore than a ten: feet. By eontrast the |_eshota. another important river l'ttrther
north. has eut deeply both into the melanephelinites and the traehyte platt'orm. beeause
ot' the proximity ol‘ the Fnkorika l‘ault.

Other important permanent river systems are the Narok and Seyabei. Iel't bank tribu—
taries to the Uaso Ngiro. which also rise in the Mat: highlands. 'l'hey drain the north—
eastern corner ol' the area. and their valleys are also deeply entrenehed. partieularly in
the north. It is probable that they Were initiated on the thiek tutl‘s and ashes in the

'J
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north of the area. which must have completely tilled in any pr‘e-existing drainage

channels in the underlying phonolites and alkali basalts. 'l‘he valleys ol‘ these rivers have
noticeably steeper sides and gradients north of the latitude of Nar'ok than south of it.

which must be due to rejuvenation from the north by uplit‘t ot' the Man massif as a
result of kill faulting. Near its coritluence with the Uaso Ngir'o the Narok river gradient

steepens again under the inlluence ol‘ similar rejuvenating movements in the south—east.

"the. hot spring at Maji Moto. at the extreme. northern tip ol‘ the Loita llills. yields

a small volume of water which llows out on to the plains in a shallow channel. and
disapp‘ars within two miles ol' the source. liotll‘ small warm springs also rise along the

()letugathi fault line. probably a I‘ornrer eruption lissure. supplying snrall streams which
enter the Seyabei river.

ln dry seasons the mislil appearance of many ol‘ the streams which trickle through

deep gorges in the \oleanie country and in the l,oita Hills is very striking. It is likely
that in the past a great deal more water Ilowcd in these rivers. although even nowadays

the} till up for short periods in a good rainy season. Most of the streams have cut

narrow. steep—sided channels. otten met It] lit. deep. in the alluvial and bouldery llood

deposits llooring the valleys. giving I'etlrer indications that the climate is now drier

than in the past. A line has been drawn on the physiographie map tliig. l) joining the

knickpoints in the major channels. to mark the Western limit of the rejuvenating etliects

ol vrrlcanieily and rill faulting. In the north of the area the line commences its wesb

ward swing to pass south of the rejuvenated Mau highlands.

Ifrmiurr Surfaces
the altitude in the middle ol' the loita Mains is slightly more than 6.200 ft. The sub—

h‘liocene pcneplain must lie at shallow depth beneath this let-'el and has been identitied

in adjacent areas to the West and south (Williams. I904. p. 7. Saggerson. 1900, p. 7!.

The major insclhergs. rising to between 350 and 400 ft. above the plains. include the

chain from Naraslra (0.535 It.) through Lekanga (b.57l ft.) to ()l Donyo Rasha

((3.000 ll).

Summit levels in the loita llills themselves are bcten 7.30“ and 7.000 lit. which is

700 to |.t)llt) l't. higher than the surrounding insclber‘gs. and between l.ltttl and 1.400 It.

above the level ol‘ the loita Plains.

No erosion surfaces corresponding to older pcneplain levels were seen in the l.oita

llills. but it is probable that some of the summits in the loita Hills and Mara River-
Sianna areas are remnants of a Cretaceous surl'ace, aborrt lJtltl it. above the sub-

Miocene. which has been recognized elsewhere in Kenya. Saggcrs‘on ([900. p. 7) has

recognixed tsvo other beyels intermediate betWeen the (‘r'etaeeous and sub-Miocene

surfaces. about 450 and ts'ttt) lit. aboVe the latter. The reasonably unil'orm summit heights

ol‘ major inselbergs on the l.oita Plains may represent the lower ol‘ these. but there is

no recognizable bevelling; the inselbcrgs are either undulating r'idgebaeks or cortical in

shape.

The westerly drainage in the south—west ot‘ the area indicates that the underlying

sub—Miocene pcneplain there probably slopes down again across the boundary into the

adjacent Mara River area. as suggested by Williams tl0(r4. p. 7’). North of the line from
Narasha to ()l Donyo Rasha. however. the plains rise towards Ngore Ngore. with an

inselberg summit at (r.t\’|3 l‘t.. 200 ft. higher than the inselbergs t‘arther south. 'l'he super—

lieial ash cover in the north—West corner is probably thicker than in the south. for
although the plains are rrrore undulating here they expose no quartzite in valley floors.

The north—Westwar'd rise of the plains may be due to a considerable incr'ase in the
amount of ashes deposited or. more probably. there has been a r-al rise in the pcneplain
associated with the uplil't ol' the Mau massit' region. coupled with only a moderate

increase in ash deposition.
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lV~—SUMM.ARY ()F GEOLOGY

'l he oldest roeks exposed are quartzo—t'elspathie gneisses, quart/hes and mica—quartzites ol' the Kenya Basement System. believed to he ol‘ late. Preeamhrian age. 'l‘hegneisses are exposed in windows within voleanies in the south—eastern part ot‘ the area,and quart/lies form the l.oita Hills and the inselhergs rising from the l.oita Plains. Theroeks represent an original series ol" ai‘enaeeotis shallow—water sediments which havebeen metamorphosed, recrystallized and folded.

Vuleanieity in the area is thought to have commenced in the Miocene with theeruption of a melanephelinite lava series in the south—east. on the dowm-varped suh-Mioeene peneplain. The lavas are hetWeen (100 and 900 it. thiek along the ridge extend—ing south from Legorinyo. which is probably close to the lissure or line ol' rents fromwhich they were erupted. and they are Well developed t‘urther south in the l.oita Hillsarea. 'I her skirt the quart/ite hill north ol‘ |.egorin_\t'r. and heeome less widespread northol it. the lavas north-west of legrorinyo may he the produets ot' another eruptive centre.In the south ot‘ the area the basic la\-as are intruded ht a highly porphvrilie nephelinite.

lixtrusion ol~ phonolites t‘ollowed later in the Mioeene. the main mass l‘ormine thehigh eround hetween Ntuka and lnkitintini where two ditl'erent phonolite types aredistinguislurhle. reaehii g a masimum eomhined thiekness ol' ahout Utltl lit, "l'hese WL‘I‘Uprohahl} derived from local eruptiVe centres. and dill-er l‘rom other phonoiites'originating l'rom the Man highlands exposed t'arther north in the Narok river

the melanephelinite lavas were subsequently Litmiitlrtilled eastwards along: theNaitiami tan“. and the Plioeenet'?) Kirikiti hasalts ol' the a-lagzadi area Were latererupted on to them. wedging out near the l'ault searp.

'l'he. Naitiami melanephelinite searps had sull‘ered eonsiderahle erosion and retreatedahout lI’. miles by the early l’leistoeene. when deposition ol‘ nuts and ashes- lilled manyirregularities in the older lava .surl'aees. Some of the pwoelastie rocks Were. laid downin temporary lakes oeeuming part ot‘ the present—da},- [laso Ngiro. Seyahei and ()lon—goirenito valleys. The Hills and ashes are thickest in the north-east and thin westwardsaeross the l.oita l’lains: in the south ol‘ the area they are preserxed only in \ralle} s.

Alter deposition of the pjtroelastie roeks had commenced the linkorika l’ault wasinitiated and the Naitiami l'attlt moved again. 'l’he linkorika l'ault threw down ahoutlit) lit. in the south—east. and terminated near Iinkorika. 'l‘he renewed Naitiami tattltterminated near Legorinyo. and its maximum throes was ahout 4”“ it. in the south ol'the area.

'l'he deposition of the p):'oe‘l;istit‘ roeks Wits punetuated hf.» llows ol' hasall. alkalihas-alt. plateau traeh_\-‘te and orthopht-re type ti';tel1_\-te lava»: and he two moxementsalong the ()letngathi l‘ault. The tour o|i\ine melanephelinite plugs distrihuted ahout thenorthern part of the area may also helong to this episode. the plateau tiaehytes aresimilar to those in the Magadi area deserihed h_\ Baker tl‘hhfl p. 1H,) and extend southand east outside the area. hut are esposed northnards only as- tar as lxnkorika. 'lheorthophyre—type traehytes'. \Vhieh l'orm the Angata Naado platl'orm. are. the equivalentsol‘ the orthoph_\-re-t_\-'pe traehttes in the Magadi area.

in the l\arok area, tlieret'ore. the hulk ol‘ \voleanie aetivity took plaee at tWo widelyseparated periods, .'\"lioeene and l’leistoeene. and erosion of the lirst Naitiami tau“
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xcarp mttst have proceeded during, a long interral in the l’lioeene. 'l'he 'l‘ertiary to

l’leistoeene volcanic hixtory of the area is summarized below:

[’l‘inal ash phase
1 ()rthophyre type trachytes

Plateau traehytes
. . . Seeond ()Ietugathi I‘ault . . .
Alkali basalts ot' the Oletugathi plateau

Pleistocene J Tull"; and ashes. in part waterlain
‘ . . . l'irst ()Ietugathi lault . ..
‘ Alkali ha‘salts ol' the l'namankeon plateau
' . . . Second Naitianii l'ault . ..

. . . linkorika l'ault . . .
L'l‘utl's and ashes, in part \\-'aterlain

l _ . . liroxion ol' lirztt Naitialni l'ault scarp . . .
l’liocene J Kirikiti basalts tin Magadi and l,oita Hills areas)

l ... i‘irst Naitiami l'aalt , . .

Kikhalduga melaneplielinite lavas
\ . . . .v\rr.‘.hin{1 ol‘ srth—N‘liocene peneplaln . . .

J’l’houolites
Mioecnc 1

\"rriIHt‘II‘AILS ()It‘ GEOLOGY

I. Metamorphic Rneks

'I'he metamorphic rocks in the [\urok area are ol‘ late Precambrian age. 'lliey are

part of a meta—sedimenttat‘y \uccexx‘ion and dix‘play a l‘oliation which i\ parallel to hounv

dariex hetween roek types and is therel'ore heliewd to mark the original \cdiinenlary

bedding. 'l‘he Rtratieraphie *uceemion is similar to that pl'tipuxctl lat Niggemon (Wot).

p. I2) for the mine roekx‘ in the l oita llillx area.

l’or dexeriptix‘e |)ll||1t)\l.'\ the rocks hax‘e hccn tli\-ided into a semi—pelitie group exposed

locally in the eaxt ol‘ the area. and a more important psanunitie group ol' quart/itea and

museowite quart/item lorniing the Inita Hills; l'hc two groups are eonsidered under the

l'ollowine headingx:

II) .\-'letaniorphoxed \L‘llti pelitie sedimenta

(iarnetilerom hiolile gneimcs with alnphiholites and isxociated calc—wilieate roekx.

{3| .\-'letainorphosed pwnunitie wdilnenls

tul( oarxergrained :iLtart/itex'.

tbl Laminated quart/hex.

tr‘) Muxem-‘ite quart/itcx'.

(I) Mr: \x1oI-zi'nos‘ip Si l\*ll—l’|"| ['I It Sl‘lHMl‘N'lH

Semirpelitie gneix'xex and ampltilmliteu are almost entirely conlined to the south—east

ol‘ the area. where the}: are L‘\'|3t).\t‘ll in window-x in the volcanic rocks along the

()longoirenito and l-Tsukoroi ri\ers' and in the llaso Ngiro near legorinyo. Along the

()longoirenito river in the south-eaxtern eorner ot' the area the hiotite gneisxex are

tinely handed with alternating. pink quai‘t-t'clspathic hands and dark hiotite-rieh layerx.

liberally spotted with small red garnets. The strike ot" the rocks in the river is generally

Slightly WCHI ol‘ north. .loiuts' are developed more or less perpendicular to the strike. and

are sometimes tilled with irregular pink quart/o—t‘elxpathie pegmatite veins; not more

than a few feet thick. whieh join with concordant pegmutites in the I'oliation ot' the

rocks.

Cf:



In thin section these semi-petitic gne.sses tspeeimens Stttttitfi‘t show intergr:mtilar
gneissic textures with quartz. mieroeline and minor amounts ot oligoclase: the large
grains of quartz and t'elspar are often surrounded by aggregates of smaller grains.
Biotite is poorly oriented and pleochroic from pale olive to very dark green. l’ink
rounded almandine garnets and accessory zircon complete the mineral assemblage.

In this section ot‘ the ()longoirenito riter the semi—pelitic rocks contain amphibolite
sheets and lenses and smaller calc»silicate inclusions. 'l'he atnphibolites (specimen
Wit-"487] are weakly t'oliated and are composed ol~ hornblende and pale green diopside
with oligoelasc. quartz. garnet. spliene and accessory apatite. 'lhe hornblende contains
ielics ot~ diopside in \=‘:ii‘_\«'ing stages of resorption. 'l‘he calc—silicate lenses (specimens
50H“. 45—1) are Usually distinguished by their pale green colour and are formed b)
granular pyroxenes thedcnbergitc and diopside} together with clinozoisilc and plagio—
clase, Small amounts ot' rutile and eorttndum are also evident in the thin sections.

North-west ot' legorimo summit (I 20’ 5.. 3‘ :7" It.) linelt banded hiotite gneisses
with amphiholite bands are e\posed in the northern ‘-ide ol' the Ntuka gorge. Smaller
outcrops m the riser-bed about a mile domr-stream are similar. with amphibolitc bands
and concordant and cross-cutting quart/o—I'elspathie pegmatites. The amphibolites in
these two groups ol' outcrops are ditt'erent: in the more westerl} exposure the amphi—
bolite [specimen 50,3573) is a compact rock similar to that described above t'rom the
loWer ()longoirenito \alley. It is rich in hornblende and quartz. poor in diopside and
plagioelase toligoclaset. and contains small amounts ot‘ brown biotite and rutile in place
of spliene and garnet. I’I‘om the second exposure the amphibolite {specimen 50(583} is
a more t'riable rock ol' simple composition. consisting ol‘ untwinned medium plagio—
clase. hornblende and quartz; a cale~silieale inclusion in it {specimen Sui-"583] is seen
in thin section to be a simple granular aggregate ot' green pleochroie hedenbergite with
\ery dark green hornblende possibly derived t'rorn the hedenbergite. pale yellow
pleoehroie epidote and a little interstitial quartz.

Round legorinyo itscll' the hiolite gneisses are intct‘banded with a variety ot‘ quart—
zites. grading from white and massive. through llaggy. to micaceous t_\pes. the White
qltart/ites t'orni small nortlierlv trending ridges. separated 'i_\ broad micaceous bands
occupying the \alleys hetWeen them. and pass eastwards through a narrow zone con—
taining pink quartzo-t‘elspatliie pegmatites into \'er}. coarse. sparsely biotite—bearing
qttartz—t'elspar granitoid gneiss‘. devoid of l'oliation, and almost pegmatitic in places.
with ampliibolite bands uliieli striise in the same direction as the quartzites, the coarse
gneisses (specimen 50.4547) contain mieroeline and appreciable amounts of oligoclase.
occasionally intergrown with quartz. An amphibolite collected here tspeeimen Stlx’flti)
is a simple triable variety with quartz and oligoelase similar to the second sample I‘rom
the Nttlka I‘iver described abo\e.

(‘oarse quartzo-l'elspathie gneiss was not seen south ot‘ the l'tso Ngiro. but white
tnicaceous qttart/ites continue sotttlwrat‘ds to a point immediately north—West ot‘ lcgo-
rinyo summit. where banded hiotite gncisses with sortie slip-folding tl‘ig. 4 (lit) are
interbedded with massive quartzites‘ tip to it) it. thick.

(3) Mitt \Mtlttt’tlthlzl) l’stMMit‘te SitinMi-Lrsls
the rest ol‘ the metamorphic rocks in this area are composed almost entirely ot‘ quartz

and museovile and form the northern part ol. the l.oita Hills and the surrounding
insellwrgs. the rocks represent an original shallow—water sandy sedimentary series. and
are variable in texture and composition. so that the groups described below and
delineated on the map indicate only the principal rock types to he found withia given
boundaries.

*Nnnibcrs Stig’li‘. etc.. rel'cr Io specimens in the regional collection all the Mines and (ieological
Department. Nairobi.



’l'hree main groups of quart/hes are recognized. dill‘ering only slightly from those

delined ht Saggerson INN», p. lot and Williams t|t)(i4, p. l3):

tut ( 'oarxe—grained quartzites.

til Granular pink variety.

tiil(‘ompact white \-ariety.

Hi} Laminated quartzite-s.

tt'l Muscmite quart/rites and subordinate schists.

tut ( 'omxw—eruiuetl {Mar/files

tit (irmmlur I’im" l'urierr. 'l he more common rocks are coarsely granular mica-poor

quart/ites (l’late II (at) which are sometimes white in colour. hilt more typically pink.

due to iron oxide staining on the sur’l'accs ol' the quart/ grains. which average ahout

(1.5 cm. across, 'Ihey t'orm the major ridges ol‘ lengiiahi. .olttm Maji Moto, ()lchorro

l)apash and linlingaser. as well as the summits ot~ other smaller ridges in the south—east

ot- the hills and many ol' the inselhergs and ridges rising from the surrounding plains.

An exceptionally coarse white quart/ite with grains exceeding 2 cm. in si/e lorms part

ol the ()Ikunyailic ridge in the south—east.

[he rocks are Well jointed. most ot'ttn perpendicular to the strike, and usually hat-c

a llaggt I'oliation parting parallel to the original heddine. ln .r l'cw places the llat

surt'aces ol‘ tlags display- ripple marks. and sometimes the llagg} parting has the

appearance ol~ crude current hedding. the rocks may also he so unilormli granular

that structural directions in them hecome eirtualli irnposs-il'ite to determine. as I'or

instance at the nortIr—western end ot' the l,o|ua ridge A crude l‘orm ot‘ carious

\i‘cathering is common in these granular rocks.

Br variation in grain si‘le‘ mica content \cale ot' lamination and to a lesser e\tent

colour, the coarse~erained quart/ites grade into any ot the other quart/ut- \itt‘lL‘lies

I‘orming the l,oita llills.

rimmnpmr It’ll/re l'urrerr. Some ol the coarse quart/ites are compact. white in

colour. and distinctive t‘rom a distance tl’late ll (lit): they are best dex‘eloped in the

inselhergs round the loita llills, 'lhe white Lttlttl't/llt‘s are almost structureless: some

outcrops- haie a Weak l‘oliation. hut current [wedding and ripple marks Were not

olnerred. Joints are usually developed perpemlicular to the ~tr'ik‘e‘ hut when hoth joints

and parting are equally spaced onl_\- l'aint streaks ot‘ slightly darker rock parallel to

one \L‘l ol~ tractures slttt which is the original hedding plane.

As in the granular rocky llaggzt and micaceolls interealatior’rs are common. and

lenlicular hands ot' Illil‘s\l\"k' and tlaggy white quart/.ite are developed within the muscou

\itc quart/hes ol‘ the leoita Hills and as lateral variations ot' pink granular quart/ites.

.i\t the northern end of troitigo ridge the quart/ire is Iocalli dark in colour. due to a

higher concentration ot disseminated iron ere.

Bands ol‘ white quart/itc torm chainx ol' ridges and isolated hills on hoth the eastern

and western sides of the l.oita Hills and in the I'ltlgt‘s around h‘lunterahi, and are I'ound

as scattered outcrops on the plains in the north—Western quarter of the area. The most

easterly hand is marked hy a north—south chain ot‘ outcrops :rhm-e the West hank ol' the

Narok riter heten tlrc lx'ollohisho and Ham Neiro Valle-ts.

ln thin section both the granular pink quart/ites and the compact \tlrile quart/hes
are seen to contain large interlocking quartz grains. rarely exhrhiting strain extinction.
.rnd Inning irregular sutured boundaries. 'l'hcrc are ahundanL twenty distrihutcd and
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well oriented muscmitc llakes up to 0.5 mm. in length. both within the quartz grains
and penetrating the boundaries between them. lhe quartz. in most ol' the slides examined
contains rare. small. irregularly rounded inclusions ol l'resh microcline. in the slide ot‘
specimen Stli’fitlfi. a white quartzite from lembere. a large grain ol‘ apatite was
observed; a similar rock from about ll miles west ol' lengijabi tspccimen 5t).c"5‘)ll
contains rare llakes ol‘ green—brox-vn biotite and a small amount ol‘ opalinc silica.

[)ark bands in the coarse quartxites are dire to enrichment in iron ore; a dark quart—
/ite (specimen 50.69“) from the hill three miles south—southeast ot‘ Narasha has quartx.
grains ol‘ very variable si/e with highly irregular and interpenetI‘;lti\’e boundaries. much
iron ore in elongate and sub-parallel crystals. and a little altered microcline.

The green colottr of some ot‘ the compact quart/ites is due either to varying amounts
of l‘uchsite (Winchell IUSI. p. 300}. plcoehroic t‘rom pale blue to green. sometimes
cottpled with gl'L‘t‘lt-lH‘tHVH biotitc. as in specimen SUI-FIT lrom ()loirien. or to a \'er3
pale green tnuseovitc (specimen Sllg’filla I‘rom ()lehorro Nyukiel. Darker shades ol' green
in the quart/ites are due to the presence ol' iron ore and coloured micas.

t/J) Lauri/mini Qmu‘lzin's
l'he coarse quart/ites grade into the medium- to tine—grained. laminated. frequently

cross-bedded and rimilevniarkcd mica—poor quart/rites. They are Usually granular and
stained pink by iron oxide on grain surfaces. the best i|e\-'eloped current bedding was
usually observed in the granular Varieties. while the whiter and more compact variety
is more line laminatmi tl’late ll ti'H. Ripple marks tl’late ll (All appear to be equally
well preserved in both Varieties. there is a tendency for the more granular rocks to be
dominant in the south-east of the hills. round ()lkunyailie and ()loirien. while the more
compact variety predominates in the north-west round ()silalci. I‘rom where the rocks
grade southwards into muscovitc quartzites. proban as a result ot lateral t'acies change.

(iood exposures of steeply dipping current bedded quartzites can be seen along the
ridge on the north bank oli the ()lkunyailie river near its source. A gorge section near
the head of the ()loiiien river exposes more than 300 It. ot' laminated quart/.ites in
which the cross-bedding has been disturbed by folding. An impressiVe occurrence ol‘
folded cross-bedding. with displacement along planes ol‘ truncation between units. forms
a knoll on the north bank ol‘ the ()loirien river where it emerges onto the l.embere
plain {Plates [[1 (at. (h) and an. Sketches made at some or the localities are shown in
Hg. 2. Although only a tew measurements ot' cross~beddiug Were taken they Were found
to be ot' assistance in interpreting the structure and stratigraph} in this part ot‘ the l.oita
llills.

Massive
band

(b) inverted .' (4:) Folded

I-"ig. l—-—l)iagranunatie sketches of current bedding

Some of the outcrops display the asymptotic relationship ot lower t'oreset beds with
bottomset beds ol' the same unit tl‘ig. 3 (it). till). while. in others can be seen the wide
satiety ot" inclination. about it) to —l() . betWeen adiacent units (Fig. 3 (cl. Plate
lll it’ll. t/Ill. ‘l'here is usually too little data to say whether the variation in angles ot'



inclination is typical and how much til it is due to ditl'erent angles ot' exposure or to
(iel'ormation. Authorities dill’er on the maximum inclination of undistnrbed l'oreset beds

to the horizontal (as represented by the adjacent bottomsetsl ‘lwenhol'el {Wit}, p. 555)
cites 43 . l’cttijohn (“)57‘ p. ltrb‘) 3ft . and Shrock (l‘Hb‘. p. 224} 33 . 'l'wcnhol‘el also

states that greater inclit.ation is conseqttent upon more rapid deposition of coarser
matcriaL and that simple compaction will lead to reduction of the crossrbedding angles.
As l’eltijohn points out, det'ormations can either increase or decrease the angle ol‘
inclination; a rnaximtim ot 50 was observed in certain quart/ites in the l.|..'s'.A., but
the measured maximum did not exceed 40‘ in the Narok area.

At linkiu two exposures ot~ unusual laminated quart/.ite with patchy pink and purple
discoloration Were seen. one at the head ol‘ the ()lkunyailie valley and the other about
two miles to the south—west. they are apparently concordant with the surrounding rocks.
and at the more southerlv locality appear to pass upwards into more normal laminated
quart/ites. the texture in thin section resembles that ol‘ an unmetamorphosed arkose.
Specimen 505523. I'rom the ()lkunyailie river, is Very line—grained. the quart/ particles
seldom exceeding ().l mm. in diameter. 'l'hc y are set in a brown iron‘stained amorphoUs
base, mainly siliceous in composition. 'l‘hc quartz shows little sign ol' rccrystalliyation.
though there are t'ew larger grains. up to 0.25 mm. across. which have presumably
grown at the. expense of smaller ones. and partly enclose them. The second outcrop to
the south-west (specimen 5115525) consists oi' angular quartz grains averaging about
(1.5 mm across in a turbid base composed mostly of librous kaolinitc and serieitc
speckled with iron ore.

'l'hcse relatively unaltered sedimentary rocks are included in this section of the report
because of their apparent structural cont’ormity and upward gradation into obviously
rccrystalli/cd rocks. the reason for their unaltered condition remains obscure. and the
possibility that tlies are sediments of much later age [possibly tertiary) cannot be ruled
out.

tr} .-'\'Iu.ri‘uri!c Qnm'rzilm um! t‘s'Jr/Ioru'inuh' .S't'liisi's

Muscovitc quart/,ites are widely developed in the stitltl1—\\-*esttrr‘tt part ol' the l.oita
Hills in this area. they grade northwards into laminated quartritcs. presumably as a
result of lateral l‘acies change. In the south-eastern part ol‘ the hills they are also inter»
banded with laminated quart/ites. and repetition ot' the association between laminated
and mica—rich rocks in the outcrops round ()lkunyailie and t)lofrien is considered to
be due to folding.

'lspicallv grey and rather granular in appearance. the rocks contain appreciable
amounts of nnIscm-ite. easily Visible in hand specimen. Like the other groups the
muscovite quart/ites have variable lithology and frequently contain local bands and
lenses ol‘ Ilaggt' and massive pink and white quart/itcs. Rocks with more inttscovite
than usual have a schistosc :mpearance. and there are numeroUs places where pockets
and lenses of coarse nutscmite enrichment can be lound. the more typical granular
ntuscorite quart/ites exhibit catioris weathering. due to irregular masses ol' quartz. and
some surl'accs display cross—bedding and ripple marks,

Because of their relatiielt high mica content the rocks were not competent during
t‘olding. and are commonly contorted tl’late lll tc/i); there is much variation ol‘ strike
and dip even in small exposures. making measurement very ditticult. More regular
eontortions in the town of small open or isoclinal t‘olds are sometimes t'ound.

Specimen Stif'fitlt). truth the ()serolcmberc ridge. is a typical grey, granular; Slightly
llaggy‘ muscovite quart/ite. with elongated quartz grains l'orming a crude lineation.
In thin section the quart'l mosaic is seen to contain ragged hilt well-oriented tlakes of
mus-covitc and very pale brown to colourless biotite. Specin‘icn 50,527. a linergrained
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\‘Irrietjr t'rom linkiu, has a more regular and uniform quartz. mosaic IIvith poorly oriented
Irrttscovite marginal to the quartz grains. Patches of brown amorphous silica and a little
kaolinite are also present. Specimen SW50? is II coarse pink. llIIggy rock from a hand
in the muscovite qrrartzites forming ()lkunyailic trill: the t .Iggy parting shows appreciable
sur‘l'ace concentration ol" Inuscovite. but the remainder ol the rock is identical to the
coarse quart/.itcs previously described. l'ltHll the mica-rich rocks in the eastern part of
()llttmyailie, specimen ,‘Itlffill is soil and schistosc. with kaolinite specklirrg and an
overall pink L‘UlUl'llllUIl due to iron oxide; the slide shows well—deIIIeIopcd muscovitc and
quartz. and traces ol‘ t'elspathic alteration products. A typical Irrica—rich pocket on
t)sero|enrbere [specimen StUSlll contains pale green muscoI-ite tlakes up to l cm.
across. with granular quartz. 'l‘hc coarse mica l‘oliation ls corrugated in these outcrops.

t3) NIIIIXMURI’HHM \Nl) l'VlI-‘Irsorsmrrssr

Biotite gneisses in the area represent original sII.-IIIi—pelitic sediments. and the amphi-
bolite hands within them are posslhl}; the reconstituted remains of thin impure limestone
beds. The quart/ites ol' the loita llills hare undergone little ch attic: II change during
recrystalli/ation l'I'oIII sandstones. and preserse many» original sedimcntary leatures.

The mineral assemblages in the amphibolite hands and their calc-silicate inclusions
can be referred to the almandine-diopside—hornblende sub«t'acies of the .Imphiholitc
lacies (Turner and Verhoogen. l‘l5l. p. 45‘). and cl'. Saggcrson. r900. p. 35). The
present mineral composition of some ot the rocks has also been achieved by chemical
addition ot' material not originally-I present in the sediments. ’l'he \r-‘idespread growth ol'
IIIicroelirIc in the seIIIi-pelitic sediments indicates that potash Irretasomatism has taken
place. but there is little or no evidence of similar IrrL-tasonratisrrr in the amphibolites and
quart/ites.

In all the qIIart/ites exanrincd from the l.oita Hills snrall Inuscovite flakes and some—
tirncs iron ore crystals are enclosed within the larger quart! grains, particularly in the
coarser varieties. the quart/ ot‘ these coarse-grained rock-I also contains rare. small
blebs ol‘ usuallv l'resh microcline. while in the liner—LII: rined types Iarsing amounts ot'
tclspar alteration pII.rduLts are almost entirelr contined to the interstices between grains
though sortie “etc also found as inclusions. It Is consideILd that there has been no mcIt r—
somatic action in the atcnaccous rocks and thrt almost all the chemical constituents
no“ present were components ol the original sediments redistributed during Iec'IIIystrl
li/ation which accompanied loldinII

The most L‘onrincing cridence ol‘ a high Irrctamor‘plric grade without utctasortratisnr
in the quart/ites comes t‘ronr the llaso Ngir'o exposures near legorinyo where coarse
and micaccoIIs quart/ites ar'c interbandcd with biotite gneisses and associated anrphi«
boliles. they must have been subjected to the saIrIL metamorphic processes as the
surrounding more pelitic and calcareous rocks. but like the latter proved to be
impervious to Ii‘ctasoIIIIrti/ing fluids.

The occurrence ot‘ alnIost pure quart/itcs among nIIIiti/eLI rocks has been reported
from many other parts of ls'cma including the areas to nest and south Milliams IUM
and Sagger'son l‘Xrtr). lotrbLIt tl‘)>7l IIIIIppcd quart/ites inler‘handed rrith quart/o-
tclspathic gncisses in the NI InI: Inga— Bissel area. and noted the resistance ot these rocks
to granitiring fluids. lle traced the lclspathi/ation ol tIIrt/itcs into gneisscs and
suggested (op. cit. p, 29} that the first stage ol‘ gt".tlllll/.:lllt)ll ol‘ the quart/ites wars the
introduction of muscovite. possibly along bedding planes. The presence ol‘ nruseovite
in quart/itcs ol' the Narok area is considered to be due to IccrrstIiIll' ration ol detrital
llakes in the original sedinrerrts particularlv sinLe iurrctiotrs between quart/o telspathic
gneisses and qu: III/ites were always seen to be cIleIII), delinLd and sharp In the Kitui
area Sanders HUS-t p. 17) accounted for a similar association bs' snegestirrII that
dillcrential re— IIIsion removed tels‘pathie L'oIIslituents lronr initially more arenaceous
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arkosie sediments. This would lead to progressive enrichment in quartz. with almost
pure. quartzites as the end product. 'l'houeh possibly aetive on a small scale. such a
meehanism is not considered to have had a widespread ell‘eet in the present area. in \ie\\'
of the considerable amount of virtually l‘elspar—lree l'uelss preserving sedimentary leatures
which would probably have been obliterated at the temperature required to lose t'elspar.

Original :N-"uture of the l’smmuilit' Sedinreim

(‘urrent—l‘iedding, ripple marks and possibly even stm—eraeks preserved in the rocks
are prool‘ ol' the very shallow and sometimes littoral origin of the sediments. whieh
were probably deltaie. 'Ihe grain si/e ol' the eoarse quart/hes eannot be dtie to re—
ei'ystalli/ation alone: if it were there would be no liner—grained quart/ites. and the crude
ripple marks- and eurieat—bedding stroetures Would not have been pl'esel'\-’etl. Prior to
izietamorphism the quart/ites must originallv have been almost pure sandstones with
some miea and probabl_\-' a little I'elspar. as well as other minor eonstilueats. ‘l he liner—
grained qaI'I/ites thus represent original liner-grained sands. "l‘he laminated eompaet
rocks are best developed in the north—West part ol. the l,oita llills. while the best
eurrent—lwdding is seen in the south-east. 'l he laminations are probablx a i‘orin of graded
bedding and indieate that the sediments probably aeeumulated under less turbulent
eouditious than the strongly ettrreut—bedded Itiieaeeotts sand. 'l'lte laek ol' miea in the
toeks enabled them to behave relativeb eompetentlv during: folding llv eomparison the
museovite quartzites l'ormed l'rom inieaeeous sands were eontorted to a far greater
degree. with sedin‘ientarv l'eatures onlv rarelv preserved.

2. Volcanic Rocks
Voleanie activity in the Narok area extended from the Mioeene to the elose ol' the

l’leistoeene. 'l‘he dominantly sodie compositional trend of the lavas and the frequent
shift of erutuive eentres with corresponding sudden ehanees in lava type are tvpieal ol'
the Ril‘t \"allev voleanie provinee.

[or purposes ol' description the \oleanie roeks have been divided into groups.
tabulated below with their estimated relative ages:

(7) l’yroelasties l
(u) 'l’ull‘s .
(bl Ashes l

((7) ()livine melauephelinite plugs I
(5) Angata Naado traehvtes li’leistoeene
(4) Plateau traehvtes [
(3) Alkali basalts ;

[a] Seyabei olivine basalt I
(b) lldungisho basalt l
(e) Alkali basalts l

l
l

(2) Phonolites
(a) Group I phonolites
(b) (iroup ll plionolites l

(I) Kishalduga melanephelinitcs
ta) lVlelanephelinite lavas
(b) ()livine melanephelioite lavas
(r) ()ligoelase tephrite lavas
((ll Anorthoelase~bearing lavas
(e) Nephelinite lavas
(fl Intrusive nephelinites l

% Miocene

I

(ll Kirsil \l ootu MI‘I...-\NI:PIIiiiNiI‘i-js

'l‘hese rocks extend into the present area from the north—east corner of the Loita
llills area immediately to the south, where they have been described and lieured bv
Saggerson (Nob. p. 38, Mg. 5). Their eastern limit I'ollows the line of the disseeted faith
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scarp ridge of the first Naitiami l‘ault extending south from Legorinyo. suggesting that
the original tissure or line of vents coincided with the later Naitiami fault line. There
may have been a second and smaller eruptive centre north—east ot‘ lintapot. The base
ol' the lavas can be .seen in only tWo places. At legorinyo. in the Uaso Ngiro valley.
the lavas rest on the downowarpcd sttb-htlioccne surface. and lap round the former
inselbergs which rise aboVe it. Here the thickness ot‘ the pile is about 900 it. and must
be. close to the maximum. although northwards the lavas rapidly disappear due to
thinning and burial beneath later volcanics. In the ()longoirenito valley farther south
the thickness has decreased to about Stlt) it. because. ol a dome in the sub-Miocene
surface. The lava base has an appreciable westerly dip on the Western side ol this
feature. South of the area boundary the thickness again increases to ‘Jtttl l'l. (Haggcrson.
ION). p. 28}. Around legorinyo the flat. upper surfaces of individual lava tlovvs make
bench—like l'eatures in the lava terrain. lixposures are insutlicient to enable thicknesses
ot' individual flows to be measured. but they probably average about fit) It in the area
to the south the lavas have a gentle Westward tilt. possibly due to movements associated
with rift faulting (Saggerson. I‘ltin. p. 3th. but no regional tilting was detected in the
present area.

Most of the lavas are basic in composition. dark and heavy rocks. often amygdaloidal
and rich in pyroxene phrnocrysts. with less common olivine or olivine pseudomorphs
(iood outcrops are. found only in river sections where the more amygdaloidal lavas
Usually show spheroidallv weathered surl‘aces. lilsewhere the ground is scrub—covered
and littered with rounded boulders ol~ lava. and the underlying rocks are obscured by
soils and white calcrete deposits.

in) Mi‘luin'p/n'iiuin' {artis-

'l'he bulk of the succession is made up of rocks rich in augitc with olivine repre-sented only by pseudomorphs and with nepheline and analcite in place of l'elspar.
Specimen Stlli’LHs‘t l'rom the ()longoirenito valley is typical. The hand specimen is rich
in pyroxene phenocrysts and contains a number of bronze—coloured oli\ine pseudo—
morphs and white amygdales. In thin section the subhedral. elongate. pale yellowish
brown augite phcnocrysts are seen to be twinned and zoned. and sometimes occur in
glomcroporphyritie aggregates, marginally corroded and packed with granular iron ore.
A turbid and l'aintly pleochroic serpentine mineral. together with a little calcite. forms
pseudomorphs at'ter olivine. and there is much granular nepheline. Usually in aggregates.
and. iron ore in irregular grains. 'lhe groundmass ot’ the rock consists ot' augite laths
and iron ore granules set in an isotropic base. probably of" analcite. There are also
irregular interstitial and ophitic [lakes of l‘oxy—I‘cd to yellow biotite. small patches ol'
greenish serpentine aml some yellowish brown staining ol' the isotropic base. perhaps
due to oxidation. The amygdales are composed of isotropic analcite and other ‘lcolites
\vith libr‘otts and spherulitic habit. Other rocks collected from this group are similar.but vary in minor details. Augite phenocrysts are variable in amount. and may even
be absent altogether (specimen Sill/442 from the upper ()longoirenito valley). The augite
in these lavas is probably highly titanil‘erous. judging from the colour, and it has a fairlysmall optic angle. Nepheline is not always positively identiliable in the groundmass
te.g. specimen 50/405 from the loWer Kishalduga valley) so that some ol‘ the rocks may
be almost mela/colititcs. although paucity of nepheline may be due to late stage altera
tion. Brown iddingsite is occ:.tsionally present in the olivine pseudomorphs but red
hiotite is rare. while the groundmass staining varies in intensity and colour l'rom
greenish to yellovv—lu'own. In specimen 50/404. from the lower Kishaldnga river. the
amygdales contain Well-developed natrolite in large elongate crystals.

A poorly exposed junction between [WU lloWs was seen in the Kishalduga river about
three—quarters of a mile north ot‘ the confluence with the ()longoirenito. A grey lavapoor in amygdales and porphyritic pyroxene passes dmvnwards into liner—grained, linely
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vesicular and scoriaceoiis rock. with a distinct pink colour due to oxidation. This How

has been disturbed by a vertical fracture and the underlying flow has a gentle Westerly

dip. 'l'he overlying Hills are horizontal.

A well—preserved ancient Weathered melanephelinite surl'acc Was l‘ound in the Ntuka

gorge. jttst downstream t'rom the waterfall. where there is a Well-e‘sposcd undulating

contact between reddcncd melancphelinitcs and the overlying thick tutl‘s. In thin section

(specimen SUE—Hot the laya is seen to haye been altered to brown iron oxide and calcite.
which vein one another. while pale green pyioscne phcnocrysls are the only unaltered

minerals remaining.

'l'hc northernmost melanephelinite Ckpustll‘cs occur in the llaso Ngiro valley. where

the rocks are seen below phonolite and ashes in stream channels. Although possibly

originating from a dill'crcnt centre these lavas only dill'er t‘rom those described above

in being slightly more densely charged with granular iron ore_ In the leshota river _iust

downstream limit the Naitiami lault—linc a currcnt—lwdded grit deposit. composed ot'

small, rounded melancphelinite grains. t'orms part of the valley wall. In thin section

tspccimcn itlH‘J—ll the grains are seen to be detiycd from a line—grained sparsely

porphyrilic variety ol‘ nielancphelinite with much red—brown iddingsitc. presumably

pscudomorphing olivine. l'ragments ot~ augite also occur in the sediment.

tit) Ulirinv inci’am'phi’iiuile (arm

Augite-rich olis-ine-t‘ree la\as occur up to a height ol' about 5,850 ft. in the succession.

'l'he only specimen ol‘ olivine melanephelinite collected. 50;"),47. was taken near the

()longoirenito river at 5.000 it. It is probably l’airly representative of the 300 to 300 ll.
of such roclss which are thought to make up the top flows of the melanephclinite series

tcl. Saggerson. Woo. p. 28). The rock contains phcnocrysts of augite and green olivine

up to 3 mm. across. 'l he olivine appears to be a normal magnesian variety, and is slightly

altered marginally and along cracks. to brown and green serpentine. In other respects

there is no appreciable dill’erence between this rock and the augile—rich lavas described

above.

trl ()Ii'lum'lmi' [up/trite i'm‘ux

A sample (50/452) from near the base ot‘ the succession in the Olongoirenito valley

at about 5.050 ft. altitude contains oligoelase. but otherwise resembles the melanc-

phelinites. [t was collected just above the junction with the gncisses some tWo miles

West of lldungisho. and contains augite phenocrysts. l‘aintly pleochroic l'rom pale yellow
to pale violet. in a tine~grained basaltic groundmass ol‘ small random oligoclase laths.

intersertal granular augite and iron ore. and patches ol‘ pale green chlorite. in a partly

isotropic [colitic base. Nepheline may be present but vras not identified.

In the lowest lava ol' the ()lorigoirenito succession (specimen flit—183 t'rom limugur

()lmoruo] irregular amygdaloidal patches contain anisotropic zeolites and a little acicular

oligoclase. None ot~ the other rocks examined from the melanephclinite series contains

any trace of plagioclase, but a calcarcoUs band ispccimen 5tti‘fi7b’) in a clay deposit just

south-east ol' ()longanaiyo contains lragments ol‘ melanephclinitc with iddingsile pseudo—

morphs together with fragments of a similar basic lava carrying appreciable amounts

of well—lormed plagioclase laths, determined as andesine.

til) AHort/uit'lmi'~I'Jt'iiriny firms

Specimen 50,3400. collected from about .1]. miles north—West ol' ildungisho. dil‘I‘ers

appreciably from the other lavas in this series. The augite phcnocrysts are similar.

although one large augite aggregate is associated with dark green-brown serpentine.

'l‘he groundmass consists o:" irregular patches and Veins of anisotropic leolite. with
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t‘elspar needles. nepheline. a little aegirine and rare partly altered olivine. in a matrix
ot‘ augite. l‘elspar. iron ore and zeolite, 'l‘he patches are associated With dark green
serpentine. small irregular flakes ot' red to yellow hiotite and irregular. elongate. simply
twinned anorthoclase phcnocrysts. sometimes in crudely radiating sheaves and crowded
\tith granular augite and iron ore. ’l'he anorthoclase is extensively resorhed and cannot
hase been in equilibrium with a dominantly melanephelinitic magma. A similar lava.
much younger in age {specimen 4} 1127). was collected by R. M. Shackleton from the
\icinitv ot‘ ll l’ejeta. in the north of the Nveri area.

ll') .‘i\‘lt"r')ll('!!/I”linft' (arm
A section in the ()longoirenito river. 5'. miles east ot‘ the Narok-Narosura road at a

height ot‘ about 5.85” l't., exposes the l'ollowing succession:
lutls .. .. .. .. .. . .. .. .. eh’l't.

(ireenis'h weathered upper lava surtaeet‘.’) . . . , . . c. 2 it.

Nephelinite (not distinguished on map) . . . . . e. 20 it

Amtgdaloidal melanephclinite . , . . . . . . . , c. It) It,

the lowest lava [specimen Stu-“tot. a melanephelinite ahead} mentioned above)
e\hihits good spheroidal Weathering. and the numerous amygdalcs in it. often morethan an inch across. are mainh l'ormed of calcite.

'l'he overlying nephelinite tspecinten 5(J.i"~l(itll is non-ainvgdaloidal. lighter in weight.
faintly greenish and only sparsely porphyritic, l he junction with the losver lava is not
marked by an erosional hreak. htil is gradational. lhe law is rich in nepheline micro-
['tl'lL‘ltttct'}slS, occasionally Well l‘ormed but usually shapeless and veined Willi alteration
products. particularly round the margins. The acieular purplish augite phenocrysts. as
well its the minute needles and prisms ot‘ augite in the groundmass. ol'ten have a green
colour. indicating a gradation to aegirine-augite. YelloWisli—brown and minutely lihrous
serpentine also forms irregular patches enclosing groundmass minerals. Iron ore is
present as small grains in the groundmass ol‘ the rock and its smaller. hcttcr-lormedgranules in the numerous relatively clearer patches ot‘ late-crystalli/ing analcite. which
also enclose a little pyroxene. occasional apatite and rare sphene. 'l'his rock is very
similar to nephelinite samples from Kilimanjaro lavas in the '[aveta area (Hear IUSS.
p. 32'! and the l\gong llills region (specimen Slit72}.

'l‘he Weathered rock tspecimen Stlt-loll overlying the nephelinite may represent an
altered upper surface. It is green and highl} veined in hand specimen. and in thin
section is seen to he composed of brown serpentine veined with calcite and containing
mneh spherulitic /.eolite materid.

l‘urther up the ()longoirenito river there are two restricted exposures of similar lava.
richer in nepheline and poorer in porphvritic augite. Specimen Slit-150. l'rom hlockv
Jointed lava exposed in the river banks at l ' Jtl’ 5.. 35 53’ If. approximately. is a dark.almost llinty rock. It contains numeroUs mierophenoer}sts ol‘ t‘resh. eultedral nephelineshowing square and hexagonal sections up to a halt' millimetre across. accompanied by
twinned microphenocrysts ol‘ pale green augite and irregular iron ore grains. 'l'he
groundmass is crowded with small nephclines'. not more than 0.] mm. across. and litte-grained prismatic and aeictilar pale green augite. which in some crystals is seen to
darken terminallv to the colour of aegirine. There is much minutely granular iron ore
and scattered grains ol‘ dark. pinkish brown perovs'kite. often in elongate crystals. The
base is isotropic. with patchy yelloW—lu‘mvn staining. and there are a numher of roundedamygdaloidal patches ot‘ dark brown amot‘phous matter. In one part ot‘ the slide a
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large amygdale ol~ xeolitc and nepbeline containing a number of pale green ragged

augite laths is adjacent to a large purplish augite phenocryst. typical of those in the

melanephelinites, but grading marginally to a pale green colour and suggesting that the

nephelinites are dilicrentiation products ol" a melanephelinitc magma. Specimen 5(1/47l.

a llinty green rock I'rom the circular outcrop about a mile downstream from the last-
mentioned exposure. consists mainly of an extremely line-grained greenish isotropic

groundmass in which are set euhcdral nepheline microphenoerysts up to 0.5 mm. across.

often in glomeroporphyrilic aggregates. and much Well-l'ormed. second—generation

ncpheline. up to (Ll mm. l'l.ere are rare grains ol‘ iron ore and perovskitc. The matrix

is mainl} composed ol' minutely acicular pale green augite, and there are irregular
calcified patches. 'lhe rock is also irregularly veincd by coarser material similar to the

groundmass ol‘ specimen Stlr'45n but containing more [colite associated with pale green

augite and aegirine needles. granular perovskite aggregates and minutely granular iron
ore which partly rims the irregular veins.

'l‘hc nephelinite lavas are probably dillerenliation products ol‘ :1 more basic magma

erupted on lloWs ol' melanephelinite from a centre about live miles West ol' a main

tissure or line of vents.

if) Intrusive t\"r(‘f)]l(’[I-Hlllt‘

Highly porphyritic nepheline-rich rocks are exposed in bouldery outcrops along a
mile—wide strip betWeen the Kishalduga and ()longoirenito rivers, about I'our miles West
of the Narok-Narosura road. In the ()longoirenito river they are tlankcd on either side
by the two restricted nephelinite lava exposures just described. and it is possible that
the porphyritic rocks till the vents from which the ncphelinite lavas were erupted.

An intrusive contact betwL-en porphyritic nephelinite and melanephelinite lava can be

seen on the north bank ol' the. Kishalduga river at latitude l ' 2V 8.. longitude 35 54’ 15.
The iriti'usive porphyritic nephelinite is greenish in colour and crowded with rectangular
nepheline phenocrysts up to 2 cm. long, which are etched out on weathered surl'aces
and give the rocks a very distinctive appearance. In thin section [specimen Sttib’) the
nepheline phcnocrysts are seen to he penetrated in a number of places by a ground
mass composed of small euhedral nepheline crystals. acicular augite and granular and
acicular iron ore. set in an isotropic analcitc base. frequently stained yellowish brown.
'I here are also large irregular grains of iron ore. some poikilitically enclosing smaller
nephelines. rare iiiicrophenoerysts ol‘ purplish augite and a patchy calcilication.

lhe Kishalduga melanephelinite series is one of the largest occurrences ot‘ basic.
Virtually l'clspar—lree lava so liar mapped in Kenya. and is certainly the oldest melane~
phelinilc series which can be reliably dated. The suite ol‘ tephlitcs. basanitcs. melanc—
phelinites and nephelinites. described by Hinge HUGE) from the Kericho area. is similar
to the ls'ishalduga series but is likely to be younger since those lavas are underlain by
the Miocene Kericho phonolites. In the Narok area phonolites ol‘ similar age to the
Kericho phonolites rest on the melanephelinitc series. Melanephelinites and nephelinites
also form part of the sequence in the Ngong ||i|ls. which Silies (I‘H‘). p. I”) considered
to have been ertipted from a north—south tissure as were the Kishalduga melanc-
pliclinites. Both Sikes (op. cit.) and (ievaerts ”057. p. 7). however. consider the lavas
to be Pliocene in age. rather than Miocene. Baker (l958. p. [5) described a small
occurrence of olivine l'ree melanephclinites lrom among the ()I Keju Nero basalts near
()lorgesailic. and correlated them with the Kirikiti basalts. which he considered to be
or Pliocene age. Elsewhere in the country there are demonstrably younger melanc-
phelinites and olivine melanephelinites. including possibly younger lavas forming plugs
in the present area.
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t2) l’ttoNoirrtis

Phonolites are widespread in the east—central part 01‘ the Narok ar ra. 'l'hey form the
()Ienguluo plateau and overlie a nearly llat surface of melanephelinite lavas some IWo
miles west of lintapot. In this region the phonolites reach their maximum thickness of
about 900 t't.. and are ot' tWo distinct types. The more widespread lower group. with
a maximttm exposed thickness ol' about 400 it. underlies the northern part 01‘ the area
as an extension ol‘ the Matt lavas. and is seen almost as far south as ()lomorooj. 'l‘he
lavas of this group have been termed Group I phonolites. lavas ot' the upper group.
designated (iroup ll phonolites. have a maximum thickness ot‘ about 500 It. and are
conlined to the region round Olenguluo and to the low dome—shaped hills of ()lomorooj
further south.

tit} (Emit/1 I' I’Iittiioi’itt'x

the older phonolites seem to have formed llat flows in the plateau country of eastern
()lenguluo mcrlooking the llaso Ngiro river. and benches some it) to 75 it. high in the.
gorge of the river are thought to tnark iunctions between indixidual phonolite lloWs.
'lhe lavas have grey and pitted weathered surfaces; they are dark. hard. tlinty rocks
containing roughly rectangular phenocrysls ol' nepheline up to 3 cm. long with rarer
tabular alkali l'elspar crystals of similar size. and are often amygdaloidal. In many out—
crops the phenocrysts are aligned and the amygdales streaked out in the direction ot‘
tlow. /\ columnar jointed llow was seen in the Narok river some .1: miles north-West
ot~ Narok. and flaggy jointing is often developed with random and rapidly changing
orientation. even in small outcrops. and is probably due to local tlow eontortions in the
original lava.

In specimen FUHJI. from the Narok river two miles north—west ot' the town. the
sanidine and nephcline phenocrysts are t'resh. 'l’he lormer is seen as tabular (‘arlsbad
twinned crystals up to 3 mm. long in section. in a glomcroporphy'ritic. interpenetrating
aggregate; the crystals are corroded terminally and margined by granular iron ore
inclusions. 'l‘he l'elspar phenocrysts are sodic. and have refractive indices in the range
l.5l‘) to I528. Nepheline also occurs in aggregates of marginallv corroded and rounded
crystals up to 2 mm. across. Microphcnocrysts ot' euhedral apatite and iron ore. ol'tcn
together, are. also present. The line-grained groundmass consists of numeroUs alkali
l‘elspar needles. probably similar to the phenocrysts. not exceeding 0.] mm. in length.
irregular ophitic grains of pale augite. a little reddish brown to COlUlll'lCSs' hiotite. much
granular iron ore and prolmbly nephelinc. the base is largely isotropic analcite with
brown staining. Associated with the phenocrys‘ts are anisotropic zeolites. sometimes
spherulitic in habit. 'l'wo other samples tfittf-lZsl and 427] from about [“0 miles up—
stream l'rom Narok and at about the same attitude ((3.200 it.) are similar and maybelong to the same flow.

Specimen Fth-ll‘) collected near Narok prison is typical of the (iroup | phonolitcs
in this northern region. It is similar in general appearance to those just described but
kataphorite and ophilic cossyrite have become important constituents at the expense of
augitc. which persists however in ragged microphenocrysts and groundmass granules
and is sometimes marginally gradational to aegirine. The only other noticeable dill'erencc
is an increase in the area ol‘ groundmass /.eolitc enrichment. mainly analcite. in which
radiating aggregates of small riebeckite needles can be seen. The thin section of specimen
FtltSJl from I“. miles south ot‘ Narok was seen to contain a very dark green pleochroic
amphibole. associated with calcite. iddingsitet‘H and apatite.

Many of the weathered (iroup l phonolites are pink in colour and in thin section
show only nepheline and acicular licls‘pars in an amorphous matrix.
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(/7) (from) H I’Iimmlitex

On air photographs this group of phonolites can be distinguished I‘rom the plionolites

of Group I by a less dense vegetation pattern and also by the domed and lobed termina-
tions of the lava flows suggesting that the (iroup ll phonolites were more viscous than

earlier flows.

the rocks are readily distinguished in the lieldt having a smooth brown weathered

surl'ace and tent phenocrysts. l'resh surl'aces are tisiiall_\- dark grey. as in the (iroup |

lavas. but the rocks are ol'ten speckled and streaked with pink due to local enrichment
in analcite. as in specina-n itttfitita l‘rom ()lenguluo, l’erromagnesian minerals are less

abundant than Usual in the rocks of this group, so that the opliitic mossy aggregates ol'

aegirine. cossvrite and lsatapltorite are conspicuoLIs in a mainly isotropic and lightly

hrmvn—stained gi'ottndinass No augite was seen and iron ore is rare. ()ther samples from

this group are similar, though usually richer in darls minerals and correspondingly less

speckled. l’henocrysts of both nepheline and sanidine, the l'ormer ol'ten in glomero—

porphyritic aggregates, are \isible in some ol' the thin sections. Specimen 50,505. l‘t'om

the top of the succession at ()lenguluo. dillers lion: other specimens in containing

granular aegirine almost to the exclusion ol soda—amphiboles.

'lhe low domed hills of ()lomorooj are also formed of (iroup ll phonolites, and their

shape resembles the bubble—like cumulo-tiomes which result from local eruption ol‘
\tscotls magma tt'otlon. I‘ltal. p. ISO). 'l‘hc phonolites forming the northern hill are
more streaked and speckled than any others seen in the area. lixamination oli thin
section Silt—W? slimvs that there has been some alteration. the xeolitic component being
more turbid than in specimen 50/500 described above. '\ microphenocrvst ol‘ aegirine-
augite was seen in the thin section ot' specimen SUI—I‘M) from the same locality.

A single flow ot' (,iroup ll phonolite (specimen fittt'fivll) is intci‘calated among the
(iroup l lions ol‘ the llaso Ngiro gorge, It “as found about 30“ it. below the top ol'
the (iroup l succession on the east side of the gorge about live miles downstream from
the Narok conlluence.

Schoeman [I‘M‘L p. 28) described phonolites ol‘ Miocene age I‘rom the Sotik area

{the southern extension of the Kerieho phonolites. Hinge. Wol. p. 35). some ot‘ which
are almost identical in appearance to the (iroup l phonolites ol' the Narok area.

The restricted outcrop ol‘ the (irotlp ll phonolites in the Narok area suggests that
they derived l'rom a local eruptive centre at ()lenguluo l‘rom which one or more early
lloWs erupted among the (.iroup I lavas bel‘ore the main extrusions ol~ the more viscous
aegirine—rich lavas. lt is also possible that some ol' the (iroup l lavas in the south Narok
and [law Ngiro valleys \vere erupted from this local centre. The time interval between
the last (iroup l tlov~ and the commencement ol‘ the main phase of (iroup ll lava
extrusion is not possible to assess.

'l'he \"liocene pbonolites ot' this region can proban be correlated with the Miocene
llasin (iisliu phonolites north ot the K:t\it'tttttlo Rill Valley. and also with the wide—
spread lx'apiti and Rumuruti phonolites on the east side ol‘ the (iregorv Ril‘t Valley
which are also ol' Miocene age.

t3) Aishui lhs'u'i Stuns

'l he rocks included in this group are the alkali basalt lloWs capping and interdigitating
with the tulls and ashes in the Seyabei and llaso Ngiro valleys. as Well as two outcrops
of more normal basalt‘ one in the Sevabei river and another. much smaller, near
lldungisho.
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tut .S'tfirui'n'i ()lit'iut‘ Brim/'1

/\ two—mile strip ol‘ dark eolumnar—jointetl olivine basalt tspecimen 50550) is
exposed in the bottom of the Seyahei \-'alle_v about three miles south of the main
Nairobi roatlt It is composed of ragged plagioclase laths. including inicrophcnocrvsts
up to l mm. long. some or which have extinction angles corresponding to a mid—
lal‘iratlorite composition although much ol' the grountlmass l‘elspar mav be less calcic.
()livine occurs as I‘resli microphenocrvsts antl as small grains in the grountlmass.
l’urplisli aueite also occurs in the groumlniass as opltitie aggregates which have mostlv
been converted to acicular antl tltls‘ly iron ore. Intersertal patches of analcite. stained
green and brown are also present. thus giving the lava a basanitic character.

(It) “(It/11.21.51”? ()Iiri/ie “an“!!!

()verlying the. hills in the south hank ot‘ the ()longloirenlto river at the base ol" the
lltlungisho trachyte plateau there is a small e\posurt ol‘ vesicular lava (too small to
distinguish on the map) originally thought in the field to he a tr icliytc. but l’ountl on
examination in thin section (specimen 505478) to be basalt, It has manv olivine pseudo-
morphs, both as brown and green phcuoervsts and as grains in the erountlmass. which
also contains lahratlorite and granular purplish augite, and iron ore in grains and large
irregular masses. 'l'he lava overlies lull's L‘Ulllillltlltfl l‘ragmeuts ol‘ plateau trach}te
(specimen 50,3480} and is therefore much younger than the trachytes. so that correlation
with the alkali basalt series lurther north in the Sevabei valley is possible.

lt'l xii/stilt [amt/H

'l'hiek ashes and tull hands outcropping between the llaso Ngiro antl Seyahei rivers
are capped by extensive. [lows of alkali basalt. tisuallv less than 5t) t‘t. thick. l‘orniing
the plateau country ol‘ t)letug:ithi and l-‘namankcon. they overlap the ashes at twu
places to rest on older lavas. on melanephtlinites north ot‘ legorinvo and on phonolites
l'our miles downstream I‘rom the Nttt'ttls‘4lttstl Ngii’o eonlluence. Small exposures ot‘
similar lavas outcrop among the ashes in the sitlcs ot' the Seyahei valley south of the
Narok-Nairohi road and there is a long, strip exposed along the loWer part ol‘ the valley
north ot‘ the cabei Mission. The alkali basalts are almost certainly the products of
quiet lissurc eruptions. probably along the ()letugathi fault line,

Specimen St),-’537 from the ltaso Ngiro vallev approximately ten miles south of
Narok is composetl mainly of siib-paralleL ragged, slightly zoned oligoclase—antlesine
latlis. with microphenocrysts ol‘ andcsinelabratlorite up to l nun. in length, the
specimen also contains mierophenocrysts ol' purplish and slightly pleochroic augitc.
which is also present as granules in the groundmass. Apart from granular iron ore the
only other constituent is reddish brown itltlinitsite pseudoniorphing elongate micro—
pl*ienoci'_\_-'.sts and groundmass granules of olivine. l‘he specimen was taken from alkali
basalts l'orming the ()letugathi blateau; the basalt rests on about 400 it. ol' tull‘s antl
watcrlain ashes. antl is thickest just north of l-‘nkorika where at least 75 ll. ot~ lava are
exposed without visible base.

The small outcrops of alkali basalt at various levels in the sitles ol' the Sevabei valley.
above the linamankcon llow, represent later [lows erupted during the continued tteposr»
tion ol' partly waterlain pyroelastics on the downtlirow sitlc ol' the ()letugathi l‘ault. ’I'Wo
samples Were collected l'rom atliacent small floats on the eastern side ol‘ the river ahout
l'. miles south of the. Narok—Nairohi road Specin‘cn .‘tlg‘aso is vesicular .‘tllll rich in
tabular andesine-laln‘atloiite phenocrvsts tl\C|'ttL{lll_L' 2. cm. across. 'l'he grotintlmass eon~
tains many ragged laths ot‘ oligoelase—antlesine. prismatic and granular pale purplish
augile. granular iron ore and patches of amorphous broWn material. There are also
patches ol~ interstitial grey liht‘olls /eo|itc. the overlying linegrainetl lax-a (specimen
50,655) is highly vesicular. but unusual in that main ol" the vesicles are lillctl with .small.
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curved. yellow tlakes. probably of stained analeite. The rock is closely similar to the
alkali basalt ol' the ()letugathi llow. the lir'st to be described above. but contains in
addition iddingsite pseudomorphing groundmass granules and elongate mieropheno—
erysts ol' olivine.

'l‘he lavas exposed along the north Seyabei valley have about the same gradient as
the riyer. for the upper surt'aee maintains a more or less unit‘orm height ol‘ between
St) and ltltl ft. above the valley floor along the length ol' outcrop. 'l'he lavas must
there-lore have lloWed down the southern slopes of the Matt highlands. and may have.
originated from a northerly continuation ol‘ the ()letugathi tissur‘e.

t4} PrairAts 'l‘rmr Irs'rr-s

Up to Slit} ll. ol‘ Pleistocene plateau trachytes occur in the south—east of the Narok
area. probably the products of quiet lissure eruptions along the Naitiami fault line.
together with similar lavas in the area to the south [SaggersorL lUbtr, p. .13]. the
traehytes are a thicker north—westerh extension ol' those l'orming the l.engitoto plateau
in the lVlagadi area, considered by Itakcr tl‘l58. p. l8] to be early lion's ol' the esterrsiy‘e
lava sheets now covering much ol’ the southern Rift Valley lloor. although the latter
must have been erupted l'rom lissures east el‘ the Naitiami I'ault line.

the. lavas thicken northwards from the Iengitoto plateau into the present area. at
the expense ol‘ the Kirikiti basalts which probably thin in the same direction and have
in addition been overlapped by the trachytes. ’l‘he traehyte outcrop seems to stop
abruptly at the latitude ol~ linkor‘ika where it is thought to have formed the southern
barrier ol' the earlier Pleistocene lakes in this region. Between 40” and Sllll lit. 01' lavas
are L‘Xpos‘etl in the south—eastern corner ol‘ the area where they may have dammed
the ()longoirerrito rirer to form a small lake. 'lhe series thins northwards and at
legorinyo tr'achytes banked against the melanenephelinites are only a l‘ew tens ol' feet
thick.

ln some outcrops the trachytes have a random llaggy parting due to the weathering
ol' Ilow laminations: they ban: a thin. dark brown Weathering skin, but l'resh sur'l'aces
are grey and ol‘tcn have a pronounced sheen. ln thin sections specimen 50/470 from
lldungisho is closely similar to the plateau traehytes in adjacent areas (Baker. 1058,
p. IS; Saggerson, Who. p. 32). Rare nrierophenocrysts ol' clear. tabular" (’arlsbml—twinned
sanidine about US mm. long are set in a groundrnass ol‘ “my—oriented sanidine laths.
the remainder ol‘ the groundnrass is made up ot‘ intersertal and ophitic eossyrite and
kataplrorite. and less important aegirine, there is also a reddish brown alteration
product. apparently derived from the eossyrite. and a I’ew small ophitie quartz grains.

'l'he steep sides ol the hills at lldungisho expose Vesicular traehytes marking the upper
and lower limits ol' individual Ilew's. In the vertical lace overlooking the north side ol'
the ()longoirenito river at l-'mugur ()lnroruo rough columnar jointing is displayed. and
at the base ol‘ the clill‘ blocky. ”(Mi-breechted and vesicular tt‘aehytes are exposed.
Specimen SUI—17‘) I‘rom this locality has a er)ptocrys‘talline base containing rounded
inclusions ol‘ traehyte poor in l'erronragrresian constituents and olten iron—stained. with
numerous irregular shards ot' clear hilt corroded sodaa'ich sanidine haying refractive
indices in the range I519 to 1.53s. There is also much line-grained prismatic alkali
l'clspar in the glassy base.

(iood exposures ol’ l'resh tracliytes displaying complex llow laminations may be seen
in the l.es‘hota gorge section at latitude l ' 23' S. near the eastern rrrar‘gin ol' the mapped
area. Specimen 50605 from this locality has a line light and dark grey banding and
contains elongate sanidine phenoerysts up to l.5 mm. long. usually dusted with iron ore
and containing rare apatite inclusions. The remainder ol‘ the rock is composed of flow—
oriented alkali l'elspar laths. probably sanidine. often with iron ore dttsted cores. and
appreciable amounts ot‘ ophitie eossyrite. kataphorite. aegirine and yellowish staining.
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At the southern end ot" the linkorika ridge chilled trachyte is exposed near the contact
with melanephelinite. 'l‘he trachyte (specimen Stlr'fiol) is a light grey llinty rock grading
into darker and more vesicular laya. The paler rock consists of glass with l'elspar crystal-
lites. in which are embedded large. irregular corroded sanidines: the groundmass ot' the
darker and tnore rapidly chilled laya is almost black with iron ore dust. and contains
much spherulitic t'elspar and inclttded fragments of clear alkali l'elspar.

At tWo places on the Nailiami scarp. very thin trachvte cappings o\'el‘lie ash deposits.
The lirst of these occurrences is a mile 8513.. of I.egorin_\=o. 'l'here appear to be two
levels of trachyte separated by ashes at the more southerly esposure at linamatishorecki.
about two miles north ol‘ the l.e.sltota valley. Here a shallow depression. about 50 yards
across. is rimmed by ashes and trachytcs and lloored on the north side by highly
vesicular lava. possibly trachyte. In the middle ol. the depression is a small mound of
ashes with a thin capping of blocky jointed trachyte dipping northwards at abotit 25
(Plate IV (NH. The rock forming the capping (specimen Stli’584) is a typical grey plateau
trachyte Willi small black and yellow phenocrysts. Rare irregular phcnocrysts oi sanidinc.
about I mm. across. were seen in thin section. marginally corroded and packed with
iron ore. Llongate (‘arlsbad—twinned microphenocrysts ot' the same mineral are abundant
lhc flow-oriented groundmass is composed mainly ot' small lelspar prisms. probably

sanidine. with ilttel‘set‘tal cossyrite and Is'ataphorite and trace amounts ol aegirinc.
Among the grey ashes exposed on the. west side ot‘ the depression fragments of yellow
and grey. highly vesicular and l'ragile pumice were l‘ound (specimen 50,-"58tit carrying
well—l'ormed crystal fragments ol‘ anorthoclase up to 0.5 cut. across. with relractiyc
indices in the range |.53s1 to Li”. and displaying multiple twinning on cleavage t‘lals'es.

The small channel which drains the depression cuts through a 6-H. bank of brown
and green current~bcdded sediments ol' \arying grain size and then tloWs eastwards
along the southern edge of the main trachyte outcrop The liner sediments (specimen
50/588) are mainly watcrlaid ashes and are composed chiefly ol‘ elongate glass shards.
Slides ot' the coarser sediments (specimen 5(15’587) show that they also contain appre-
ciable amounts ot‘ volcanic glass. but carry in addition rounded inclusions of trachyte.
I‘iagments ol‘ l'elspar and pyroxene. and mimerous rounded grains of basalt of uncertain
origin. not unlike the Seyabci basalt esposed further north. 'lwo other slightly larger
rounded fragments iron} the coarser sediments Were identitied as iron—stained Vesicular
aegirine—trt'tchyte and kataphorite-trachyte. both probably anorthoclasc—bearing. Neither
l‘ragmcnt resembles the plateau trachytcs described above. bttt resemble trachytcs
described by 'l‘hompson and Dodson (I‘Jol p. lot from the Naivasha area.

The shallow. roughly circular lCnamatishorecls‘i hollow and the pumiceous ashes near
it must be the result of a local minor e.\plosion. bill the disposition of the lavas is
ditlicult to explain. The rock ol‘ the capping is identical with the plateau traehytes
described from the main succession and could represent a small linal extrusion ot‘
trachyte on the ashes. or a large trachyte block which was disrupted by the explosion.

t5) ANmtt Nuoo 'l‘itttto'iizs

the youngest lavas in the area form the flat plateau ol‘ Angztta Naado. 'l'vyo tracltyte
Hows. neither exceeding fit} it. in thickness. are distinguishable on air photographs: the
upper llow is more extensive than the lower. The lloWs \tere erupted close together
during t‘urther ash deposition. and rest on a virtually llat ash or tutt surface. 'I he only
delectable irregularity in the ashes belo\\ the lavas occurs 2'. miles NNW. of the
Angata Naado l'rading (‘entre. where the loWer trachyte terminates in a slight
depression.

the traclrytes are usually \esicular and neather dark brown; l'reslrly broken surfaces
are grey. Specimen 50;“55‘), from two miles south of the trading centre. contains
greenish tabular l'elspar phenoct'ysts up to l mm. across. In thin section it is similar
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hoth to the. orthophyre-lrachyles ol the Magadi area and to the ”older trachytes"

described by 'l'hontpson and Dodson from the Naivasha area (1903. p. 26). The l'els'par

phenoerysts display L‘arlshad—twinning and have refractive indiees in the range I524—

ISB. diagnostic of anorthoclase. (lear signs or multiple twinning are visihle only in

elea\age flakes: margins ol‘ phenocrysts are corroded. dusted with iron ore and traversed

by cracks containing hrown alteration products. The trachytes also contain etthedral
Inicrophcuocrysts ol‘ pale green augite. sometimes in aggregates. which are often asso-

ciated with iron ore grains ol‘ similar si/e. Some ot‘ the larger iron ore grains are

pse‘lltlnlltttl'Dhs ot' olivine, I'lte groundmass is almost entirely composed ol- prismatic

alkali I'elspai. Wlll] inlersertal kataphorite. cossyrite. iron ore. pale pyroxene and rare

traces ol aegirine. Small amounts of quart! occur in the groundmiss ot' this specimen.

but no quart/ has been recorded l'rom similar laxas in the Magadi and Naivaslta areas.

Specimen 303554. also taken truth the top llow ahout live miles larlher north. is very

\‘es‘lcltldt‘ and generally similar to the rock described above: no pyroxene micropheuo-
crysts Were seen in this specimen: the l'et'romagnesian minerals ol’ the groundmass are

altered. and iron ore pseudonnu'plting olivine was seen in the thin section.

'l'he mineralogical and textural features ol the phonolites and trachytes seen in the

area are sunuuari/ed lielow:

."llim'ru/ constituent i’llmmh‘rex Plateau True/tries "'l’luf’l” Nam/n
' [me/tries

l‘elspar phenocr} sts Sanidine Sanidine Anorthoelase
l’elspathoid Nepheline
l’yroxene Augite or aegirine Aegirine l’ale green augite
Amphiholes l‘s’one, or Kataphorite K:.ttaphorite and cos- Kataphorite and cos—

and eoss‘yrite syrite syrite
Texture Random 'l‘raehytic Trachytic

(tit ()r [\‘rsvr. Mir \Nl-‘l’ltH INIII' l’t t'os

lour plugs ol‘ olivine melanephelinite protrude through the ash cover in the northern

part of the area. They form the rounded tree-covered hills of l\‘lulunyi. Morijo Narok
and Masandare. and a small outcrop adiacent to a quartzite ridge lc miles south—east

of Ngore Ngore.

lhe rocks are dark. compact and I'ich in porphyritic olivine. the larger phenocrysts

heing visible in hand specimen. lixamination ol' thin sections shows that they are also

rich in pale purplish augite and completel} tree ol~ l'elspar. its place being taken by

nepheline. with or without zeolites. 'l'he olivine is ol‘ten euhedral and elongate. though

rarely exceeding ”.5 tutti. in length. and may he slightly enriched in the t'ayalite

molecule. The olivine is Usually l'resh hut invariably corroded marginally. and in
specimen 505557. collected south—West ol‘ \ilutuuyi. it is hrown—rimmed and altered to

green serpentine. 'l‘his specimen is also rich in nephcline to the exclusion ol’ zeolite.
hut the- summit roek ol' Mutunyi (specimen Stlflli') contains both these minerals and

some ot‘ the purple augite in it I'orms small micl'opl‘tettocI‘y'sls. Specimen 50.5% from

Moriio l\'arok is closely similar but liner grained and without pyro\ene microphcno-

erysts. A large [2 mm.) olivine phenocrist seen in the thin section has been so corroded

that the margin has a scalloped appearance 'IWo specimens l'roiu the north—West ol‘ the

area. 50359.7- l‘rom Ngore Ngore and 50,-“5‘H l'rom l\-‘lasandare, are similar hut are

slightly enriched in the smaller olirine crystals and hate irregular ophitic veins and
patches ol‘ a dark sodic mica. plcoehroic l‘rom colourless to yellow and lost red. Iron

ore is ubiquitous in these rocks as stellate clusters and as groundmass granules.
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The age of the plugs is uncertain, for they are all surrounded by linal ash deposits
and no contact with other lavas or Hills is exposed. Saggerson (tum. p. 35) has described
and ligured practically identical rocks. also l'ormiug small plugs. from which ignimbriles
appear to have [lowed down valleys cut through plateau traehytes in the north-east
corner ol’ the l,oita llills area. the ignimbritcs hence post-date the traehy‘tes by an
appreciable period. but the olivine melanephelinite plugs of the Narok area appear to
be eroded vents or eones ol' even greater age. It is dillicult to deduce their position in
the Narok volcanic sequence: they are probably not ol the saint- age as the ls'ishalduga
lavas. since they are t'ound at a considerable distance from the latter. and till scattered
\ents rather than lissure systems.

lhe olivine melanephelinite plugs are similar in composition and texture to the
olivine melanephelinites ol' the l-s'ishalduga melanephelinite series. they dill'er only in
containing. smaller olivine crystals and little or no porphyritic augite.

There are several recorded occurrences of melanephelinite lavas among the later
lertiar} and Pleistocene volcanics of Kenya. l‘he laikipian basaltic and basanitic suite

on the eastern slopes of the .-v-‘\berdare mountains (Shackleton. I‘Hi. p. 3) are probablv
late Pliocene in age. and include olivine melancphtlinites almost identical to those ol'
more recent age in the Narolt and l.oita llilis areas. {\lelanephelinites and nephelinites
occur in Pleistocene lavas oi the Kilimanjaro sequence in the latch: area tltear. [955.
p. 32). ()livine melanephelinites were also found among the dominantly basaltic l’leislt»
cene lavas ot‘ the Nyambeni mountains. North-east of Mount Kenya; they are rich in
microporphvritie olivine and also contain large pale green augite phenoerysts tiiis. I‘lti7)_
()Iivine melanephelinites similar to those of the Narok area I'orm cones in the Sultan
llamud area tSearle. l‘)54. p. 231; they are located at the north-Western limit of the
basanitic lavas ol' the (‘hyulu range.

(7! l)‘i‘|(t)t I .\st|(' Rot Iss

Deposition of pyroclaslie material continued throughout the later stages ol' the
volcanic history of the area and probably outlasted the period ol‘ lava extrusion. I-‘or
descriptive purposes the pyroclastic rocks are subdivided into {at 'l'utl's and (I!) Ashes.
lt’ sulliciently t‘riahle to he cut with a knife or crumbled in the lingers they have been
termed ashes. otherwise they are called tull‘s. lhe tutls are considered to be the products
of hot ash falls Welded together by their own heat.

(at Tit/iv

'l'ull‘s are widespread in the area forming thick accumulations in several of the larger
river valleys. Although hest developed in the northeastern part ol‘ the area. exposures
are generally poor because ol‘ the thiclx vegetation. (iood exposures can be seen in the
Narok river valley near the confluence ot' the l\arok and Ham Ngiro rivers. Other good
e\po.stires were found in the llaso Ngiro especially near the Ntuka contluenee where
up to ltlt) l't. ot‘ tulls l‘orm sheer gorge walls. and there are also less important exposures
in the south-east corner ol‘ the area. in the valleys ot‘ the ()longoirenito and |,eshota
river systems. where tullis rest on melaneplielinitcs and plateau traehytes in the \alley
Hours and sides.

'I he rocks are usually medium to pale grey in colour. but are sometimes green. yellow.
pink or purple. occasionally calcified. and brown when Weathered. they are usually
light in Weight due to their content ol fragmentary pumice. Bloeky jointing can be
seen in the hills; and the} are often tlagg) parallel to the deposition plane. especially
the less- vesicular and more conipaet types. tiood columnar iointing is to be seen at
several places along the sides of the l.-'aso Ngiro valley. but jointing clset-vhere is not
Usually pronounced and the vesicular tull's llltllsc a good t'reestone which is quarried
near Narok for building purposes



Stratigraphy ol~ the tulls is commonly sub—horizontal. but there are abrupt irregularities
in the l0pt)gl‘ll|’)h_\’ on which they were deposited and steeply dipping layers are some~
times exposed. l-'or example. just tip—stream from limugur ()lmoi‘uo in the ()longoirenito
riVer the. Hills dip steeply to the north—east with a vesicular base resting on secondary
limestones derived from melanephelinite. A tributai'y channel nearby exposes tull's with
a yellow base resting on a low dome or ridge of melanephelinite. and a similar steep
contact can be seen higher up the ()Iongoirenito river betWeen tulls and nephelinites.

Samples of. lull Were taken from the Narok river e\posures. along the llaso Ngiro,
Seyabei and Nllllitl rivers. and Horn the melanephelinite terrain in the south—east of the
area. When esamined in thin section most are seen to haVe a brown or grey glassy base
containing librous glass shards with patches ol' sphetulitic and tibrous l'elspar or zeolite.
frequently with dark rims. Iron ore is commonly present as linely disseminated dust
and as irregular masses. and there are numerous iiicltisions derived from other rock
types. 'l'he glassy base contains vesicles rimmed with zeolite.

Specimen 5tlf533 l'rom the Naiok iixcr is a vesicular lull in which the pumice patches
are tilled with yellowish White /co|ite in well-developed prisms and tibrotis aggregates.
A lull containing obsidian shards aligned sub—parallel to the deposition plane is distinc-
tive at variotis levels in the pyroclastic sequence in the north of the area. One ol‘ the
ltori/ons marked by these tulls is directly above phonolites in the Narok river about
tour miles tip—stream from the town. and a second is located in the lJaso Ngiro river
about two miles below the lNarok conllucncc. again directly above phonolitcs. A similar
tull' strata was also found forming the river bed between one and two miles south ol'
Narok. and another in a tributary stream north of Nairascrasa, ln thin section leg.
specimen 50.1420 from the Narok the” the obsidian is relatively clear and pale browa
or violet in colour.

Inclusions are numerous in the Hills; the more common are irregular and ot'ten
corroded l‘clspars. usually sanidine. but anortl'ioclase and oligoclase Were also seen.
()tlier lielsic minerals identilicd were quartz and nephclinc. Malic crystal fragments
include brown biotite similar to that in the gneisses. pale green aegirine-augite. kata-
phorite. green—brown hornblende and olivine rimmed by iron ore Almost every tutl
examined also contained traginents ol‘ trachytic or phonolitic lava, usually altered and
dtisted with iron ore. Willi l‘elspar. ltataphorite. acgirinc. cossyrite arid analcite. Many
ot‘ these lithic inclusions are similar to the phonolites and trachytes seen in the present
area.

lhe Iull‘s exposed among the melanephelinites in the south—east corner of the area
ol‘ten oectlr as angular blocks locally littering the surl'ace ol' the ground, especially in
the smaller outcrops on the Valley sides. As well as containing the inclusions listed
above. these tull's also carry distinctive t'ragments ot~ pale purple augite and augitc-rich
melanephelinite. and in specimen Still-Bl) from the ()longoirenito river an oligoclase
tcphrite fragment trom the Kislittldttga melanephelinite series was identitied.

lhe compact hills are more readily subject to calcilication than the vesicular varieties.
(alcilied [oils were t'ound in the Kishalduga valley immediately east of a porphyritic
nephelinite intrUsion. and in the Ntuka river at l.omoroi. Strongly calcilied lull beds
also occur in the llaso Ngiro section at the head of a small tributary valley about tWo
miles downstream from the confluence with the Narok river. They resemble pink or
grey limestones with inclusions protruding I'rom the Weathered surl'aces. In thin section
(specimen 505539) these rocks are seen to be normal tulls rich in calcite. both as veins
and patches. and pervading the groundmass. Stratigraphic ealcitication ol' the hills has
probably occurred by a similar process to that producing surface limestone sheets.
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There are [WU places where very compact rocks of presuntcd pyroclastic origin occur.
One is on the north bank ot‘ the Uaso Ngiro river dtte north of Legorinyo summit, just
east ol‘ the gneisses. and tile other on the right bank ot‘ the river. in the eastern part ol~
()lenguluo. Specimen SUfS—t‘) from the tirst mentioned exposure is pale grey and
crowded with crystals of clear sodic sanidine. with retractive indices in the range l.5|‘)—
1.528. 'I he base is a uniform grey glass, slightly cl‘ystallitic. the tibrous erystallites being
locally concentrated in sub—parallel str‘aks. The base also contains patches ol’ dendritic
iron ore and brown material. one of the latter showing perlitic structure. the prot'use
shards of clear sanidinc show less good alignment than the crystallites. There is in
addition an elongate shard ot' traehyte. the only senolith in the slide. The other hard
rock. specimen Stlr'fitfl' t'rom ()lengttluo. is pale grey and almost granular. with what
appears to he line brown siliceotts veining. and in. thin section is similar to the sample
just described. These rocks are very compact and unil'orn: and may he ignimbrites.
products oI~ incandescent ash lloWs. rather than ot‘ the merely hot ash hills which
formed the normal. mainly vesicular lutls. Saggcrson (tum). p. 34) identitied ignimhrites
in the area to the south.

'l'wo ol‘ the tall satnples collected in the [Jam Ngiro section bear a striking resem—
blance to waterlain ashes described later. One is part ol‘ the great thickness ot‘ tutl’s
\thich underlie the ashes round lintapot. In the Ntuka river-bed. just tip—stream from
the Uaso Ngiro confluence. there is a long exposure ot' hlocky jointed. dark green—grey
tutl's with white speekling. which thin section esamination tspccimen 50.580] .‘s’ltUWs to
be composed ot‘ cellular non—uniform dark glass. with only small xenocrysts of alkali
t‘elspar. ‘l‘hey contain numerous and ol‘ten large cavities. usually either ellipsoidal or
cylindroidal in shape. the latter sometimes branching. The vesicles are wholly or partly
filled with brown and white conchoidally fracturing amorphous material sometimes ol‘
hotryoidal habit. and probably siliceous ()ne ot‘ the vesicles (specimen 50/58“ shoWs
a surl'ace ot' slaggy l'used glass. suggesting that the original gas temperature in the cavity
was fairly high. The material partly tilting the cavity consists oti brown amorpliotts silica
surrounded and veined by similar material. white in colottr and with blue-grey streaks.
'l'hese amorphous deposits may he the comlcnsation products ot‘ original gaseous tluids
in the cavity. or they could have been deposited epigenetieally from percolating ground—
water. the other sample ot' ash—like tutl. specimen SUI/508 from Olenguluo. is also
green with white speckling. bttt is liner grained. It (werlies the second ot‘ the tWo very
hard tutl' exposures described above. In thin section it is composed simply ot‘ sub—
parallel glass shards in a glassy base. with elongated VL‘SlL‘lL‘s‘.

{bl xix/res

there are probably more than 200 It. ol' ashes in the north-eastern part of the area.
for the most part resting on hills ol‘ similar thickness. "l hey thin to \rest and sullllt-Wc‘sl
over the l.oita Plains. Along the Ngore Ngorc road they are at least 50 ll. tltick. Like
the tulls. ashes cover undulating terrain so their thickness is variable I‘roin place to
place.

In the central eastern part of the area ashes are well exposed along the Uaso Ngiro
and Seyahei rivers. 'l’hey are older than most or" the ashes seen elsewhere for they
ttnderlie alkali basalts. while the remainder mostly post—date the basalts. The older ashes
are thought to hate accumulated mainly as ts'aterlain sediments in lakes. and are rare
in the south-east of the area. Although not distinguished on the map. the twu groups of
ashes. older twaterlain) and younger tsuh-aerially deposited). will be described separately.
Fig. 3 shows the approximate extent ot‘ the two groups.
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Older (”titer/(lint Ashes of the (I'm-o Neim. Scan/nil um! ()lmtyoirt'uilu Lakes

In the llaso Ngiro valley sortie 200 It. ol \tvaterlain ashes overlie a similar thickness
of hills. there are tWo thin tull‘ bands in the ashes. each between H) and 2t) t't. thick.
(me is near the base ol' the succession and is developed locally. round lintapol at an
altitude of about 5.400 ft. The other. near the top ot‘ the sediments. is much more
persistent. and extends l'rom well north of lintapot down the llaso Ngiro \alle_\ and
round to the Valley west ol Fitkorika. It also caps the numerous erosion residuals in
the llaso Ngiro valley (l’latc I). Between the llaso Ngiro and Seyabei rivers the sedi—
ments are capped by the l-iuamankeon alkali :asalt in the south and the ()letugathi
alkali basalt in the north. the tWo IloWs being separated by a thin layer of ashes. 'l'he
Seyabei river section exposes about 400 it. ol‘ ashy sediments with local tutl' bands.
possibly equivalent to those in the llaso Ngiro section,

()l'ten laminated and sometimes current—lwdded. the sediments are thought to have
been deposited in large bodies ol‘ shallow standing water. supplied with line pyroclastic
debris both l‘rom south“ard-llotx-‘ittg rivers and trout direct ash l'alls. Only the sol‘ter
ashes are considered to have been waterlain. and the thin tull' bands and the thick
tutls beneath the ashes in the Uaso Ngiro valley were probably deposit-3d sub—aerially.
still with sutlieient heat to compact into relatively hard rocks.

It seems that the lavas forming) the southern barrier of the lake (across the site of
the present Sevabei river) Were downl'aulted along the Fnkorika l'ault line alter a sedi—
mentation phase had built up the level of the deposits to 2t)“ it. As the lake commenced
to drain away the extensive tutl‘ band near the top ol- the succession in the llaso Ngiro
\alle} was then sub—aerially deposited on the emerging sediments. 'l'he Set-abei basalt
and linamankeon alkali basalt erupted shortly afterwards. the latter forming an extensive
capping to the sediments. It was subsequently downl'aulted along the ()letugathi l'ault
line and tilted to the north. the fault being hinged at l‘Zukorika. 'l‘his dammed the embryo
Seyabei river and formed the Seyahei lake. which “as bounded on the \\'esl by the
()letugathi lault searp. The northern part ol‘ the Western lake shore was composed ot~
sol‘t sediments and subject to rapid erosion. so that ashes which Wet'e deposited in this
second lake probably overlap on to older sediments of the first lake. and may even
incorporate some ol them west ol‘ the l'ault tl'lig. 3). I’inally it is believed that the ()letu-
gathi alkali basalt welled out to cap the later sediments. and the lake probably emptied
at the same time. Shortly afterwards the Oletugathi flow was also dowut'aulted by a
t'urther movement along the ()letugathi t‘ault. Between the two main alkali basalt llUWs
there are local outcrops probably of the same lava in the ashes along the Sevabei river;
they presumably represent llovrs erupted during; the second phase ol~ sedimentation.
possibly on to a temporarily dry lake surface.

Near the confluence of the Seyabei and llaso Ngiro rivers the ashes are much thinner
and are thought to have been deposited in another younger lake. 'l'he wide llaso Ngiro
valley at linkorika would then have been liormed by rapid erosion ot‘ sol‘t sediments
capped by lavas. and the sediments would be eorrelatable with Baker‘s discm-erv ot'
aaterlain pyroclastics beneath the lengitoto tt'achytes in the Magadi area (MFR. p. l8).
l'here is a small. downt'aultcd exposure of traehyte in the [lam Ngiro river close to its
point of departure from the area. and the overlying 50 ll. er so ol‘ well—bedded ashes
lormiug the river banks show no signs of disturbance. lt therel'ore seems that the sedi-
ments post—date the linkorika l'ault, and were banked against the trachyte plateau both
here and further north near linkorika.

'l‘wo small outcrops ot' sediment in the lower ()longoirenito valley suggest that a
small lake was lormcd there when the river was dammed by the plateau trachytes
banked against the Naitiami t'ault searp.
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the older ashes are usually grey in colour. often with a green tinge. although at the
north end of the inkorika ridge are low mounds ot grey. yellow and white ashes. and
Jtist to the. north. in the elongate gully at the southern end of the ()letugathi fault. are
multi—coloured ashes, White ashes (possibly kaolinized) were discovered beIWeen the
t-inamankeon alkali basalt and the main tutf band on the eastern side of the llnaman—
keon plateau. 'l‘hey are almost all well-bedded soft rocks. often tinely laminated (Plate
[V (/Jll and locally currcnt-bedded, A good exposure of laminated. mainly grey sedi—
ments. dissected by numerous gullies. can be seen in the llaso Ngiro valley about [WU
miles NNIC. of lintapot. where there is a gap in the Enamankeou alkali basalt outcrop.
Only in one place were sediments seen to be lying appreciably out of the horimntal.
about three miles north of lintapot. on the left bank of the river. where laminated beds
dip 30 to the West. A small—scale. curved fracture pattern similar to that often seen
in marls is developed in less wellvlaniinated deposits. and numeroUs thin bands of

coarser material contain unsorted fragments of pumiceous material up to a few inches
across tl’late IV (bl). Occasionally boulders of lava were fotmd among the sediments.
as at the north end of the liukorika ridge where large tracltytc boulders rest on sedi—
ments and are capped by tutl'. tn the ()longoirenito valley there are only It) feet of
well-bedded. pale grey sediments with a small—scale. curved fracture pattern. which
form the north bank of the river abotlt half a mile upstream from qgur ()lmoruo.
and are overlain by boulder beds. In a tributary valley just downstream from there the
banks are formed of grey. heavy sandy limestone showing boll: graded and laminated
bedding.

Specimens 5tli’542 and 50,544, both from the [Taso Ngiro section. are soft green—
grey rocks with whitish speckling. The former is well laminated and comes from the
relatively steeply dipping cxpusltl‘c jest mentioned. Both rocks- are composed of
unoriented fragments and shards of libroUs glass and numeroUs small xenocrysts of
alkali felspar. Specimen SUHSI. from the ()longoirenito river. is slightly vesicular and
consists of dark browu and green glass fragments. sortie slightly rounded. and small
cleavage fragments of alkali t'elspar. “the sandy limestone from the same locality
(specimen fill/485) is composed of rounded grains of diil'eieut rock types. chiefly
melanephclinite. trachyte and tall. as well as containing augite t'ragments. the whole
being cemented by calcite.

l'umlgcr (.S'Ii/t—m'i'iu/f‘r ”(prof/ed) xix/It's

Most of the ashes in the area are probably younger than those exposed in the Scyabei
and [law Ngiro valleys. becaUse the presumed alkali basalt in the north Seyabei river
is overlain by thick tutl's and these by thick ashes. The widespread but thinner ash cover
to west and south is almost certainly part of the younger group. and as it almost always
forms gentle slopes it probably obscures older ashes in many places where they would
be exposed in steeper section. as they are in the Seyahei and Ham Ngiro \allcys. liven
near the northern termination of the ()letugathi flow in the llaso Ngiro valley the ashes
forming the surface of the gentler villey slope may Well be mainly younger. obscuring
the underlying older group which \vas probably waterlain. 'l'hcre is a lull band at the
same level as the alkali basalt here. hilt it does not form a prominent feature as do
the cappings farther south. and no sleep sections are esposed.

the younger ashes. which are only poorly bedded. were almost certainly sub—aerially
deposited. and as they are not protected by lava or tull cappings (although there are
tutl" bands in them especially along the llaso Ngiro river in the north of the area).
weathering and soil formation in them has been rapid. 'l'hey all have a brownish colour.
are sometimes tlaggy. and are usually crowded with calcareoUs concretions. which occur
along irregular vertical cracks in the rocks or more rarely in the deposition plane. but
most comn‘ionly as spherical bodies. The calcai‘eous concretions. and sometimes also
the weathered ashes themseIVes. contain small t'erruginotis concretionary bodies which
also weather out and add to the surface layer of residual nodules. ’l‘he concretionary
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bodies are most numerous where the ashes have Weathered to a rubbly l'riable brown
rock which forms the sub-soil over most ol‘ the volcanic terrain. there is a good tilt
section in thc Motoro river at the Narosura road crossing in the south of the area,
where the llaggy ashes- grade upwards to brown rubble and then to brown soils. The
same sequence can be seen just West ol‘ Narok. above the right bank ol‘ the Narok
valley: and in the permanent right bank tributary to the Narok river north ol‘
Nairaserasa.

Specimen 50,1404 t‘rom Narok is similar in thin reclion to the older ashes described
above. but it has a brown Weathered appearance and is o!" slightly lincr grain, Specimen
5034.33. from the Kollobisho river. is a sample of hard and \esieular weathered ash.
rather less altered than most The glass} constituents have been replaced by an amor—
phous brown material. but some ol‘ the inclusions Were identified as sanidine and altered
lrachytc the only occurrence ol’ trachytc in any or" the ashes examined. Iron ore»; are
also visible. as they are in the thin seetion ol‘ a calcai'eotis concretion collected nearby
(specimen Stttslfilt in which a fragment ol' :u‘giriue-aueile “as seen as uell. All the
lime is concentrated in the concretions: no carbonate was detected in the host rock.

Although mainly sub—aerial. some of the totinger ashes U‘sposed along: the rivers are
clearly walerlain. l‘or example. in a riser section about It. miles south ol‘ Narok tulls
hunting the river bed are locally overlain by a t‘riable brown rock. indistioguishablc
from the weathered nsltcs described above. but containing water—Worn rounded pebbles.
()ther Well—bedded ashes. probably watcrlaiu. are exposed in the llaso Ngiro valley near
()long'a tl’late IV (rt).

()rileiu of I/It' I’_\'i'm'/tir1[t'\
Most ot' the p_\-roclasties occupy the north—east quarter of the area. em-ering it to a.

depth of 400 it. in places. there are also considerable quantities ol' \-'olcanic ash in areas
to the north and cast. ‘I‘hompson and Dodson (l‘)o_l. p. 33) mapped thick ashes and
tolls in the Naivasha area. and concluded from their uneven deposition that the pre—
trailing,I winds ol‘ the time Were easterly. as indeed they still are. In the Narok area the
deposits thin Westwards; lhc source of the pyroclastics was therel‘ore probably in or
near the kill Valley. The most striking l'catures ol' lhc pyroclastic deposits are their
immense volume and extent. and the widespread occurrence of lull which constitutes
a considerable proportion of the total. The degree of compaction in the latter suggests
that the explosion products retained a l‘air amount of heat even after a wind—borne
journey ol‘ as much as 3t) miles. Much more detailed examination ol~ these pyroelastics
is required. with regard both to distribution and type of inclusions. before the problem
of their origin can be satisfactorily solved.

3. Superficial Deposits
River Deposits

Probably the oldest rixer deposit in the area is a small quartzite pelt/lie her}, now
surrounded by black soil, seen on the Mt bank of the Uaso Ngu‘o liver about a mile
downstream from its confluence with the l\arok river. and resting on hills lttt) ft. above
the river. the pebbles most have been laid down at an earlier stage in the evolution of
the llas'o Ngiro. after the channel “as tilled by pyroelastics and before incision had
commenced to form the present—day gorge.

Younger boulder lmr‘x, the boulders derived from surroundingI lavas and tull‘. are
exposed in the sides of all the major ri\er valleys in the cast of the area. the youngest
deposits overlain by them being the most recently deposited ashes Boulders form a
terrace between 30 and 50 It. above the llaso Ngiro river l‘rom l egorinyo eastwards.
'l'lie boulders include all rock types over which the river has tlowcd. but the greatest
proportion is of phonolite. which is a measure of the hardness ol this lava as the outcrop
ends some miles lip-stream,
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'l‘hcrc is ol'tcn a palc matrix of mud in thc bouldcr hcds. occasionally conccntratcd
into lcnscs. which may bc salt—bcaring. as ll. milcs south of Narok. 'l'hcy arc sometimes
currcnt-bcddcd. as in thc ()longoii‘cnito vallcy cast ol‘ lldungisho. ()n thc cast sidc ot‘
thc rivcr at Narok thcrc is a bank of sand. including black and grey varictics and

calcarcoUs concrctions. 'l'hc grcy and black sands and the concrctions arc composcd

mainly ot' unaltcrcd l‘ragmcnts ol‘ volcanic glass and alkali lclspar l'ragmcnts ccmcntcd

with coarsc calcitc in thc concrctions.

'l'hc ycllowisli and ol‘icn structtuclcss rill/o-‘inm, l'ormcd mainly of altcrcd ash. is

l'I'cqucntly salt—bcaring in thc volcanic tcrrain. At Narok thcrc is a linc scction ol' crudcly

hcddcd salt—hcaring alluvial dcposits ncarly Hit) It. high. containing sonic. phonolitc

bouldcrs. which is ascd as a cattlc lick. 'l'hc alluvium in thc volcanic tcrrain is youngcr

than thc bouldcr bcds. tor uhcrcvcr thc two arc sccn togctlicr thc alluvium is invariably

on top and ovcrlaps thc bouldcr bcds on to oldcr bcdrock. 'l‘hc alluviutn consists mainly

of palc brown amorphous altcrcd glass with I‘ragmcnts ol' calcitc, ouarU. alkali l'clspar

and oligoclasc. 'Iw'o samplcs ol alluvium l’roni thc Narok salt lick wcrc scnt to the
Soil Survcy Scction ol‘ l’..r\./\.|".R.(). at Muguga t'or csamination by R. Scott. 'l'hc

Watcr—solublc salt contcnl docs not cscccd 0.2 pct‘ ccnt in thc alluvium. which consc-

qucntly has low clcctrical conductivity, but it is highly alkalinc. with pll valucs bctwccn
8.5 and It). sc to tlic prcscncc ot‘ sodium Icachcd out of sodic lavas and tull‘s. 'l’hc
samplcs Wcrc classilicd as non—saline alkali soils.

On thc Loita Plains alluvial dcposition has bccn wulcsprcad in thc shallow. scasonal-
strcam vallcys‘ and local pockcts ol' palc grr'wi ('I'uy occur. which on air photographs
show up almost whitc against thc usual grcy of thc alluyium, ()nc such pockct in tlic
()lonkcvin vallcy ncar thc .survcy point, whcrc thc narrow winding channcl is inciscd
8 ft. into ashcs and ashy alluviunL is locally undcrlain by a hard sub-surfacc calcarcoUs
laycr. 'l‘lic channcl skirts lhc \scst .sidc ol‘ a llat cspansc ol' thc clays into which wclls

havc bccn dug. thc lcvcl of water in thcm bcing about It) t‘t. bclow ground lcvcl. Similar
pans Wcrc I‘otind in othcr rcr vallcys. Usually containing morc or lcss brackish sub—
surfacc watcr. 'l'hc clays havc probably bccn accumulating ovcr thc ycars in shallow
dcprcssions. bccoming annually saturatcd and rctaining watcr longcr than thc coarscr

dcposits ot‘ the surrounding country, so that the water tablc is locally highcr in thcm
and can bc tappcd t‘rom rclativcly shallow w'clls. 'l‘hc grcy clay is scmi-bcntonitic.
cspanding and flaking whcn \vatcr is added but it is too gritty to havc thisotropic
bctttonitc pt'opcrtics.

Strcam-gullicd hi'oii'ii days- with \cllowish and whitish Ilccks. piobahly ol‘ altcrcd

t'clspar. t‘orm dcposits up to M} It. thick at thc hcads of Wm \‘allcys thrcc and tour milcs
lifil’. ol' ()loncanaiyo. ,‘\ washcd samplc of thc clay slumcd l'ragmcnts ol' volcanic

glass. magnctitc. quart/ and calcitc. /\t thc clay locality l‘arthcr from ()longanaiyo a
tcw thin (‘t’H’Fh‘I‘t’U/i‘A' grit bands wcrc l‘ouud ncar thc basc of thc dcposits. 'l'hcy arc
composcd tspccimcn Stl,‘57t\’) almost cntircly ol‘ roundcd lava grains apparcntly dcriycd

l‘rom tlic Kishalduga mclancphclinitc scrics. but including l'clspatliic \arictics. whcrcas

at both localitics thc clays arc surroundcd only by phonolitcs and Hill.

l)cposits ot‘ houldcrs. sand and alluvium also occur along strcam \allcys in thc loita
Hills. but arc lcss \xcll dcvclopcd than clscuv'ltct'c in thc arca bccausc strcam gradicnts‘
arc stccp and thc channcls arc narrow. Sum! I‘rom thc bcds ol‘ two pcrcnnial strcams.
onc t'rom inst south of Harkitabu in thc south-Wcst. thc othcr t'rom thc ()lkunyailic in
tlic south-cast. was collcctcd and csamincd. Both arc mainly quartz sands‘ containing
also intisco\-'itc and iron orc. in tlic Barkitabu sand oligoclasc, sanidinc. hornblcudc.
kyanitc, amlalusitc and traccs ol‘ zircon wcrc also l‘ound.

'l'hc bouldcr bcds arc probably thc products of torrential deposition during a rcccnt
rclativ‘cly arid pltasc. but no doubt includc tlic bouldcrs of carlicr deposits which l'iay‘c
bccn rc—Workcd many timcs and arc now wcll roundcd. 'l'hc ovcrlying alluvium in thc
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volcanic terrain is the product of a subsequent wetter phase. with large-scale flooding
and hence quieter conditions of deposition. although on the |.oita l’lains alluvial
deposition was presumably itt progrcss while boulder beds were being deposited else—
where. The relatively narrow channels. tloored with sand and boulders. which have
been incised into the river llood deposits all over the area. are considered to be the
result of a return to dry conditions with occasional torrential downpours.

There are other less widespread river and stream deposits in the area. The current—
bedded sediments. composed ol‘ melanephelinite grains in the leshota valley and of
tintisual lava types in the |inamatishorecki depression. haxe already been described.
'lhin beds ol‘ t‘edeposit‘ed ('tHH'I't'IttHHl/‘t' ironstone deri\'ed l‘rom Weathered ash were
l'ound in the ls'ollobisho river lilNli. ol‘ Narok (specimen 50,5432) and at NaroL
(specimen fill/“438) where they overlie ltttt I‘t. ol' salt—bearing alluyium. Both deposits
carry lelspai fragments: the deposit at Narok shoWs current and graded bedding and
contains an appreciable amount of ash.

'l'he river deposits are often thick. There are 30 it. of boulder beds exposed in the
Narok river jttst south ol' the town. About fit] it. ol‘ assorted sediments. including
cttrrent—bedded melanepbelinite grits. occur in the l,eshota valley. and nearly lttt) ft. of
alluvium are exposed at Narok. while other sections l‘nrther up the same river expose
up to 30 it. ol~ alluvium.

'I‘crrmtriu/ Deposits
Sand and quartzite boulder debris mantles shalloWer slopes in the |.oita Hills and

the bases of inselbergs. and occurs on the surrounding plains. ()n the Western side of
the l.oita Hills there are large patches of boulder deposits. characterized by thick tree
cover and thus readily distinguishable on air photographs. 'Ihe deposits near the main
mass of the hills are almost certainly torrential outwash products, for they Contain
blocks of every sort of quartzite. bill the patches l'arther West may represent the remains
of former more extensive solid outcrops.

Suit um/ [um imn/r/w' (Ir/Iris. mixed with ash. locally mantles the lUWL‘t' slopes ol‘
valleys in the volcanic terrain. It has not been dilierentiatcd on the map from fluviatile
bottlder beds and :tllllVillttt. In tw'o places on the l'ingnsero Nanynkie platform the debris
has been spread as outwash l'an deposits east ol' the Naitiami lault searp.

('ht'mir‘rt/ Deposits
White linely crystalline trona (_N:t.,(‘t)..?.Na||('()::.3||.()t is periodically deposited by

exaporation in the salt and lime pans ol‘ the h’Iasandare valley near ()l Donyo Rasha.
t\-"lieroscopic esamination ol the crystals (specimen 50,5375) revealed only the presence
ol‘ slender prisms ol trona, but analysis of the sample (tabulated below) shoWs that
other salts are also present, although in relatively insignificant amounts

Wt.
per cent

(11(1); ||-73 Kl

it???“ (3):: l"\rVater-insoluble portion
Si()3 ()‘3l l

(‘1’ 3-12
30-1" 3-17 l
(‘03,, l9-2t) [ .
“CO; [4.04 WVater-solublc portion
K 355 l
Na Zl-s‘) J
”70 ”'44 (I'esidu tl loss on ignition)

IOU-36
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Analyst: .1. l"urst. Mines and (icological Department, Nairobi.

'l'he trona is derived from waters. dark brown in colour. perhaps dtie to high algal
content. which originate in salt springs about Itlt) yards west of the Narok-Narosura
road. In wet seasons rain—water augments the spring supply. and the wide. tlat valley
immediately downstream is flooded (incidentally rendering the road impassable) and
the surface ot‘ the ground is whitened by trona tor a considerable distance downstream.
'I‘he tt'ona is t'e—dissolved and carried away during the succeeding rainy season. so that
the deposit is never more than a thin crust. 'I‘hc springs cn'ierge from among flat-lying
limes-tone .t/ti’t‘ls‘, which Were probably deposited by the spring waters. and for some
distance downstream the ground is covered with small mounds ol' grey and white
t'ont'rt'lirmm‘i‘ limes/(mm probably deposited over the years I'rom evaporating, llood
waters in the flat valley tl’late IV" [(I’ll.

'I'here are other saline springs at ()Ionganaiyo, although they do not deposit significant
amounts ot' salts. A section ol' ruli/J/y tut/(it'd limes/one a l'ew feet thick was seen here.
indicating that the region must have been flooded to an appreciable depth in the I‘airly
recent past. Similar lii‘nestone sheets are exposed along the main road in the shallow
valley of the h-lasandare river tit.)1'tli-\\-'Lrst ot' (_)|onganai_\ro. lioth the Masandare and
()longanaiyo limestones are composed of impure calcite. with rare. small t'elspar
fragments. Analyses of some ot‘ these limestones are given below:

50,1574 501574;: 501597
("acot 35-00 80-40 83-56
Mgcot 3-16 3-45 5-06
Ra). 1-86 2-30 3-21;
s10; 0-07 14-33 7-24
(‘1' 0-03 0-10 001
so." 0-13 0-17 0-04
(“0K 0- 1 a 0-48
taco. 0-73 1-10 049
K 0-40 0-52 0-40
Na 0-45 0-83 010
11,0 1-44 2-59

100-19 100-30 100-24

Analyst: 1. l~urst. Mines and Geological Department. Nairobi.

50157-1 (irey. compact. concretionary limestone. Masandare.

5057-411 White concretionary limestone. Masanda re.
50,1597 Rubbly white limestone. ()longanaiyo.

Salts are also deposited on the surface from the evaporating waters ot a small spring
l'eeding a minor right—bank tributary to the Narok river one mile ahme the llaso Ngiro
confluence. where there is a salt lick much used by game animals. At least part ot‘ the.
salt may be trona. On an intertluve in the. Olongoirenito valley about live miles east ot'
the Narosura road the ground is whitened by a limestone deposit which may have been
formed in the same way as that at ()longanaiyo. tor the Olongoirenito river has some
slightly salt springs along part ol' its course in the dry season.

Numerous mil {icky were found in the line sand and alluvium along many of the
stream channels in the east of the area, and salty alluvium was lound as liar West as
()sel‘olembere. in an east—west channel between tWo quartyite ridges. It is likely that
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during lloods the liner-grained river deposits are saturated with miter—carrying salts in
solution derived from tributary salt—spring streams. When they dry' the salt remains
and is concentrated into pockets a few feet across. which are excavated by cattle and
game. The largest occurrence, as already noted. is at Narok. where the thick alluy‘ium
has been extensively pitted by animals.

(«leave is not common as a secondary surl'ace l‘ormatiou in the area and only small
local sheets are l'ound. mainly on the melanephelinitc terrain where the gently sloping
ground and adequate soil co\‘er encourage upyxard capillary migration and c\-"aporation
ol‘ lime-bearing solutions derived from the leaching of underlying lavas. (‘alcilied tull's‘.
described on page 30. may txell have been formed by a process allied to the formation
ol' surl'ace limestone sheets. Otherwise secondary limestone occurs only as concretions
in weathered volcanic ashes. where it contains small concretionary ironstone nodules.
(‘ons-'ersely'. it was also t'ound as concretions in secondary ironstone derived from
trachytes (see below).

Surface li'tUt.\/H.’I(‘ is relatively widespread in the loita llills. where it is most l're-
quently l'ound along \‘ttllL‘_\- sides and floors. It is usually t brown. coarsely cellular rock.
probably formed. like the limestoncs. by leaching and redeposition ot‘ hydrous iron
oxide. on soil—covered surfaces in shallow \alleys. where “atet' collects bttt does not
readily drain away. In '1 more. Unusual development acctttnttlated on a hillside about
No miles south ol‘ the ()lchorro Nyukie river, the rock is pale brown in colour and less
coarsely cellular than ttsttal. rather gravclly, and with taint signs ot' bedding. | atcriti/ed
gravcls. rather sol't and dark red in colour. were seen in the l.emesigyo \‘allcy near
linkiu. ln stream beds the ironstone deposits are ol‘ten Ittass‘iy'c and hard. lirmly
cementing angular quart/ite blocks ol‘ Varying si/c. and haw presumal‘ily been deposited
gradually from stream waters to lorm the compact rock. 'l‘lie occurrence. ol‘ sceoudars
ironstone was recorded in only tWo places among the volcanics. as a rnbbly deposit on
blionolites just east ot' the tlaso Ngito riser about live miles south—east ol' the Narok
confluence and. as mentioned above. south ol‘ linls'orika. t-yhcre at the edge ot‘ the
trachyte plateau rubbly ironstone with calcareous concretions passes into a compact
t’crruginous crast which tirmly cements angular blocks ol trach_\te,

Sr ii/x

R. Scott. of l’..«-'\.r\.l‘.R.().. lsindly examined and reported on the few soil samples
collected in the area. the soils have been \lll‘ttlHltlL‘tl into four grottps l‘or purposes ol
dest.‘t‘iptitttti

(u) Mainly well—drained sandy soils. ot'tcn pink t'rom iron staining on grain surfaces.
are conlined to the quart/.itcs ol' the loita Hills and surroumling inselbergs. and the
gneisses ol‘ the lower ()longoirenito Valley. A sample ol’ red sandy soil collected on
the eastern side of the ()scrolemlwre ridge is composed mainly of quartz. and iron
ore. with a little alkali l‘clspar and altered Volcanic ash. Areas of |ocall_\ poor drainage
are common round the |,oila llills. especially along stream Valleys where the gradient
has decreased abruptly on leaving the hills. and here patches ol‘ black soil are
developed [H't' below).

ti’it Dark red. l‘crruginous_ slightly sandy soils. ol'ten forming banks a tiny l'ccl high.
ate common on the gently ttndulating ttppcr parts of the l.oita Hills. on ridge tops
and cols. 'lhe_\ appear to he dcrised from the partls latct‘iti/cd dctrilal mantle \thich
has accumulated on the llattcr uplands.

lit} the more common soils in the area are those derhcd l'rom \olcanic ashes. brown
in colottr and \s‘idcsprt-ad on flat and gently undulating ground in the area. They are
similar to the ( hestnut Soils ot' the United States which typically lta\e a calcareoussubsoil. which talses tlie lorm ot' rubbly weathered ash with calc'trcous concretions in
the Nat‘ols' area. and occur on volcanic ash plains in sctni ‘Irid regions at altitudes
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butwucn 4.000 and 0.000 It. I ocally thc brown soils givc way to black \tzu'ictics whcrc.

thc drainagc l\ poorcr. particularly near thc shallow strcam vallt-ys on the plainx.
Similar dark soils Wcrc I‘ound in placcs among thc mclancphclinitcs; thcy arc also

dcrivcd from ashcs which hat-c bccn washcd down into poorly draincd basins. Brown
and black soils' also occur in thc outwash l'an dcposits. containing a high proportion

of ash. on the trachytc platl’orm cast of the Naitiami scarp. whcrc. thcy arc clcarly
poorly draincd. Both thc. brown and black soils cll and llakc in watcr. but thc
lattcr do so morc readily. which is indicative ol‘ a high mootmorillonitc clay contcnt.

’l'hcir dark colour is duc to thc prcscncc ol rcduccd iron.

(:1) l'inally thcrc arc rcd soils. mainly conlincd to linguscto Nanyukic. which arc

also dct'ivcd l‘roin \olcanic asli. 'l'hcir rcd colour is duo to oxidation ol‘ the iron

minerals undcr conditions o!‘ rclatixlcly good drainayc. in contrast to thc poorly

draincd plains lat‘tltci‘ west. 'I hcy arc thought to bc rclic soils lorincd duringI a l'ornicr

morc humid climatic pliasc.

:lrtc/ra'! Flu/ow

A numbcr ol‘ artcl'act llakcs Wcl‘c l'ound in thc arca. ‘I'bcy arc~ chiclly ol obsidian.
with lcss amounts ot' whitc chalccdony. phonolitc and possibly- h'trd Hill. Dr. l.cal\'cy.

ol tlic National Muscum. Naiiobi. idcnlilicd tlicm as wastc llakcs. thc dchris rcsulting

I'roni htlman work. and thcrcl‘orc \":llllt_'lL‘\’s I'or dctcrniining thc culturc to which Ihcy

bclong. Saggcrson toti. p. 39') found many llzlkt's ol‘ obsidian in thc |.oita Hills area.
and rcgardcd thcm as dcl‘ivcd I‘I'om lar to thc north~cast. whcrc supplics ol' obsidian

arc abundant (ct. 'l'hompson and Dodson. tum. p. 31?, .\ t'aidy largc humanly struck

llakc ol' silicilicd ironstonc tspccinicn 503400) was l‘ound in thc ()lkunyailic ri\cr ncar
l omoroi. [n thc cxtrcnic north of thc arc-.1 just wcst ol’ thc Scyabci rivcr. a Iargc and

\\"L'll*l'Ul'lllL‘tl hand-axc madc out ol' plionolilc tspccintcn 50/590) was pickcd up on a
t‘orcst track.

lil'rutit' “for Its

l'.rratic blocks \Vcrc found in many parts ol‘ the area. I'ragnicnts ol' lull. phonolitc

and quart/itc wcrc collcctcd in thc Kollobisho rivcr Wcsl ol‘ Narok. 'l‘hc l'ormcr clcarly

originatcd in thc Mat; uplands. blit thc quart/itc is inorc diflicult to account l’or. sincc

thc sourcc ol‘ thc ri\'cr must Iic sonic distancc cast ol' tlic im‘tamorphic tcrrain in the

arca to lhc north. ln lhc ttaso Ngiro vallcy a mclancphclinilc l'ragmcnt was I‘ound about

a Inilc up s't:'c:tin ll'ttlll thc ncarcst outcrops ol' thcsc rocltx, Round Kishalduna in thc
south-cast ol‘ thc arca tlicrc arc quart/itc bouldcrs on hilltops abc thc lcl ol’ thc

plains t‘urthcr wus't. ('oiivci'sc1t. blocks ol' tull', trachjt-‘tc. phonolitc and intrushc porpln-

ritic ncphclinitc wcrc l'ound on thc margin of thc disscctcd volcanic tcrrain. Wcll about

and ol‘lcn scvcral milcs \t'cst ol' any possiblc soul‘cc. Mclancphclinilc and lull tragincnts

wcrc occasionally l‘ound on thc lcmbcrc l’lains on thc cast sidc ol' thc loita Hills.

and at about 7.000 It. in tlic south—wcstcrn part ol' Ihc hills round lcmcsigyo an
amygdaloidal phonolitc l'ratzmcnt \\as' l'ound. In llic vicinity of Natasha. as aircady

mcntioncd. thcrc. arc a numbcr ol‘ phonolitc blocks. proban dcrix'cd I‘rom thc phono—

litc lion's c\poscd a short distancc lo the west. All thc othcr crratic blocks in thc arca.

howcrcr. could only havc bccn carricd by man to WllL‘l‘L‘ thcy \x-‘crc found. bccausc thcy

arc. at grcatcr altitudcs than any possiblc ncarby sourcc.

\t’l» S'l‘RUC'I‘URl'}

1. Metamorphic Rocks

'l‘hc arca has bccn di\idcd into a nunibcr ol‘ sub—arcas- for thc purposc ol' structural
analysis. The} arc shown in the structural map (Hg. (1 at cnd) which summarizcs the

structural Incasurcmcnts and thcir inlcrpt‘ctation.
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A summary of the structures as enrisaged in each of the live sub—areas is given below
and each of the sub—areas is dealt with in detail in tlte following pages: 7

Sub-area l. Homogeneous monoelinic sttucture. Mainly ssmmetrical open folding,
with most axes plunging to the NNl-i. at lon' angles.

Subarea Ia. lnstttlicient data. but apparently homo-axial with l.
Sub-area 2. llotnogeneotts monoelinie structure, Probably mainly asymmetrical

open folding. with most axes plut'tging to the north at low angles.
Sub-are: 3. Structures ttncertain. Inferred to be isoelinal folds. orerturned to the

south-nest. with axes trending approximately nortlt-westerly. perpendicular to those
of sub—area l.

Sub-area 4. Structures uncertain. the pattern is suggestive of a local swing in the
regional axis to nearly east—west.

Lilieutiom‘ and Slip l‘oh/s'
Almost all the lineations observed occur on foliation surfaces. Usually they take the

form of closely spaced grooves. bttt sometimes they result from preferred alignment of
quartz or of corrugations in the foliation of muscotitca‘ich rocks. Most of the lineations
are parallel either to the asial trend of recognizable folds or to the strike of \ertical
t'oliation. which tnttst itself be parallel to local fold axes. litirthermore in the stereo—.

1grams of sub—areas l and I the linealions group themselves about the statistical axis.
lixeept \there there is evidence to the contrary therefore live below. it has been
assttmctl that the lincations at‘c fold-axis or ft-littcatiotts tWeiss. 105‘). p. :m.

Filip-folds occur at many- localities in the l\arok area. their ases were always seen to
he close parallel to the direction of dip, and are thus distinguishable from those of
other minor folds which are close to the direction ot strike. ‘I'hese slipd'olds are.
considered to have been formed by adjustim-nts along the tine of strike. Some of the
slipstoids observed in dill'erent rock types of the present area are re\icWed below.

Among the biotite gncisscs in the east of the area small sc tlL‘ slip—folds are often seen.
tailing oll' into more regular foliation (trig, 4:. A very strong lineation plunging steeply
to the east. and so coarsely developed as to resemble stt‘aigjltl ripple marks. nas \L‘Lll on
a slab surface in the ()longoirenito valley. [I is thought to be closely related to the axes
of the slip—folds here. and to an ti—Iineation tWeiss. W59. p. 2m.

In the locally more schistose mttsco\ite Littart/iles north of the ()lktlmailie ri\er Where.
It emerges on to the lembere Plains. slip~folds betneen It) and M ft. in amplitude are.
developed. almost isoclinal and with Very sharp closures. so that at lirst sight the} cottld
be mistaken for current bedding. In the main mass ot the muscm-‘ite quart/.ites. hot-\exer.
slip—folds are smaller and less nettle“ hecattse the rocks are less nticaceous and more
granular. lenses of coarsely crystalline quart/ often occupy the cores of the small folds
ll lg. ~l It‘ll.

Stilt—urea l

the stereogram for sub—area 1 Hit}. (ll gives a picture of fairly homogeneous mono-
clinic stmmetri' for this sttb~.tt'ca. with mainly open folding and an undulating but
dominantly NNli.-plunging statistical fold asis (f3). 'I'he major structures in the sub-
area comprise the large Maji Moto synfornh which is theught to be in part recumbent.
and the partly mierturned lintingaser syncline. which is flanked on the west by the open
symmetrical lengiiabi anticline. At ils simplest the Maii Moto synform is outlined by
the band of coarse granular quart/itcs which extends from l.olt!a to Maji Moto, and is
underlain by laminated quartzites. 'l'he smaller—scale open folding in the latter has the
same orientation as the main structure and is summarized on the structural map.
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North—cast ot' Lungijabi coarse granular quartzitcs. probably underlain by the same
micztccotlx and laminatcd quartzite» outline the closurc ol. the lintingaxcr synclinc, which

hm; a gcnllc SS'WC—plunging axis and is opun llL‘l'L‘ hut appcnrx to hcrol‘nc o\-'i:rturnud

to thc south-cent a short distance l'arthcr south.

1 Easterly Dip

" r r/t/Z/ ’ QuartZO-lelspauc component

-B-omeinch component

Twmlerly 0rp

in—l‘. ‘1 .
. ‘ Cloarsg Quart

‘l'

“so? i

Ouartl-rlch component

Hg. 4 Slip-l'nliling in hiulilc unvissos :Iml muwmilo quarllilt-x in llu- Numl‘ arm

{:1) Slip-Inltlx in lyiotilr glll'isxcx, ()lnngoirt'nito \illlt‘)

(ll) SIip-loltls in lJiolilc uncissu, [also hgiro Milk}

[0) Slip-l'ulils in luuwmilt quairl/itcs. I‘lnlinunwr \illlt')

Due L';l.\l ol' thr- hllltlll ixolatul hill ol' coarw granular L]llil|'l/.llt'\ which i». \cparatul.
prohahl} h)! croxion. l‘Iom thc llllllll hand at thc clmtnc ol‘ lllL' ny'nclinr. an opcn anti—

clinal \ll'llcllll’L‘ i» I'L'\-"L‘:llL‘tl h} nppnxlng: (lipx in the umlL-rlying laminated and IniL-act-om

qttal'l/itcx’. It cannot hc ll‘LtL'L‘kl \viy l'ar owing to thc muthrcaxtcrly owrttirning \\-’lllk‘ll
\L‘L‘llh to law prr-x-alont l'arthL-r \outh. ()n 1hr..- WChlLl'll linlh ol' the linlingaxct hyn‘cllnc
minor opcn folding; ix“ wcll tlixplayctl. 'l‘hrt-u milcs notth—caxt ol‘ lcngiiahi thcrc ix. a
good outcrop ol' muxyovitc quart/itin- in which can be seen a >ma|l open x_\l'lCllllC with
a gt‘ntlc SSW. axial plunuc‘ and closc to il a mouoclinal l'oltl. ilx \‘urtical \-\'c\lcrn limh
\lriking: SSW. lax than u milc to thy willh a Iargc xymmctrical opcn anticlinc. alxo
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with a SSW. trend. can be traced out in valley \vall outcrops of coarse granular
quartzites and muscos'ite quartzites. 'l‘h‘ adjoining syncline on the west is less obvious
but its nearly horizontal axis can be followed for at least. 3; miles SSW. from here.
One and. three-quarter miles along this axis there are small undulations in nearly flat-
lying muscovite quart/ites. and a similar distance l'urther on opposing dips Were
measured on either side ot’ a ridge crest. Just south ol' this the axis may have been
displaced slightly Westwards by a small. cross—fault.

Other small l'olds observed in this sub—area include a small open asymmetrical anti—
cline four miles north of east from lengijabi, outlined in a band of tlaggy white quart/.ite
among mainly vertical intiseos-ite quartzitcs. and there may be another such fold in
similar rocks three—quarttrs ot' a mile to the south-east. l'imllv it is of interest to note
that about tvto miles [-ZSF. of lengijabi a northerly plunging lineation with a westerly
curve was seen in granular muscovite quartzite-s. It is presumably a reflection ol' minor
lateral swings in the major fold axes.

The Maji l‘vloto svnl'orm and the. l-Tntingaser syncline have opposing plunges due to
an axial culmination trending more or less north-west along the l-‘ntigaser valley. The
coarse quartzite hand outlining both structures has been removed by erosion oser the
crest of the culmination to expose the underlying laminated and mieaceous rocks.
Further south lineations indicate a return to shallow northerly plunging axes.

At ()lchorro Nyukie there is an exposure ol‘ inverted current—bedding in the band of
laminated quart/hes stretching from there to Maji Moto. which indicates that the
original top of the hand must now be on the Wesl side. The coarse granular quart/.ites'
forming the l.olua ridge and the West side ol‘ the Maji Moto iidge are therefore both
underlain by laminated quart/.ites. so the laminated quart/ites ot‘ the Maji Moto ridge
and of ()silalci are probably part ol‘ the same hand. The greater expanse ol' these rocks
at ()silalei is considered to he at least partly due to repetitive t'olding about axes which
are. nearly horizontal over the culmination there.

'l'he hand ot‘ coarse granular quart/ites outlining the Maii Moro svnl'orm is' thought
to have been recumbently liOlllL'tl in the vicinity of' ()lchorro l)apa.sh. so that a double
thickness of the rock is exposed there. The axial plane of the recumbent told is con—
sidered to have been further l'olded about the same axis b_\-' the ()lchorro Dapash sync-line
and anticline (Fig. 5 tot). The ridge of coarse. granular quartzites which stretches south-
\\ards from there nould then be the keel of the ()lchorro l)apash ssrteliiie. its relativel)
great length being due to axial flattening over the culmination. lts termination in the
south. and that ol’ the limbs ol. the lintingaser svncline, are considered to be due to
lensing otit.

The "island" hill of Lentesigyo is formed ol‘ coarse. granular quart/Kites. On its north
side are exposures of inverted cross-bedding and on its south side there is normal
cross—bedding. 'l'he l‘old must therefore be an overturned syncline on the tlank ol‘ the
Lenics‘igyo antieline (see below} and at its eastern end gives the impression of being
involved in the complex l'olds ol' sub—area 3. The coarse qttartzites in the core of the
fold are then presumably pai't ol' the band which outlines the Maji Moto synt'orm and
the lintingaser syncline.

According to the exposures ol‘ cross—bedding there. the muscovite and laminated
quartzites which abut the coarse quart/ites ol' Ole Lialatus are not inverted. 'l‘herel'ore
the ()le |.ialatus tart/ites underlie them and so must be equivalent to the band which
forms the NNIZ. ridge through lengijabi. This band can be traced round the antielinal
closure at ()silalei before it disappears and is presumably that exposed as part ol‘ the
opposing limb ol‘ the lengijabi anticline, in the ridge four miles north—west of Lengijabi.
where some of the overlying laminated quart/ites also crop out.
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I’iu. 5, iniuummnmlic lr-clonic profiles (as (“slim-(l in Wei». IOS‘). p. 47). sulumuriling llw
main l'onlurtw ol‘ lllc slrucluml pullorns t-nvisrlgul for ”11‘ major purl ol' llu- Loiln Ilills

(sIIIi-nrt'uw l and 3)

A1 ()lchorro Nyukii: there is ‘lll irregular synclinc with u gentle nnliclinul ilcxurc in
lhc L‘luxllrc. outlinvd by courxc granular qriurl/iius. and {1 small. steeply norllrplnngirm
ox-‘crlul‘ncd l’old. ilx :ixizll plunc ll‘ncc trendingI :ipproxiinzitcly cuxl~wcxt which scrim also
to bc part of {his \lrricturu ‘I‘lic IHlHL‘nVllL‘ qurI/iiu forming Ihc eastern part of lhc
()lchorro Nyukic ridge curw away to strike soullr—cuxn-mrds and giw the iinprcaaion
of having hecn almost torn apart from the hand of coarser rockx To become involved
in lhc I'olds ol' \uh—urcn 3.

.S'H/J—urr'cl lu

'l‘lrc Inulslll‘cmmlls made in lhc poorly Exposcd not—wcxl corncr full within the
limits of lhc slcrcogrum l‘or sub-urea l. and indicate that [he IWo arc homo-axial. 'l‘hc
slucpcr l'oliulion dips in [his sub-zircu suggcxl u more Compact dcgrcc of folding lhzln
ohluins in mos! of sub—ur :11 l. 'l'hcrc is an indiczilion ol' synclinul folding in the opposing
Lllpw ol‘ qunrl/ilcs ;il Ngoru Ngorc.
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Sub-urea 3

The stereogram for this block indicates a slightly less homogeneous tield than in
sub-area l, but it inclttdes data tor a wider area from only isolated exposures. The
.stercogram suggests that the folding is open in style. wnh l'old axes mainly plunging
jttst east ot‘ north at low angles. There are three lineations which plot in the t’oliation
pole girdle ot' the stereogram. 'lhe steep. easterly plunging, lineation in the lower
()longoirenito valley in the south-east corner ol‘ the suh—area is thought to he an
u—lineation associated with local slip-told axes. A south—easterlv plunging lineation was
measured among the somewhat ahiupt strike changes in the white quart/ites south—east
of Maii Moto. and there is a \s-esterly plunging lineation it] the coarse. unt'oliated gneiss
just itorth ol' legorinyo. 'l‘he trend ol~ both the latter is close to that ol‘ the interred
overturned l‘olds in suh—area 3.

('Iosures of two open synclines are displayed iii the Iltttsco‘e‘ilc quartzites ot’ ()lls'ttli-
frailic hill and iii a white quart/.ite ridge north—west of legorinyo.

In the hiotite gneisses ol‘ the Ntuka gorge. not‘tlt~\\-'cst til I egorinyo summit. tlte nose
of a small. gently northerly plunging anticline is tsposed. its asis parallel to it Well-
tlc\-'cloped linealiolt. .lust tip-streattt stitall—sealc irregular corrugations are deseloped
ahout a similar axis in hattded hiotite tiltL‘iss‘cs dipping gently nest.

Suit—urea 3

[n a small area hctween sltl1~-ttt'C;ls | and 2 the folding appears to he. ntuch more.
complicated. as indicated hy tlte stcreogrant. The direction ot‘ plunge ot' lineation \‘ttl‘ies
by 180 l‘orming an irregular girdle. while die strike ot’ vertical hcds. which nuIst he
parallel to the trend of local l‘old :tses. varies lirc-m east—west to northsoutlt.

Very tight hut s_\mmetrical minor l‘olds were seen iii the laminated uttart/ites near
where the ()Ioirien river emerges on to the |.emhere Plain (Plate Ill let). The folding is
complicated hs varying truncation angles among the alitl'erent cross—heddcd units [Hg
2 lt’l. Plates [II to]. (h) and (rt). and there has undoubtedly been displacement along
houndary planes hetween units. the rocks are more contorted in the eastern part ot‘ the
outcrop where they grade into less competent inuscm-ite quart/hes. The impression
gained at this exposure was that the axial planes ot‘ the small t'olds strike utore or less
INNW. n-ith asial plunges varying between northerly and southerly.

()n the evidence .ts'ailahle tor this suhsarea it is suggested that hetween ()loirien and
Ole l.ialatus there are live NNW.—trending l'olds (only the two attticlittes are shown on
l-ig. ()l' overturned to the south-West. of which the most northerls. a syncline. is thought
to pass ittlo the closure ot‘ the Maji Moto synt‘orm under ()lchorro Nyukie in sub—
area l. 'llte rocks ins'oh-cd in these l‘olds are tltus considered to he the same hands as
those l‘orming the western part of the hills. 'lhe disamieatance ol' the coarse. granular
quart/ites in south-east t)loirien and Ulkunyailie is theretore attrihuted to lensing
out. as it is t‘urther West in suh-area l.

'l‘he semi-circular outcrop pattern in the soutlt-ts-estern part of this suh—area is
suggestive ol' :1 large. gently north«plunging antrclina! structure, which is termed the
l-ClllCSlL'F-“o anticline. lts a\ial trend is close to that ot‘ the tour north and NNI‘Z:
piunging lineations in the sub-area, and it may he co-asial with the ()lchorro Dapas‘h
anticline further north 'lhe Ittil'lll—Wcslcl'l} trending l'olds ot‘ suh~area 3 are regarded
as fairly large—scale isoclinal corrugations on the eastern limh ot' the lemesigyo anticline.
in the triangular outcrop ot' laminated and ititisctwite quart/.ites in the north—west ol'
the suh-area there is an indication in the ditl‘ering trends of steeply dipping and vertical
beds of transition from ttorth-westerly to north—easterly trending I‘old axes. giving the
impression ot‘ a tan—shaped arrangement of the I‘olds in the transition /.one. What inust
already be a very complex pattern in this region is still further complicated by the.
presence of an outcrop of inverted cross—bedding. dipping steeply to the south—east.
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bub-urea 4

In the stereogram of this sub-area the spread of lineations is greater than for any of
the other sub-areas. while the concentration of t'oliation poles may be a reflection ot‘
south—easterly overtolding. Some of the lineations are similar in orientation to those of
anomalous trend in sub—area 2. and to the axes of postulated north-westerly trending
t’olds in sub—area 3. In the strike of vertical beds there is a relatively small variation.
indicating a swing in the regional axis beIWeen north-east. south-west and almost east-
West.

lisposures are very scattered in this region. and there is not enough data to explain
satisfactorily sortie ol‘ the features encoltntered in the lield. or to conlirm the tentative
deductions made from the stereogram. 'l‘he anticline at l‘v‘htltlcl‘tlltl appears to be rela—
tively simple. although there is a suggestion ot‘ easterly axial swing in the strike ol‘
vertical beds on the eastern limb. the most puzzling pattern occurs on ()I Donyo Rasha.
where north of the hill vertical beds and lineations trend nortlrnorth—east. but on the
hill itselt' vertical beds strike north-east. while the lineation trend is mainly just north
ol‘ cast. a divergence ol' about 30 . In addition the lineations plunge alternately to east
and West with almost bewildering frequency. somttinres within only a l‘ew I‘eet. It is
considered that the anomaly is dtte to small—scale corrugations ol‘ l'old uses. and that the
lineations are not trtie ilt-littcaliolts.

Min/is

()nly [Wu I'aults are shown in the metamorphic terrain. hoth ol‘ them interred. for no
clear evidence ot' faulting.v was seen. the hull south of lengtijabi is interred from an
apparent lateral shift in a lone SS\’\-’-trending synclinal axis where it crosses a stream
\alley there. the other possible tault occurs beneath a linear spring line. Visible on
air photographs, near the north end ol' the discontinttolts ()serolembere ridge.

Joints
.lointini; is best developed in the coarser quart/ites. usually either perpendicular to

the strike. in which case the joint plane is vertical or steeply inclined. or parallel to the
l'oliation dip to give a llaggy parting Both types l'retptently occur together. Sometimes
there are joints pei'jwndieutar to the t'oliation. I’or example on lengijabi ridge. 'l'he
strongest derelopment of joints was seen in the vicinity ot‘ ()Ichorro Dapash.

Some measurements of joint directions were made. chiefly on reitical or steeply
inclined planes. and the poles to these planes u-ere plotted on a stereogram incorporated
in Fig. (i. Statistically there are two dominant sub—perpendicular directions ol jointing.
representing the "ac” and “be” directions. with reference to a regional "b" told axis
trending east ot' north. 'lhe less important “be“ joints could also he regarded as “ac"
joints. with reference to a WNW.—trending subsidiary "b" axis ol~ folding. such as
appears to be present in the aria. most prominently displayed in sub—area 3. It is
interesting to note that both ot' the pegmatitcs measured in the area. in the Uaso Ngiro
valley near lintapot. and West of I.cn_uiiabi. appear to hare tilled dominant “ac" joint
l’ractures. the position ot’ the lesser maxima may be rel-erred to the oblique or hk()
joint system (Weiss. I059. p, 44). which is symmetrically disposed about regional axial
trends.

(‘oni'liis-inns

In adjacent areas to west (Williams. I964} and south (Saggerson. Who). the existence
of two sets of l‘olds with mutually perpendicular axes have been demonstrated. which
the authors consider to be the resttlt ot‘ two periods of folding. The only fold axes
which are traceable into the Narok area from the l.oita Hills ar-a to the south are
those which become the lemesigt‘o anticline and the ()lkunyailie syncline. 'l‘he tintin—
gascr syncline may also have a counterpart in the l.oita tlills area.
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The structures in sub-area 3 of the Narok area suggest that it is a region of folds
having axes more or less at right angles to the regional trends determined for the larger
and virtually homogeneous sub—areas | and 3. 'l‘his mutually perpendicular arrangement
of fold axes is recognized by sortie authorities as evidence for more or less s_\nchronous
folding. tcf. Weiss IUS‘). p. 28). the complete lithological uniformity between the
quartzites of sub-areas l and 2 and those of sub—area 3 also points to a single episode
of folding. sine“ a second period of folding in sub—area 3 Would be expected to exert
some detectable influence on the lithology of the rocks .ttl‘ected luv it.

It has also been pointed out (*8. ll. Baker. verbal comruttnication) that a statistically
homogeneous joint pattern is unlikely to be developed in areas affected by two or more
independent deformations. and is further «.“uidence that the folding in this region is the
result of one orogenie episode only.

2. Volcanic Rocks

'I he Narok area is just outside the {one of later Rift Valley faulting. but “as affected
by the earlier episodes. The oldest fault in the lavas is undoubtedly the Naitiami fault.
thought to be a branch of the ancient Sonjo fault in the l.oita Ilills area. tSaggerson.
team. which formed the great Nguruman Iiscarpment. The latter proban initiated
Rift Valley subsidence in these parts (Baker Wis. p. ol 1. but is thought to be antedated
by the Miocene Kishalduga melanephelinite series- which \vere erupted on to the down~
warped sub—Miocene peneplain in the Narok and |.oita llills area. Saggerson top. cit.)
estimated the throw of the main Sonio fault to be about 4.t)tl(' ft. in the south. decreasing
northwards. The first mowment along the Naitiami fault cannot base been more than
(.00 it. since while further south thick Kirikiti basalts subsequently- inundated the lower
part of the scarp or scarps. there is no sign of them in the north—east of the loita Ilills
area or in the south—east of the Narok area. and they may never have reached the scarp
there.

‘l‘here is a large mass of melanephclinitcs north—east of legorinyo. east of the Naitiami
fault line. 'l'his can be explained by postulating a north-easterly branch of the lirst
Naitiami fault. which itself probably died out somewhere near l.ego|‘in)-'o.

In the early Pleistocene the linkorika fault was initiated en er'lm’on with the |.engi—
loto fault in the Magadi area. The aorika fault has a maximum throw of about 350 ft.
in the present area. and dies out just north of linkorika. It was shortly followed by
renewed movement along the Naitiami fault. which again extended only as far north
as lcgorinyo. while the southern limit of the moVemcnt seems to have been near the
lengitoto plateau. 'l‘hc throw of this second movement did not exceed 4tltl ft. in the
.Narok area.

Subseqttent major Rift Valley faulting. including movement along the Kirikiti and
lengitoto faults. never entered the present area but branched off from the l.eng_itoto
fault about 2; miles east of the boundary. Later faulting in the Narok area was on only
a minor scale and took place in two episodes along the ()lclugathi fault. which is an
extension of the linkorika fault. the. latest movement having a throw of about ltlt) ft.

VII—ECONOMIC GEOLOGY
Artinem/x

No mineral deposits of economic importance. were found in the area. Massive fei’s‘pur
and grime! occur in the gneissic area in the south-east. the former concentrated with
quartz. in rare pegmatites. the latter disseminated as small crystals in the gneisses.
It't'usrm'i’le is sometimes concentrated in small bands and pockets among the micaceous‘

*‘l‘hanks are due to B. ll Baker for critically reading this section of the report and making a
number of helpful suggestions.

43



quartzites ol' the l,oita llills. hut the flakes are too small to be ill value. ll/hienen‘re,
possibly titanit'erous, and ilmenite occttr as linely disseminated grains in the gneisses
and quart/cites and occasionally occttr as handed concentrations in the latter. Small flecks
of" kaolin can he. seen in the laminated quart/ites and slightly larger amounts in the
mica schists and white pyroclastics. hut nowhere was it seen in economic concentrations.

The compact white (liter/JIM in and around the. l.oita Hills are relatively free from
impurities. except for lincly disseminated muscoyitc and magnetite. They might prove
suitable as road metal. aggregate for concrete. ahrashes. and for glass manufacture.
where sulliciently pure.

('ruslred rock t'or roads and huildings could also readily he ohtained from the rails
and lawn in the east or the area. particularly the \ery hard phonolites which outcrop
close to present—day roads. 'l'he ttrll's near Narok are quarried l'or hIIilding stone. more
resicular varieties heing prelerrcd as they are lighter and easier to handle than the
compact types and have hctter heat-insulating properties. Supplies ol' quart/ite. lava
and tall in the area are adequate to meet foreseeable local demands.

Numerous streams in the loita llills contain unm‘l: sum/s suitable for building
materials. Sands ol‘ i‘ur’r'rmir' .e/uss' which might he or trse as ahrasiye material occur
locally in major rivers in the east. [uteri/re irony/one tlntnr'aml occurs in places.
although no deposits ol- economic si/c were seen.

Secondary limes/tilin- acre lound locally in the eastern parts of the area. htit are
scarce and prohahly’ too impure to he of economic value.

The .wilr deposits or the Masandare valley are uneconomic in their present state. hut
the construction ol‘ suitahle evaporating pans might yield a salt crop large enough to
repay the cost ol' cstraction.

l-our quart/ite samples Were assayed by the Mines and (icological Department.
Nairobi. l'ot' cold. lhcy \\ ere:

505M"! -- ()loii'icn.

Stif'fill ()lchorroNyukie.
SHEEN] Natasha.

Stli‘fi‘tl Ridge. 3'. miles north—West ol‘ lengijahi.

None ot‘ the samples contained more than the equivalent ol‘ 0.3 dwt. ot’ gold per ton.

liight samples ol‘ pyroclastics and older superlicial deposits Were analysed for their
p/im'p/mre content. htlt none showed more than a trace.

Harlin/ion Surrey
A Redhox radiation ratemeter was trsed in the metamorphic terrain. but no anomalies

\\c|‘e recorded. Readings were slightly higher among the volcanics. but the intensities
of radiation recorded durineI the suryey were no greater than Would he expected for
the rock types enc‘ountered.

ll 'Hh‘t' Supp/it's

Water is mainly proridcd hy the large perennial rivers in the north-east of the area.
which rise in the Man uplands. and most ol‘ the cattle of the. district are watered at.
these rivers. Narok lm-ynship is supplied l'rom an M.().W. pumping station situated in
the Narok river immediately upstream from the administration ollrces. The water is not
potahle owingr to its ammonia content. and must he pttrilied hcl'ore Use. It is llocculated
with alum and sedimented. tiltered through a sand bed. chlorinated. and linally piped
to the town. Another pumping; station a short distance tip-stream from the township
supplies unpurilied water for agricultural use. The Ngusur river is also tapped ahotrt
nine miles tip—stream l'rom the loan to proyide an irrigation furrow tor the residents.
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The highly jointed quartzites ot‘ the l.oita llills make good aquifers. collecting t'ainwater and condensation from the t'reqtient mists which blanket the hills. The watertrickles down joint cracks and fissures. collects underground in local reservoirs andemerges from perennial springs at ditl‘ercnt levels along many ot‘ the valleys. Becauseot' the good grazing and plentiful water the hills are relatively thickly populated by theMasai. During wet seasons the streams usually tlood but the water is either lost on theplains. particularly in the West and north where the Walet‘ table is proban well belowthe. surface. or times into the larger rivers in the east. 'I‘Wo springs Were t'ound near theedge of the outwash deposits betvveen l.o|ua and Maji h-‘loto. 'l‘hey are untisually farfrom the quart/hes. which here provide a. roughly semi-circular catchment area. Thewater collects in the sandy deposits and emerges where the sands grade into volcanicsoils.

lfilsewhcre on the loita l’lains water is obtained from wells dug either in the greyclays l'ound locally along seasonal stream channels or near the quartzite insclbergs onwhich atmospheric moisture collects. as in the l.oita Hills. and emerges from springson the lcr slopes vvhere wells have been dug to increase the yield. the Well water.particularly from the clays. is Usually brackish duringr dry periods doe. to concentrationoi salts leached l‘rom the surrounding volcanic ashes. At Ngore Ngore in the north-westcorner ot' the area two small dams Were built some years ago to catch the perennialspring waters derived from one ot' the quartzite inselbergs. the springs are now dryexcept during and just at'ter rainy seasons owing perhaps to the recent tendency towardsan increasingly drier climate over the country as a whole.
the levy small t'resh—vvater springs in the \olcanic terrain presumably originate inmuch the same Way as those in the l.oita llills. atmospheric moisture condensing andtrickling down joints and cracks to collect underground they are contined to thephonolite terrain. except for the springs at Seyabei which emerge at the junction ofalkali basalts with merlving tutl's.

the hot spring ot‘ Maji Moto at the extreme northern tip ot' the loita llills providesexcellent drinking water when cooled and is much Used by the l\-'las-ii. who also washin the warm water near the spring and water their cattle at the cooler water doWnstream.the water probably derives from an aquit'cr in the loita Hills quartzite and inust beat meteoric origin. for not only is it quite tiresh but the major part ol‘ the gas whichbubbles up in the spring has the composition of atmospheric air (see page 48). thesource of the heat is dillicult to account l‘or. hot-vever. tor the spring is several milesaway t'rotn the nearest visible lava source although it is situated on the asis oi thepencplain warp. there is narm. fresh \sater in some ot‘ the springs along the youngest()letttgathi t'auit, again probably meteoric in origin. the warmth being derived from the.coincidence of a spring line with a former erupting lissure.
The three main spring—tied streams. Masandarc. ()longanaiyo and Ntuka. rise on theedge ol' the plains where ashes give way to oldc‘ bed rock in the stream valleys as thelimit ot‘ reitnenation l'urther east is approached tl‘ig. l), 'l‘hey appear to tap a variablewater table near the junction ot‘ ashes with the almost planar underlying surface. forthe saline h-tasandare and ()longanaiyo water's both emerge at about (1.000 t‘t. ().|).while the Ntulsa springs ot~ t‘rcsher water originate at about 5.800 it. The salinity ot'these waters must be due to leaching of sodium salts from the surrounding p_\-'rocla,stics.'l‘he markedly IoWer point of origin ot‘ the Ntuka and its lower salinity points to thespring waters being derived t‘rom a separate catchment to that ot‘ the other IWU. possiblyassociated with the nearby phonolites. "l'hc ()longoirenito channel in the south—east hasweak and slightly saline springs downstream among the lavas. the small and very salinetributary to the Narok river about a mile tip-stream from the llaso Ngiro continencerises in the hills at about 5.800 t't. altitude. possibly l'rom another local basin. The()longanaiyo and Ntuka streams. and to a lesser extent the ()Iongoirenito. are Used to
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water cattle all the year round. The Masandare water is generally much too saline‘

being greatly concentrated by evaporation in its wide and shallow valley. although al'ter

moderate rain it is sulliciently diluted to be drinkable by cattle. The nearby quartaite

mass of ()l Donyo Rasha may well contrihut ‘ an appreciable Volume. of water to the

spring. particularly in rainy periods.

The only water-hole found in the area occurs in a seasonal stream channel cast of

the. northern end of the linkorika trachyte ridge. where there is a natural circular basin

cut in the Hills iust below a small watcrl‘all.

In March lUS‘L M, .l. Wessels of the M .().W. Hydrology Department made a hydro—

logical recommissancc in the Narok District. and a summary of his unpublished report

l'ollo“ s.

The catchment area includes the southern and some. of the. south—Western parts of the

Man massil'. and is about 2,575 square miles in extent. Since most of the rain comes

from lake Victoria the eastern side ol' the Mau uplands is the am shadow side. The

rivers flowing oil the Mau originate as spring flow and are therefore ctlluente 'l'hey

become intlucnt t'arthcr downstream. losing water to a falling water table. It is suggested

that the boundary between ellluent and intluent zones may be the lower edge ol the

lorcst on the Mall.

The measurements summarized in the table below were made by Wessels on the rate

of flow in the main rivers just before the rains were due (the rains subsequently failed).

It will be noted that in dry seasons at least the llaso Ngiro only becomes the largest

river in the area below its confluence with the Narol'. and Seyabei rivers.

Maximum

River - [locality . ‘ Discharge, estimated
’ D‘H‘ cusecs discharge,

‘ cusecs

i i i
Narok .. Water supply point. Narok. . l7 3 5‘) 0-72 L000

Scyabei . . Main road . . i . . . l8 ,3 5‘) 4‘6l , 2,000

Uaso Ngiro . . (lame Station. . . . . . l‘) 3 5‘) 1 3-09 'i 2,000

Maji Moto .. Maji Moto .. .. .. ’ l4 ,3 5‘) i 0-36 "

To improve water supplies, particularly necessary in dry years such as I959, the

Seyabei valley just below the Moyok conlluence. near the main road bridge. was

suggested as being a suitable dam site. A l'urther series of dams was recommended

along the Narosura road in the south of the area to catch floodys‘ater oll‘ the l,oita

llills‘ which now [ills drifts for a short time but is then lost into the big rivers farther

east. Such dams would both improve water supplies and help to control grazing.

Water Analyst’s

A number of water samples were collected during the present survey and later

analysed by the (iovcrnmcnt Chemist. The analyses are reproduced in the accompanying

table.

All these springs and riVers are the. products ol~ circulating grottndyvater. probably

ultimately ol' meteoric origin. their dill‘cring salinities being doc. to varying amounts of

salts they remove in solution from the rocks through which they pass at varying speeds.

As already noted it is considered likely that the salts are mainly derived by leaching

from pyroclastics. some from lavas and little from metamorphic rocks,
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(I’m Arm/nix

'l he gas which huhhlm slowly up at thc Mail Moto spring was alw raimplcd [it took

about ninc hours to collcct |_'. lilrcsi and was analyxcd by thc Fast African Scientific
and lnduxtrial cctll'ch Organization Lh l‘oIIoWs:

Incrl gaxcs. including nitrogcn . . . 70.5

()xygcn , .. .. . .. ._ ., |3.(l

IIy-‘drogcn . . , . . . . . . _ 0.3

('arhon Dioxidc . . . . .. . . .. XII

('arhon Monoxidc . . . . .. ._ __ tr.

Mcthanc ., .. .. .. .. .. .. 2.5

Unxaluratul lixdrocarlwm . . , . . __ 0.5

'I'hc proportion ol' niirogcn to oaygcn in thc LllliitihlL‘l'c‘ is about 5 lo I. and lhc

proportion ol' incrl gaws lo oxygcn in this samplc in 0.3 to I. I1 is lhcrcl‘orc probably

mainly atmowphcric in origin, but thc carhon dio\idc. I’I_\.-'(II'UCRH'I)UH.\ and thc ins pct

ccnt cxccss inci‘ gascx may l‘ic jm‘cnilc.

'I‘hc prohahlc mincraI composition ol‘ the water from thc Mari Moto spring. calcit—
latcd by thc Iias‘t African Induatrial Rcacarch Organization Irom .1 Witcr analysis. ix as

I‘ollowv
I’urrx prr
Avril/inn

( alcium Hicarhonatc . . . . , . . , . 87.9

Magnesium Bicarbonate _ _ _ . , . , 49.4

Sodium Bicarbonate. . . . . .. . , . . 52.1

Sodium Chloride , . . . . . . . . 30.2

Sodium Sulphate .. .. ., .. .. 32.8

Silica ._ ._ ,. .. .. .. ._ 37.0
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